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Part |

Introduction

THE 1300-SERIES DATA - PROCESSING SYSTEM 1.1

The 1300-series data-processing system comprises a fast central processor incorporating
magnetic core and magnetic drum storage, together with a wide range of peripheral equipment.
Peripheral units provide punched-card and paper-tape input, punched-card, paper-tape and printed
output, interrogating typewriter facilities and magnetic-tape storage. A summary of the main

characteristics of the system is given in Part 6.

COMPUTER STORAGE 1.2

The store of the computer is divided into locations or words. Each word has a fixed size
termed the word-length, The term 'word' usually refers to the contents of a location rather than

to the location itseld.

Each storage location can contain a number which may represent either program or data.
There is a numerical code for each instruction which can be given to the computer, and a program
consists of these instructionstogether with any constants whichmay be referredto by the program.
Data are manipulated by the program and may consist of data numbers for calculations or alphabetic

jinformation held in coded form.

The word-lengthis twelve digits. Eachdigit is recorded inbinary code andconsists of four bits
(i.e. binary digirs with value 0 or 1) the '1' bits representing 1, 2, 4 and 8 respectively. By using

a combination of bits, it is possibleto record any number from 0 to 15 in one decimal digit position.

One word usually represents a 12-digit decimal number and in this instance a single digit lies
An the range 0to 9. The ability to record up to 15 in one position is, however, useful, particularly

for holding 10 or 11 as one digit inthe pence position when performing arithmetic operations in sterling.

Immediate Access Storage (1.A.S) 1.2.1
The Immediate Access Storage (I.A.S.) is a magnetic-core store. Data held in L.A.S. are

accessible instantly to the program, and program instructions are themselves obeyed from LA.S.
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The basic capacity of LA.S. is 400 words. Each word is identified by an address which is a
number in the range 0to 399. The capacity of I.A.S. may be increased by units of 400 words up to
a standard maximum of 2,000. Hence a particular computer may have 400, 800, 1200, 1600 or
2000 words of I.A.S. with addresses in the range 0 to 1999,

It is also possible for a computer to have, as an alternative unit, a 4,000-word I.A.S. with

addresses in the range 0 to 3,999.

Magnetic Drum Storage 1.2.2

The capacity of I.A.S. is augmented by a secondlevel of internal storage in theform of magnetic
drums. Whereas any word in LA.S. is available immediately, any word on the drum must first be
transferred to I.A.S. before it is available to the program. The average access time to a word on

thedrumis in the order of a few milliseconds compared with an effectively zeroaccess time toLA.S.

A standard drum has 12, 000 words of storage. A small computer may be fitted with a 3, 000
-word drum or a 6, 000-word drum. Alternatively, a computer may have one or more standard

drums up to a maximum of eight drums.

The drum is divided along its length into channels each containing 200 words. Each channel
ig further divided into 20 groups of 10 words each called decades. The decade is the smallest
unit of transfer to or from the drum. The largest unit which can be transferred by one instruction
is 20 decades or one channel. Data may be transferred to or from the drum either as a complete
channel or as a number of consecutive decades. In the latter instance, provided that the decades

are consecutive, they need not be confined to one channel or to one drum.

A series of read/write heads along the length of the drum transfers information to and from
the drum as it rotates at a constant speed. Transfer is effected when the appropriate decade

passes the corresponding read/write head.

Each drum has a further two channels (40 decades) of reserved storage. On the first drum on
each machine these channels are used to retain permanently the Initial Orders program and
engineers' test routines. Transfers can be made by the program from the reserved channels to

1.A.S. but not vice versa.

THE ARITHMETIC UNIT 1.3

The arithmetic unit is that part of the computer where arithmetic calculations are performed.
The unit consists basically of three registers A, B and C (Figure 1) that hold information and a
Mill which carries out the actual additions and subtractions. (Multiplication is a built-in routine
and is carried out in the Millas a series of additions and subtractions.) Each register is one word
length and can therefore hold a number consisting of twelve decimal or sterling digits. Program
instructions cause numbers to be transferred from one register to another or to be added, sub-
tracted or multiplied via the Mill.
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Register A acts as the link with ILA.S. Every word entering or leaving I.A.S. is transferred
via Register A. Hence, besides being used during arithmetical calculations, Register A is also

used as follows:

when transferring information between IA.S. and Registers B or C,
when transferring instructions from 1.A.S. to be obeyed,

when transferring information to or from magnetic tape,

when transferring information to or from the magnetic drum,

when performing logical functions involving a word in I.A.S,

MAGNETIC DRUM (S)
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words in increments of 12, 000
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Figure 1: THE ARITHMETIC UNIT
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Register B is involved in most arithmetical calculations and is the communicating link between
the central processor and all peripheral units with the exception of magnetic-tape units and the
card reader. It is also the only register in which numbers may be shifted i.e. displaced to the

right or left within the register.
Register C is used during multiplication and for communication with the card reader.

As stated in 'Computer Storage', each digit of a number is represented by four bits. When
information passes between a word of ILA.S. and Register A, the transfer takes place along 48
parallel paths, one for each data bit. When information is transferred between the registers and

the Mill, thetransfer takes placedigit by digit, eachdigit beingtransferred along four parallel paths.

INDICATORS 1.4

Indicators areprovided so thata program may determine whether or not a particular condition
has been satisfied. An indicator is in one of two states, set or unset. When the state of an
indicator istested, there are twoalternative pieces of program to be obeyed, onefor a set condition
and the other for an unset condition. If an indicator is tested and found to be set, then the normal
sequence of instructions is interrupted and a jump takes place to another part of the program. If

the indicator is unset, the next sequential instruction is obeyed.

Automatic Indicators 1.4.1

Automatic indicators serve as a communicating link between the computer and the program.
These indicators are set, and in some cases unset, automatically by conditions arising in the
computer or in the peripheral units. Automatic indicators associated with the Mill may be used
to test whether a number is positive, negative or zero. There is also an overflow indicator that
is set if an arithmetic operation gives a result which carries into the most-significant digit
position. This is a warning to the programmer that subsequent arithmetic operations might

produce a result that will be too large to be held in one location.

Indicators are automatically set if a transfer error occurs during transfer to or from LA.S.
or the drum, thus by programming an indicator test and an error routine the error can be detected
by program and possibly corrected without manual intervention. The peripheral equipment is not
synchronized with the computer and it is by testing the relevant indicators that a program deter-

mines when a unit is ready for use, before obeying instructions to control it.

There is also an automatic indicator that is permanently set enabling the program to jump

unconditionally to another section of the program if this is necessary.

Programmed Indicators 1.4.2
Programmed indicators are entirely under program control and are set, unset, and tested

by program. Where two pieces of program are largely similar, the programmer should be able
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to combine them into one program using indicators to differentiate between the two cases

where nec essary.

Manual Indicators 1.4.3

Manual indicators enable operator action to affect the running of a program. These indicators
are set and unset by manual controls (switches) on the console display panel. For example, a
program might be written sothat if a manual indicator is set, a complete table of results is printed,
whereas ifthe indicator is unset, only a summary is printed. The choice is effected by the program

testing an indicator to determine the switch setting.

INSTRUCTIONS 1.5
There is a range of permissible instructions which can be given to the computer. Each
instruction has its own code number and the instructions are combined to form a coded program.

Control may be transferred to a word of program stored anywhere in LA.S,

A coded instruction is usually six digits in length and two instructions are normally held in
one location. Some instructions (termed double-length instructions) are twelve digits in length

and occupy a whole word.

The form and effects of the various instructions are described in Parts 2 and 3 and a summary
is given in Part 6 of this manual. The following paragraphs form a guide to the different types of

instruction available.

Transfer instructions enable information to be transferred between Registers A, B, C and
LA.S. or from Register C to Register B. @ When the transfer is to or from I.A.S., the particular
LA.S. word is specified as part of the instruction. There is also an instruction for transferring
a group of consecutive words from one area of I A.S. to another. The first words of the source

and destination areas are specified in the instruction.

Arithmetic instructions cause decimal or sterling arithmetic to be performed, usually between

Register B and a word of I.A.S. The I.A.S. word is specified in the instruction.

Logical instructions enable the programmer to store information in individual bits or digits of
a word or to examine individual bits or digits of a word. Logical operations take place between

Register B and a specified word of L.A.S,

Shift instructions cause the contents of Register B to be displaced in the register. The number

of positions to be shifted is specified in the instruction.

Indicator - test instructions cause a jump to another part of the program if the indicator is set.
If the indicator is unset, the next sequential instruction is obeyed. The indicator number and the
I.A.S. word to which the jump is to be made if thetest is successful are specified inthe instruction.

Programmed indicators are also set and unset by program instructions.
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Magnetic drum instructions permit decades to be transferred from the drum to the LA.S. and
vice versa. The drum decade address and the LA.S. location address at which the transfer is to
commence are specified together with the number of decades to be transferred. All drum transfer

instructions are double-length.

Peripheral instructions are used for controlling each of the peripheral units. Instructions to
write to and read from magnetic tape are double-length. The LA.S. word at which the transfer is

to begin and the tape-unit address are both specified in the instruction.

THE CONTROL REGISTERS 1.6
There are three control registers: CRI1, CR2 and CR3. Each is six digits in length and

capable of holding one single-length instruction.

When a word of program is to be obeyed it is transferred from IL.A.S. via Register A to CR1
and CR2. An instruction is actually obeyed from CRI1. After the first instruction has been obeyed
from CRI1, the contents of the registers are shifted and the second instruction is moved from CR2

into CR1 to be obeyed.

The operation of the control registers is such that instructions are obeyed automatically in the
same sequential order as they appear in LA.S. When the two instructions in one word have been
obeyed, the next word is automatically transferred through Register A to the control registiers.

The only instruction which causes this sequence to be broken is a successful indicator test.

The detailed operation of the control registers is described in Part 2.

MAGNETIC TAPE 1.7

Magnetic-tape units can be linked to the computer, and program instructions are available for
reading from and writing to magnetic tape. By means of one instruction a block of consecutive
words can betransferred from L.A.S. to tape or vice versa, thetransfer being effected via Register A.
There is no limit to the size of a block other than the size of L.A.S, and the remaining usable length
of tape. Extra bits are automatically stored on the tape for checking purposes and transfer errors
are detected during writing or reading.  Magnetic tape has the advantage that reels of tape can he
removed easily from the computer and the information on them preserved for future processing.

Full details of the magnetic-tape systems and given in Part 3.

One - inch Tape System 1.7.1

This system comprises units recording information on one-inch wide magnetic tape. From
one to eight units can be attached to the computer and each unit can be allocated an address in the
range 1 to 8 by means of an eight-position switch. It is possible to read from one unit and write

to another unit simultaneously.
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Information is recorded on the tape along 16 tracks, the 16 bit-positions across the tape
making one frame. The bits in one frame form two decimal digits of four bits each, the remaining
eight bits being used for checking purposes. The checking system is such that single-bit errors
are precisely detected and are automatically corrected on reading. One word is held on the tape

in six frames.

The packing density on the tape is 300 frames (i.e. 600 digits) to the inch and the tape moves
past the read/write heads at a speed of 150 inches a second. Information is thus transferred at

90, 000 digits a second (90 ke/s). The maximum length of tape on each spool is 3,600 feet.

Half - inch Tape System 1.7.2

This system comprises units recording information on half-inch wide magnetic tape. From
one to eight units may be attached to the computer and each unit can be allocated an address in the
range 1 to 8 by means of an eight-position switech. It is possible to read from one unit and write

to another unit simultaneously.

Information is recorded along the tape in ten tracks, the ten bit-positions across the tape
making one frame. The bits in one frame form one decimal digit of four bits, the remaining
six bits being used for checking purposes. The checking system is such that single-hit
errors are precisely detected and are automatically corrected on reading. One word occupies

twelve frames.

The packing density on the tape is 300 digits tothe inch and thetape moves past the read/write
heads at a speed of 75 inches a second. The transfer rate is therefore 22,500 digits a second

{223 ke/s). The maximum length of tape on each spool is 3,600 feet.

Quarter - inch Tape System 1.7.3
Four, six or eight units can be attached tothe computer, each unit having a fixed address in the

range 1 to 8. It is possible to read from one unit and write to another unit simultaneously.

The tape width is a quarter of an inch. Information is recorded by different digits being
represented by different distances between signals on the tape. Information is recorded over the
whole width of the tape and the value of a digit is determined by the time taken for a tape length
to pass the read/write heads. For reading purposes the tape is divided into two tracks and reading
may take place from either track. Extra information is held on the tape at the end of a block for

checking purposes.

As the digit values are recorded by a length of tape, the packing density depends on the value
of the data recorded. Assuming random distribution, the packing density is approximately 440
digits to the inch and the tape moves past the read/write heads at a speed of 371 inches a second.
The transfer rate is therefore 16, 500 digits a second (nominally 16 ke/s). The maximum length of tape

on each spool is 1, 800 feet.
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INPUT AND OUTPUT EQUIPMENT 1.8
Input equipment provides the means of reading information into the computer and may consist
of a card reader, a paper-tape reader and an interrogating typewriter, the last also being an

output unit.

Information is presented to the card and paper-tape readers (in coded form) as holes punched

in cards or paper tape and the readers convert this information into computer code.

The interrogating typewriter converts informationtyped on thekeyboard directly into computer
code. This information, together with the reply are then reproduced in plain language by the

computer on the print unit of the typewriter.

Qutput equipmenti provides the means of obtaining the results of data processing and may
consist of a card punch, a paper-tape punch and a line printer. The results may be printed in

plain language or be produced (in coded form) as holes punched in cards or paper tape.

Full details of input and output equipment are given in Part 3.

The Card Reader 1.8.1

The card reader reads into the computer information punched on 80-column rectangular hole
cards. The information is punched in code with one numeric or alphabetic character to a column,
The characters are read into Register C, six columns at a time, and are then stored by program
in ILA.S. Each character is represented in the computer by two digits termed the zone and

numeric components.

The cards are read column by column, first by a reading station and then by a check.reading
station. The two readings are automatically compared and an error indicator is set if they

do not agree.

Two types of card reader are available, one reading up to 600 cards a minute and the other up

to 300 cards a minute.

The Card Punch 1.8.2

The card punch punches information received from the computer into 80-column cards. The
information is transmitted to the punch via Register B and the cards are punched row by row
starting at the top of the card. When a card has been punched, the information is read back into

the computer and compared by program with the original punch data.

The card punch operates at 2 maximum speed of 100 cards a minute.

The Line Printer 1.8.3
Theline printer prints information received fromthe computer via Register B. The information

is printed, one line at a time, on continuous stationery.
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Printing is accomplished by activating print hammers which strike the paper and a carbon
ribbon against a print barrel which rotates at a constant speed. All available characters (i.e.
letters of the alphabet, numerals and special symbols) are embossed around the print barrel for
each print position so that axial lines of similar characters are displayed on the surface of the

barrel. Eachcharacter may be printed inany positionalongthe line and spaces may be programmed.

As each line of characters on the barrel comes opposite the hammers the computer sends an
impulse for each print position at which that character is to be printed. An indicator is set if a

timing error arises.

Vertical line spaces can also be achieved by program instructions. The line printer may be

one of the following types:

{(a) 120 print positions, with a maximum speed of 600 lines a minute,
(b) 120 print positions, with a maximum speed of 300 lines a minute,

(c) 80 print positions, with a maximum speed of 300 lines a minute.

The Paper - tape Reader 1.8.4
One or two paper-tape readers may be fitted to the computer. The paper-tape reader reads
information punched in code on five, six, seven or eight tracks, the number of tracks being

manually selected by a switch.

Information is read into Register B and then stored in ILA.S. by program. Each character is

represented in Register B by two digits; the zone and numeric components.

In the case of T-or 8-track paper tape, onetrackis reserved for a check bit. Inthese cases an

automatic check is carried out on reading and an indicator is set if there is an error.

The feeding spool can hold up to 300 feet of paper tape and the reader operates at a maximum

speed of 1,000 characters a second.

The Paper - tape Punch 1.8.5

The paper-tape punch punches information into 5-, 6-, 7- or 8-track paper tape, the number
of tracks being selected by an engineer's adjustment. A character is punched from its zone and
numeric components held in Register B. On 7- and 8-track tape, a check bit is automatically
generated and punched in the track reserved for that purpose. The punched character is then
check-read at a special sensing station and an indicator is set if an error is detected. There is no

such check when punching takes place on 5- or 6-track tape.

The feeding spool can hold up to 800 feet of blank tape and up to 300 characters a second can

be punched.
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The Interrogating Typewriter 1.8.6

The interrogating typewriter can be used to request information which is readily accessible to
the program buf which is not normally required as printed output and is therefore not printed by

the line printer.

The typewriter is used as an input and an output unit. A message enteredonthe keyboardis
read by program into Register B and is typed (in red) on the typewriter. Acting on the message
the program causes the reply to be transferred from Register B to the print unit of the typewriter.

This information is typed in black.

All keyboard characters are available for both type-in and type-out. Each character is

represented in Register B by its zone and numeric component.

The typewriter prints one character at a time and operates at up to ten characters a second.

THE COMPUTER CONSOLE 1.9
The computer console is a panel containing the switches necessary for operating the computer,
and various lamps which indicate conditions within the computer. In addition, each peripheral

unit has its own Switch and Indicator panel.

Some of the information which may be displayed on the console is as follows:

the contents of Registers A, B and C,
the contents of the control registers CR1, CR2, and CR3,
the state of programmed indicators,

the state of the transfer error indicators.
1t is also possible to set numbers in Registers A, B and C and the control registers manually.

Instructions for operating the computer and the uses of the switches and indicators are con-
tained in the Operators' Reference Manual. Charts of the various switch and indicator panels are

shown in Part 6 of this manual.

CHECKING FACILITIES 1.10
The checking facilities associated with the input and output units and magnetic-tape units
have already been mentioned. Facilities are also provided for detecting errors in transfers to and

from I.A.S. and the magnetic drum.

A word in LLA.S. contains 48 data bits and two extra bits for checking purposes only. These
bits are generated immediately before a transfer toL.A.S. and are used for checking purposes when

the word is subsequently transferred from I.A.S. I the check fails an error indicator is set.
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A word on the drum contains twelve data digits and an extra digit for checking purposes only.
This digit is generated immediately before a transfer tothe drum andis used for checking purposes
when the word is subsequently transferred from the drum. If the check fails an error indicator

is set.

The I1.A.S. and drum checking systems are described in more detail in Part 2.

ADDRESSING .11
A single-length six-digit instruction is composed of two parts, a two-digit function code and a

four-digit address part.

The function code number specifies a particular computer operation (e.g. multiply); the
address part usually specifies the location of the information on which it is required to perform

that operation. The address is usually the location of a word in I.A.S,

For example, one available function is 'add the contents of Register B to a word of 1.A.S. and
store the result in the I.A.S. location from which the word originated'". When it is desired to
perform this operationthe six-digit instruction contains the two-digit code number for the operation

and the four-digit address of the 1.A.S. word.

The LA.S. word specified in the address part of an instruction may be program or data. Inan
indicator test instruction for example, the address is the program word to which the jump is to be
made if the test is successful, whereas for an arithmetic instruction, the address is that of

a data word.

When an indicator test instruction is used, a jump to another word of program causes the first
instruction in that word to be obeyed. It is not possible to program a jump to a single-length

instruction held as the second half of a word.

Drum transfer instructions are double-length and a drum decade address is specified as well

as an ILA.S. address.

PROGRAM SHEETS 1.12
A program is written as a sequence of coded instructions, and this is done using the printed

form shown in Figure 2.

This form is completed as follows:

Cc The number of the card within the block, numbering the first card, 1.

1 The relative address of a word in the block, starting at zero. The word itself contains
two single-length instructions (occupying columns D, F, A and R) separated on the

program sheet by a broken line. A double-length instruction occupies both halves of

a word and must not appear as the second half of one word and thefirst half of the next.
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D Designation column. Instructions to set, unset or test indicators contain a designation

in this column as part of the instruction.

F Contains the first part of the instruction, that is, the two-digit function-code number,

or the indicator number in the case of an indicator instruction.
A Contains the second part of the instruction, that is, the four-digit address.

R Contains the relativizer reference number for the address. (If the address in Column

A is that of a word in the same block then this column usually contains the letter 'B'.)
Narrative  Used by the programmer for explanatory notes.

Constants are written on the program sheet as pseudo-instructions. A negative constant
(not sterling) has 'M'" written in Column D of the first half of the word and a positive constant may

have 'P' written in this position though the 'P' is not essential.

RELATIVE ADDRESSING 1.13
When a program is being written it is convenient to split the program into sections which can

be written more or less independently of one another, possibly by different programmers.

When a program is run, ILA.S, and drum are used to store the various sections of program and
the necessary data. It is not usually possible to hold all of this information in L A.S. at once and
instructions must be included in the program to bring into 1.A.S. the sections of program and data

as they are required.

In writing a program, {requent references are made (in the address parts of instructions) to
other words of 1.A.S. and to words on the drum. These words may be data or program, in either
the same section or another section of the program. During the early stages of writing a program
it will not be possible Lo ascertain the exact 1.A.S. location of each word because the lengths of the
various sections of program are not known. To overcome this difficulty, a system of relative
addressing is used.

The program and data are divided, as stated above, into sections, which are termed blocks
The words in each block are numbered in sequence, the first word being numbered zero. This
sequence number is the relative address, i.e. it is not the actual address in storage but is the
address relative to the first word of the block. (The actual address of a word in I.A.S. or on the

drum is termed its absolute address.)

When a word of program (say, for example, word 3 of a block) refers in the address part of
its instruction to another word(say, word 8) in the same block then the address part of word 3 will

contain relative address 8 followed by the letter B denoting that word 8 is in the same block as word 3.

The blocks are given reference numbers termed Relativizer Reference Numbers (usually abbre-
viated to R.R.N.) and these numbers are used by the computer to convert relative addresses into

absolute addresses.

For identification purposes, each program or data block is also given a block number and it
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is usual to make this the same as the R.R.N. A word in a block would then be addressed by its

relative address within the block and the block number, e.g. word 10 of . block 15.

When the lengths of the various blocks are known it is possible to allocate storage in I.A 5.
and on the drum. After this has been done, control words are written which set the I.LAS. and

drum address for the first word of each block.

Each block is headed by a control word called its block relativizer, As the block is read into
the computer, the block relativizer is used to convert into absolute addresses those addresses that

refer to other words in the same block.

For each Relativizer Reference Number, there is another control word which sets the starting
address for that relativizer in I.A.S. and on the drum. As the blocks are read into the computer

the relativizer setting is used to replace by absolute addresses any address relative to that R.R.N.

Example If a program instruction has in its address part the I.A.S. address 'word 5 of block 16’
and the R.R.N. for block 16 is set to a starting address of 150 then the absolute address referred

to in the instruction is word 155.
The use of relativizers is fully described in the Initial Orders Manual.

The conversion of relative to absolute addresses takes place as the program is read into the

computer. Before the program is obeyed, all addresses are absolute.

PROGRAM CARDS 114

When a program has been written on program sheets, the program is punched in code into
program cards. The information in Columns I and Narrative is for the programmer's use only
and is not punched. The block number and card number are punched into the cards so that a check
can be carried out that the cards are in the correct sequence. The information in Columns D, F,

A and R occupies nine columns on the card.

Three program words (i.e. six single-length instructions) are punched in each card and the
columns are allocated as shown in Figure 3. Column 18 can be used as an extension to the card
number when it is necessary to insert cards between sequentially numbered cards. Column 17 is
used for a special marker on the last card of each block. This is used as an extra check that the
cards are in correct sequence. Columns 1 to 16 are not allocated and are available for pro-

gram reference purposes.

INSTRUCTIONS WITHIN THE COMPUTER .15
A single-length instruction occupies nine digit positions on a program sheet and nine corres-
ponding columns of a program card. During read-in the instruction is condensed to six-digit form

within the computer. This is achieved as follows:

14 3165(2.64)
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Figure 3: A PROGRAM CARD

The R.R.N. is used to convert the instruction address to absolute form. Where the M control
designation occurs the correct negative constant is formed. An indicator-test, set, or unset
designation is recorded in the six-digit instruction by adding it to the most-significant position of

the address.

Example An unconditional jump (test of indicator 00) to word 16 of block 32 is written on

the program sheet as:

If R.R.N. 32 has an 1.A.S. setting of 23, the instruction is held in the computer as 004039.

Two instructions are held in the computer in one twelve-digit word as follows:

Digit
Positions 1 2 3 4 5 6 ‘ 7 8 ’ 9 10 11 12
Instruction FUNCTION ADDRESS FUNCTION ADDRESS
First Instruction Second Instruction
INITIAL ORDERS 1.16

Initial Orders is a special program which enables other programs to be read into the
computer. It reads the cards, stores the program instructions on the drum and then transfers a

specified portion of the program to I.A.S.

Initial Orders is stored permanently on the reserved channel of the drum. A special button on
the console causes Initial Orders to be transferred to ILA.S. ready to be obeyed when the Start

button is pressed.
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The input to Initial Ordersis a packof program cards. This pack contains program, constants
and control words. The conirol words provide information for Initial Orders but are not stored
in the computer program. A sequence check is carried out to ensure that the cards are in

correct order.

Blocks of program are read by Initial Orders and within each block the words are stored in
sequential locations on the drum. The drum address for the first word of each block is given by

the block relativizer control word.

Initial Orders sets relativizers from control words read in for each R.R.N. and uses these
relativizer settings to convert relative addresses into absolute addresses. Set, unset, or test

designations are also added into the most-significant digit of the address.

If the card columns for a word are all blank, then that word is ignored. Provided that a zero
constant has at least one zero punched, the P designation for a positive constant is not necessary.

An M designation causes Initial Orders to store the constant in negative form.

It is permissible for addresses to be punched in absolute form so that Column R will be blank.
Relative addresses should, however, be used since this saves programming and testing time. In
particular, if relative addresses are used, storage re-allocation canbe easily achieved if necessary
by changing only the control words. Initial Orders and control words are described in more

detail in Part 4.

As an instruction in absolute form is only six digits long, five words can be punched on a card
instead of three. Cards punched in absolute form are called fast-read cards and are acceptable
to Initial Orders. When a program has been fully tested the program pack can then be converted
from ordinary program cards to fast-read cards, giving a smaller pack and faster read-in time.

Full details of all Initial Orders facilities are given in the Initial Orders Manual.

NUMBERS WITHIN THE COMPUTER 1.17

One word of storage can hold a number consisting of twelve decimal or sterling digits. For
arithmetic purposes, the most-significant digit is called the sign digit. Negative numbers are
held as a complement of ten (or corresponding sterling complement) and the sign digit is therefore

normally zero for a positive number and nine for a negative number.

The sterling positions in a word canbe variedby program. Assumingthatpence are in the least

-significant digit position, the following examples show how numbers are represented inthe computer.

Representation in Computer
iribess Debsosontad 1|2 |3 | a5 {6 |78 [9 [10]u |12
365 0 0 0 0 0 0 0 3 6 5
£987.16.9 0 0 0 0 0 0 9 8 7 1 6 9
-6921 9 9 2 9 9 9 9 9 3 0 7 9
-£123456.19,2 9 9 9 8 7 6 5 4 3 0 0 10
16 Part 1 3165(2.64)



Positive and negative constants entered by Initial Orders are held in the form shown. Initial
Orders cannot accept sterling constants with an M designation. Such constants must be converted

into sterling complements and then entered as if positive.

ALPHABETIC CHARACTERS WITHIN THE COMPUTER 1.18
Alphabetic characters are held in the computer in coded form. Each character is represented
by two digits (called the zone and numeric components) and it is therefore possible to hold up to

six alphabetic characters in one twelve-digit word of storage.

All characters punched on cards or paper tape are read into the computer with a zone and
numeric component. For a numeric character, the zone component is always one, and the numeric
component is equal to the number itself. The zone component is usually discarded (by program)
for data numbers and the twelve digits of a word are used to hold only the numeric components of

the data numbers. The zone component is re-generated before adata number is punched or printed.

The zone component is retained throughout all stages of data processing for alphabetic informa-

tion or mixed alphabetic and numeric information.

When information is read from cards, six characters are read at a time, the zone components
being held in the six most-significant digits of the register and the numeric components being held
in the six least-significant digits. The characters are then normally stored as consecutive words

in LA.S.

The standard card punching code together with the zone and numeric components recorded in

the computer are given in the table below.

Over-Card punching
Card Numeric Punching | 10 ] - [ 0 I 1
and Computer Zone Component
Computer Numeric Component 1 2 3 4 5
i0 10
11 11
0 0
1 1 A I &
2 2 B K 5 %
3 3 C L T +
4 4 D M U -
5 5 | E N |V /
6 6 F 0 w 1
- 716 | P | X
8 8 H Q R4 @
9 9 1 R z 2
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Example

On Card :-

JOHN SMITH SA29KT
I 1ni

ol i

ooooponoooooooooffoofloooooononfjoo

P23 45 67 8 9100012031415 1607181912021 2223 24 25 1427 28 1;

1 I
2 1 i Might be held in I,A.S, as :
| 3333333333333333309333333W38 | 00 100 [o]3]3]2]3]0]0[1]6]8]5]0] (somN)
4 i Location 101 |4[3]2(4[2]|0]|2|4]9]|3|8|0]| (SMITH)
] Location 102 [L[2]1]1]3]4]5]t]2]o]2]3] (5az29KT)
5 E I Zone Numeric
666666666 ]6666666666666666
7
B I i
99899999099999993fl999393affas
12 3 458678 3100101121314151617181920201222114125 247
THE SUBROUTINE LIBRARY 1.19

Certain sections of program are common to a variety of tasks. Economies may he effected
in programming and testing time if these programs (subroutines) once written are preserved for
future use. A library of these subroulines for the 1300-series is maintained by International

Computers and Tabulators Limited.

The subroutines may be incorporated into a program using the relative addressing system.
An index is maintained of all available routines and a specification sheet for each subroutine vives

full instructions on how the subroutine can be used.

General purpose subroutines are termed 'software’ since they can be used without programming
effort but are not built into the 'hardware' of the computer. General subroutines are available

for control of all input and output units and magnetic-tape units.

Besides subroutines which can be included in programs, certain complete routines are available

for which the user need supply only data to provide the required result.

The available facilities are described in more detail in Part 5.
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1300 - SERIES SYSTEM CONFIGURATIONS

The 1300-series Computer Systems can be considered in two sections:

1.20
the Basic System, and

those units which can be added to increase the capacity and scope of the system.

Basic System

Central Processor with
Card Reader
Card Punch
Printer
I.A.S.

Drum

Additive Capacity

Printer

I.A.S.

Drum

Alternative Feature

Card Reader

Additional Features
(1300 and 1301)

Mapgnetic-tape:

Paper-tape Readers:

Paper-tape Punch:

Typewriter input/ output

3165(2.64)

1300

1301

80 column, 300 cards a minute
B0 column, 100 cards a minute
80 position, 300 lines a minute
400 words

3,000 words

Replacement by 120-position
printer.
Up to four additional 400-word

units

May be increased to 6, 000
words or 12, 000 words.

Further 12, 000-word drums can
then be added up to a total of

eight drums.

40 col., 600 cards a minute

80 column, 600 cards a minute
80 column, 100 cards a minute
120 position, 600 lines a minute
400 words

12, 000 words

Up to four additional 400-word
units or one replacement unit

of 4, 000 words

Additional 12, 000-word drums

up to a total of eight drums

40 col., 600 cards a minute

Quarter-inch (16 kcl's), 4, 6 or 8 units on a machine

or half-inch (224 ke/s), up to 8 units on a machine

or one-inch (90 kcf/s) up to 8 units on a machine

5-, 6~, 7- or 8-track, 1,000 characters a second, |l or 2 a machine

5-, 6-, 7- or 8-track, 300 characters a second, 1 a machine

120 positions, 10 characters a second, 1 a machine
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Part 2

The
Central
Processor

GENERAL 2.1
The central processor consists of the units that are responsible for the overall organization
of the routing and processing of data within the system, and comprises the arithmetic unit, the

control registers and associated circuitry.

The Arithmetic Unit 2.1.1
The arithmetic unit adds, subtracts and multiplies; division is not a built-in routine but is
accomplished by subroutines. The arithmetic unit also performs shift functions, transfer functions,

row-binary functions and logical functions (AND, OR). The unit consists oi:

three twelve-digit registers - A, B and C,
the Mill and associated indicators,

a one-digit Sterling Position Register,

a one-digit Decimal Point Register and

a one-digit Row Binary Register.

Arithmetic operations are performed on numbers held in Registers A, B and C. Program
instructions are available for transferring numbers between the registers andI.A.S. and for carrying

out the arithmetic.

Register A is the link between I.A.S. and the arithmetic unit. On completion of a transfer to
or from I.A.S., Register A contains the same number as the specified word of I.A.S. Register A
is also used when instructions are transferred from I.A.S. to the control registers to be obeyed.
It should therefore be noted that when control is transferred from one word of program to the next,

the contents of Register A are destroyed.

Arithmetic operations are usually carried out between Register B and a word of I.A.S. For

example, during addition , the sequence of operations is as follows:

The contents of the I.A.S. location (word) specified in the add instruction are transferred to
the arithmetic unit via Register A and are added in the Mill to the contents of Register B.

According to the add instruction given, the result is placed either in Register B or in the I.A.S.
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location from which the word originated. In the latter instance, the result is also left in Register

A and the contents of Register B are unaffected.

The only arithmetic operation in which Register C is used is multiplication and the process

is explained under ""Multiplication.

For the instructions described in this part of the manual, the contents of Registers A, BandC
may be assumed to be unalteredunless otherwise specified. In particular, the contents of a register
are unaltered when they are transferred to another register or to a word of I.LA.S. A complete
summary of instructions is given in Part 6 together with a chart showing which registers are
involved when an instruction is obeyed.

The Mill accomplishes addition digit by digit, commencing with the least-significant digit.
Decimal or sterling carries are delayed and are added in with the next (more significant) digit.
Althougha word may containup to 15 in one digit position, it is not normally advisable to give instruct -
ions for such numbers (10 to 15) to pass through the Mill. Associated with the Mill are indicators
that can be tested to ascertain whether the last number to pass through the Mill was positive,

negative or zero.

The Sterling Position Register, Decimal Point Register and Row Binary Register are discussed

in detail later in this part of the manual.

TRANSFER INSTRUCTIONS 2.2

Transfer instructions move data between I.A.S. locations and registers or from one register
to another without the data being processed arithmetically. As data transferred by-pass the Mill,
the Mill Indicators are not affected.

Function 37 2.2.1
Effect Transfers the contents of the specified location of I.A.S. to Register B.

Operation The content of I.A.S. location overwrites the previous content of Register B.
The data reach Register B by way of Register A and thus Register A also contains the contents now

in Register B. The contents of I.A.S. remain unaltered.

J Vv l v 1' Jr
C Register A

C Register B
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Example  Transfer word 42 of block 11 to Register B.

Instruction D F A R
|37 | o042 |1f_
Before After
LLA.S. gl|ofojofojo|O(B|7{9(4](1 LLA.S, ofo|jo(o|0|O|O|5|7|9(4(1
Register A ofofjo|o|0j0|1|4|7|6|8(2 Register A 0|0(0|0[0f0O|0]|5|7|9]4]|1
Register B olofo|o|ofo|o|0|0]|5]|6(3 Register B 0]0])0|0]|0]0|0[5|7(9]4]|1

Notes As data being transferred by-pass the Mill, digits from0 to 15 in any positionof oneI.A.S.

word can be transferred without mutilation.

Function 40 2.2.2
Effect Transfers zeros to all positions of a specified word of I.A.S.
Operation The contents of the specified location in I.A.S. are overwritten with zeros. As zeros

are formed in Register A and thentransferred to I.A.S., the contents of Register A will also be zero.

I.A.S.

Hi

O == Register A

Example  Word 42 of block 11 is to be zeroized.

Instruction D| F A R
|40 | 0042 | /_
Before After
I.A.S. 0|0|0|0|0|0O|5|8]|9]|4|3]|0 1.A.S. o(o(0|0|0|O|Of0O]O|Of0O|0O

Register A o|0|0|0|0Of0OjO]0OjO|0Of0O]O

[=)
o
o
o
[=}
=}
o
m
[=2]
-
N=)

Repgister A

Notes Zeroizing of words of 1. A.S. will be necessary only in certain instances, sueh as where

I.A.S. has been holding group accumulated totals and needs to be zeroized after each group.
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Function 41 2.2.3

Effect Transfers the contents of Register A to a specified word of 1. A.S.

Operation The contents of Register A overwrite the previous contents in the specified location

of L.A.S. The contents of Register A remain unaltered.

I.A.S.

Hit
e

Example If it is necessary to transfer the contents of an I.A.S. location to some other location

of I.A.S. while adding it to Register B, then a 41 order may be used as shown.

Program 1 D| F A R

37| ooug |17

62 | 0025 |17

X+ ] = et i

&1 | ootg |23

A s a
Before After second instruction in word X
Word 49 Block 17 ololololololol6lgl4l3]2 Word 49 Block 17 olo|lololololol6l9]4 3|2
Repgister A olojlojolo|l0|0]7|1{5|6|8 Register A 0|0|{0|0]0]0|0]|6[9|43]|2
Register B o|o{o|0f0jojol8(4]3]8|0 Register B 0[0[{0]0|0]0|0|6|9|4] 3|2

After instructions in word X+1

Word 25 Block 17 0)|0|0|0|0|0|0|0|0O|5 9|4
Word 19 Block 23 0|0|0|0|0|0|0|O|0O|5/9|4
Register A 0|0j0|0|0|0|0O|0O|0O|5|9|4
Repgister B ofolojlolojo|o|7[0f0|2|6

In the section of program above, word 49 of block 17 is transferred to Register B. Word 25
of block 17 is added to the contents of Register B and is also stored in word 19 of block 23. The
41 instruction effects the transfer of the contents of Register A to word 19 of block 23 thereby

saving a special transfer instruction to Register B.
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It must be noted that this will work only if the 41 instruction is the least-significant part of the
instruction word. The contents of Register A would have been destroyed if control had been passed

to the next word.

Notes The most common use of function 41 isto store the returnjump instruction from a sub-

routine. This is discussed fully in Part 3.

On completion of aninstruction the contents of Register A are oftenuseful and the use of function

41 should be kept in mind during programming.

Function 42 2.2.4
Effect Transiers the contents of Register B to a specified word of I.A.S.

Operation The contents of Register B are placed in Register A and thence overwrite the previous

contents of the specified location in I.A.S. The contents of Register B are preserved.

I.A.S.

?M J

Register A

( Register B g

Example It may be necessary to transfer Register B to LA.S. temporarily while performing

calculations on other factors, calling upon the original contents of Register B later. To perform
the calculation (a + b) x (c + d) = e, firstly (a + b) will be calculated and the result temporarily
stored using the 42 instruction. Secondly (c + d) is calculated, and finally by bringing (a + b) out

of I.A.S. the multiplication can be performed.

1 Dl F A R NARRATIVE

o |--|34|.eei2 (/12 L.
62| cora |r2 (a+b)

/|-l #2&|.eel7 |2 Temp Store (av®

' 27| 00i3 | i3 c

2 |-|e2leeis |3\ Nlrd)
69| 0017 |72 (a+5) % (c4d)

2 | |ez|ooe 2| e
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Function 43

Effect Transfers the contents of Register C to a specified word of 1.A.S.

Operation
contents of the specified location in I.A.S. The contents of Register C are preserved.

Register A

( Register C —9

Transfer the contents of Register C to word 42 of block 11.

2.2:5

The contents of Register C are placed in Register A and thence overwrite the previous

Example

Instruction D F A R

|43 | o042 |/l

Before After
I.A.S. olojojoj0j0(0|7[9(8|L|2 I.A.S. o/ojojojofo|o 7
Register A ofojlojojlo|ojo|o|8|2|5]1 Register A ojoj0jojojOjO 7
Register C ojo|ojojojo|o|5/3|7]|8|4 Register C ojojojojoj0j0|5{3]7]|8|4
Notes The only occasion, other than on input, that Register C is used is when performing
multiplication. The product is left in both Registers B and C at the end of a multiply function;

it is possible to use function 43 as an alternative to function 42 when storing the product in I.A.S.

Function 44

Effect Transfers the contents of Register C to Register B.

Operation
The contents of Register C are preserved.

6 Part 2

2.2.6

The contents of Register C are placed in, and overwrite, the contents of Register B.
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Register B

( Register C

Example

Instruction D| F A R

| %% | 0000 |00

Before After
Register B ojojojojoj0|0|5]1]|4]|6(2 Register B 0|0jojojo|OfO|0O(2|5]|9(3
Repister C glo|jojolo|0|0f0|2|5|9]|3 Register C 0|0[0]0]|0[0]0|0|2|5(|9]|3
Note Register A is notusedduring this function,
Function 45 2.2.7
Effect Transfers the contents of one block of consecutively numbered locations in I.A.S.

to another such block in 1.A.S.

Operation A specified block of up to 20 words is transferred via Register A to overwrite
another specified block of consecutive I.A.S. locations. The last word in the block transferred
will be preserved in Register A but will always be overwritten during the change of control to the

next word. Both I.A.S. blocks contain the same data when the function is completed (see Notes).

1.A.S.

A A A

YVvyv
jp. Register A ‘j
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Instructions using function 45 are double-length and take the form:-

| D| F A R

x  |9]45|abed |Ri

0| xy|pgrs |R>

where al::ccl/R1 is the lowest numbered source address, pqrs/R2 is the lowest numbered destination
address and xy is the number of words in the block to be transferred, which must lie in the range
1 to 20.

Example

The instruction: i D| F A R
o| 45| ooro |r2
O|/5 | oloo |/g

transfers 15 words from addresses 0010, 0011, 0012..... 0024 of block 12 to addresses 0100, 0101,
0102 ..... 0114 of block 16.

Notes If the two relativizer reference numbers E‘.1 and R2 are the same, they shouldbe written

in both places.
The previous contents of Register A are destroyed by this instruction.

If the two areas of storage between which the transfer is made do not overlap, then at the
conclusion of the instruction both areas contain the information originally held in the source area.
If the areas overlap, incorrect transfers can be obtained and to ensure correct transfers, they
must be made from higher-numbered locations to lower-numbered ones, bearing in mind that

absolute, not relative, addresses must be considered.

Example
INCORRECT TRANSFER

Contents of
destination address
after transfer

Order in which Source Contents of Destination
transfer is made |absolute address | the source address absolute address

1 0 115 1 115
2 1 125 2 115
3 2 135 3 115
4 3 145 4 115

This is obviously not a correct block transfer, although this property could be useful in zeroizing

an area of ILA.S.
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CORRECT TRANSFER

Contents of
destination address
after transfer

Order in which Source Contents of Destination
transfer is made |absolute address | the source address | absolute address

1 101 321 100 321
2 102 16 101 16
3 103 143 102 143
4 104 92 103 92

This example demonstrates that the correct block transfer is achieved,

DECIMAL ADDITION AND SUBTRACTION 2.3

The decimal addition and subtraction instructions and the equivalent instructions described
later under sterlingaddition and subtraction (Section 2.4) cause datato be processed in the Mill and
therefore affect the Mill Indicators. Figure 4 is a summarized form of the schematic diagrams

shown for each instruction under heading, Operation,

I.A.S.
a
\
Functions
Repgist A o=
64 to 68 greter \
N
Y, Functions Functions 62 to 65 & 68
Register B
60 to 63
1 Functions
66 & 67
A 0 |Functions
60 & 61
\ Mill =
+ - |-

Figure 4: THE MILL INDICATORS AND FUNCTIONS 60 TO 68
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Function 60 2.3.1
Effect This function CLEAR ADDS the contents of a specified location of I1.A.S.into Register B.

Operation The specified I.A.S. word is put in Register A, added to zero in the Mill and
the result placed in Register B. At the conclusion of the instruction the contents of Register A

will be the original I.A.S. word. The contents of the I.A.S. location are unaltered.

I.A.S.

PHEbEE
(Crems

Register B

== (

Example To convert pence held in one position of I.A.S. to pence in two positions, a digit can

be mutilated to some purpose by the 60 function. Assume that position 12 of word 19 of block 25

holds 11d. After the instruction D] F A R

37| oorg |25

Register B contains IO|0‘0|0|0|0‘0|0'0[0]0111'

If however the instruction D] F A R

60| 00/9 |25

is used, then

Before . After
I.A.S. o|ofojolo|o|o|o|o|0]|0|11 I.A.S. olojofo|o|o|o|ojo|ofo|Ly
Register A o/o{ojo|0|0O|0D|0|2|4|5(9 Register A 0oj0|0|0|0O|Of0O|0O|0O|0O]0O|1]
Register B ololo|olojo|o|5]6|4|9][6 Register B ololojolojolojolojo|l]l
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Notes As shown the functionis similar to function 37, the essential difference being that function
60 uses the Mill and therefore alfects the Mill and Overflow Indicators. Because it uses the Mill
the instruction mutilates any digit greater than 9 in any one digit position by subtracting 10 from

the digit and carrying 1 to the next most-significant digit.

It is normally good practice to employ a 37 function when a transfer to Register B is required

unless the special properties of a 60 function are needed.

Function 6l 2.3.2
Effect This function CLEAR SUBTRACTS the contents of a specified location of 1.A.S. into
Register B.

Operation The specified 1.A.S, word is put in Register A, subtracted from zero in the Mill
and the result placed in Register B. At the conclusion of the instruction the contents of Register A

will be the original I.A.S. word. The contents of the I.A.S. location are unaltered.

I.A.S.

YVV j
C Register A —j

Register B

—

[l ()

Example  Clear subtract word 19 block 25,

Instruction D| F A R

| 6f_|. 0019 |25

Before After
I.A.S. DUOOOOOUVEVSZ*} I1.A.S. o|0fjo|ojo|Of0|0j0|8|2|4
Register A DOUDQ__Q_064892 Register A 900000‘000824
Register B 0|0{0j0|0j0O[0j4]7|8|3]1 Register B 919191919(9(9(9(9|1|7|é

The result in Register B is the tens complement of 824,
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Function 62

2.3.3

Effect ADDS a specified word of I.A.S. to the contents of Register B and places the result in

Register B,

Operation

The specified I.A.S. word is put in Register A, added in the Mill to the contents of

Register B and the result placed in Register B. At the conclusion of the instruction the contents

of Register A will be the original I.A.S. word.

Example

I.A.S.
Repister A
Register B

12

The I.A.S. word is unaltered.

I.A.S.

!

Register A

Register B

+ 4__)

Instruction D| F A R
| 62| 0019 _
Before
0|00 4 I.LA.S.
0|1|2]4 9 Register A
ofo|o 5(3 Register B
Part 2

Add 824 recorded as word 19 block 25 to 7453 contained in Register B.

After
0|0 0(8|2
0|0]|0 0|8
0j0o|0 B|217|7
3165(2.64)



Function 63 2.3.4

Effect SUBTRACTS a specified word of I.A.S. from the contents of Register B and places the

result in Register B.

Operation The specified I.A.S. word is put in Register A, subtracted in the Mill from the
contents of Register Band the difference placed in Register B. At the conclusion of the instruction

the contents of Register A will be the original I.A.S. word. The I.A.S. word is unaltered.

~

Register A j

Register B

. sal

Example  Subtract 421791 recorded as word 17 block 19 from 1924298 contained in Register B.

Instruction (D F A R

63 | oory /9

Before After
T1.A.S. 0|0{0|0|0]0|4]2|1]7]9]|1 1.A.S. 0]0[0]0]0)0142]1]7|9|1
Register A 0|0/0|0/0/0|0O[0O|O]jO|O|O Register A ojolo|o|ojOj42)1]79|1
Register B |0]0]0]0jo/1]9]2|4]2[9]8 Beedale olo|o|o|o|1]5|0|2|5|0]7

Alternatively if 1924298 is recorded asword 17 block 19 and is subtracted from421791 contained

in Register B the result is the complement or minus 1502507,

Before After
I.A.S. 0{0|0|0|0|1[9]2|4[2]9]|8 I.A.S. 0(ofojojof1|9|2|4|2]|9|8
Register A 0/0|0/0/0|0|0j0|0{0l0|0O Register A 0|0|0|0j0]|1|9|2]4]2|9|8
Register B 0|0|0|0|0j0]4|2/1|7 9|1 Register B 91919(9|9/8(4]9[7(4/9]3
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Function 64 2.3.5

Effect This function ADDS the contents of Register B to the contents of a specified location of
LA.S. and places the result in that location,

Operation The specified 1.A.S. word is put in Register A, added in the Mill to the contents of
Register B and the sum placed in the specified I.A.S. location by way of Register A. Thus on
completion of this function Register A will also contain the result, which may be useful in certain

cases. The original contents of Register B remain unaltered.

(b Register A j

( Register B

=

Example Add 6543 in Register B to 58216 recorded as word 17 block 19.

Instruction DI F A R

é4| oor7 |19

After
ILA.S. of(ojo|0|0O(0|0O|5|8|2|1|6 I.A.S. ololololololo 71519
Register A gjcjojojojojojojojojo|o Register A olofojo|ojo|0|6(4|7]|5(|9
Register B olojojo|ofojolo|6|5]4(3

Register B ofojojojofo|0]O]|6(5]4]|3
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Function 65 2.3.6

Effect This function SUBTRACTS the contents of Register B from the contents of a specified

location of I.A.8S. and places the result in that location.

Operation The specified I.A.S. word is put in Register A, subtracted in the Mill irom the
contents of Register B and the difference placed in the specified I.A.S. location by way of Register
A. Thus on completion of this function Register A will also contain the difference. The original

contents of Register B remain unaltered.

/y Register A —\

( Register B

Example  Subtract 6543 in Register B from 58216 recorded as word 17 block 19,

Instruction D F A R

65| oo17 |19

Before After
ILA.S. olojo|o|of0o|0O|5(|8|2]|L |6 I.A.S. o|loj0|0|0OfO|O|5|1[6|7|3
Register A o(oj0|0|O|O|O|0O|0O|0]|0O]|0O Register A ojo|0j0O|O|O(O|B|1|6]|7|3
Register B o|ojoj0|O|O|OfOf6|B|4(3 Register B o|o|(0jo|O|DO|O|O|6(5(4](3
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Function 66 2.3.7

Effect This function ADDS 1 (one) to the least-significant position of the I.A.S. word specified

in the instruction.

Operation The specified I.A.S. word is put in Register A, 1 is added in the Mill to the contents
of Register A and the sum placed in the specified I.A.S. location by way of Register A. Thus on
completion of this function Register A will also contain the sum. The contents of Register B are

not affected by this instruction.

I.A.S.

i

Register A

=

Example Add 1 to word 12 of block 24

Instruction D| F A R

66| oorz |24

Before After
I.A.S. ojofo|oj0jO|4]1|3[12]9 I.A.S. o|0jo|0|Of0O(4|1|3|1(3]|0
Register A |0/0)0]0/0/0]0[0/0]0]0/0 Register A olojojo|olof4|1|3|1|3]0
Register B 0(0(0|j0|0j0O|OjOjOjO|O]O Register B olo|lo|oflolo|ofo|0o]jOl0]|O

16 Part 2 3165(2.64)



Function 67 2.3.8

Effect This function SUBTRACTS 1 (one) from the least-significant position of the I,A.S. word

specified in the instruction.

Operation The specified I.A.S. word is put in Register A, 1 is subtracted in the Mill from the
contents of Register A and the difference placed in the specified I.A.S. location by way of Register
A. Thus on completion of this function Register A will also contain the difference. The contents

of Register B are not affected by this instruction.

I.A.S.

A A A
\ A A

Register A

Example Subtract 1 from word 17 of block 22.

Instruction D F A R

&7 | 0017 |22

Before After
L.A.S. 0,0/0|o|o|o|o]o|o]o|o]o L.A.S. 9l9l9l9/9]9]9]9]9lal9]9
Register A 0/0j0j0[0|O 0 Register A 1919]919/9/9]19/9(9(9/9,9
Register B 0j{p0jojoj0j0j0jO|5]6[4]2 Register B |o|o|ojo|o]o|o|0|5(6]4|2

The result in word 17 block 22 is the equivalent of -1 as is also the content in Register A.
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Function 68

Effect

I.A.S. location, the result being placed in Register A.

Operation

2.3.9

COMPARES by subtracting the contents of Register B from the contents of the specified

The contents of the specified location are placed in Register A, the contents of

Register B are subtracted in the Mill from the contents of Register A, and the difference placed in

Register A. The original contents of both Register B and the 1.A.S. location are unaffected.

Example

L.A.5.
Register A

Register B

18

Compare the contents of Register B with word 17 of block 22.

I.A.S.

iy

(» Register A

( Register B

—

< 4__)

Instruction D} F A R
_| 68| o017 |22
Before
1] 0[{0]0|0[0]5]94 3|1 ILA.S.
0/0/0/00/0|0/ 0|0 00 Register A
0|0|0l0j0j0|0|5|8]7]2]1 Register B
Part 2

After

0j00 9| 4/ 3|1

0[0|0 0710

000 87121
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STERLING ADDITION AND SUBTRACTION 2.4

Special instructions enable sterling arithmetic to be performed. A Sterling Position Register
is alsoprovided which according to its setting ensures that sterling arithmetic is correctly carried
out whatever the positions in a word of the pounds, shillings and pence columns. Thus the pro-
grammer can make best use of the 12-digit word, be it for several decimal places of pence or

alternatively, when working with large values, as many places for pounds as possible.

When sterling arithmetic is performed the computer assumes that the sterling positions
conform to the setting of the Sterling Position Register. It is therefore essential that, before an
arithmetic instruction is given, the 10/- position in the operands concerned is as indicated by the
Sterling Position Register. If the numbers are not correctly positioned they will be mutilated due

to sterling carries being performed on the wrong digits.

The Sterling Position Register indicates the position of the tens of shillings (10/-) digit. Two
digit positions, tens of shillings (10/-) and units of shillings (1/-) are allowed for shillings and
one digit position for pence (excluding decimal positions). 10d and 11d are held in one digit
position. The Sterling Position Register must be set before any sterling arithmetic is carried

out and remains set until it is subsequently reset to another value.

Function 22 2.4.1
Effect Sets the Sterling Position Register according to the two least-significant digitsof the

address in the instruction.

Operation The position of the tens of shillings (10/-) digit is determined by using an address
in the range 0002 to 0013. This determined position will remain set for all subsequent sterling

arithmetic until reset by a further function 22.

Example To specify the pence in position 11 set the Sterling Position Register to 9, indicating

the position of the tens of shillings (10/-) digit. Thus the instruction

D[ F A R
_| 22| 9007 | T_
causes |0‘0‘0‘2‘9i4]6‘211!9‘10\0]
to be operated on as £29462..19..10.0d
Notes It is not permissible to allocate position 1 for the tens of shillings (10/-) position.

It is permissible to set the Sterling Position Register to 13 in which case sterling functions will be
performed as if they were decimal functions. This is useful where a section of program may
sometimes be using sterling factors and sometimes decimal factors, the digit entered by function

22 in the Sterling Position Register enabling the program to operate in either sterling or decimal.
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Function 70 2.4.2
Effect CLEAR ADDS the sterling contents of a specified location of I.A.S. into Register B.

Operation The sterling contents of the specified I.A.S, location are put in Register A, added
to zero in the Mill and the result placed in Register B. At the conclusion of the instruction the

contents of Register A will be the original I.A.S. word. The L.A.S. word is unaltered.

I.A.S.

iy

Register A

~

Register B

—

<G 0

Example Clear add £25..12..10d recorded as word 19 block 25in Register B allowing two decimal

places of pence. The Sterling Position Register is set to 8.

Instruction D F A R

Before After
LLA.S. ofojo|ojojz|5|1l|2(|la0(0 L.A.S. glojao|ojo|z|5|1|z(|la0|o
Register A (0]0]0)0|0]0|0]0]|0]0/0]0 Register A 0lojojojo|2|5|1|2]0/0]|0|
Register B 0/0[{0]|0]|0f0[5{0|8|113|5 Register B ofojofo|0j2(5|1/2]10/0|0
Notes Any decimal number being processedby this function will be mutilated duringits progress

through the Mill as illustrated on the next page.

Example Clear Add 45678 recorded as word 19 block 25 into Register B. The Sterling Position

Register is set to position 10.
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Instruction

Before After
LA.S. ololala]o 0ol4]s|6]7|8 LA.S. ojofofolo]o]o]4]s]s]7]s
Register A 00000|U|000000 Register A p|o|ojo|l0|0|0|4/ 56|78
i
Register 3 [0lo]o/0]a]o]o|o]5]9]2]3 Register B |0|0]0lo]ololol4]6]4]7|8

A 37 instruction is usually preferable to a 70 instruction, unless it is required to set the Mill

and overflow indicators.

Functions 70 to 78 2.4.3

Functions 70 to 78 operate in sterling in the same manner that functions 60 to 68 do in decimal.
Apart from function 70 just described only the function and brief operation details of each sterling

function are given.

Function 7 | 2.4.4
Effect CLEAR SUBTRACTS the sterling contents of a specified location of 1.A.S. into Register B.

Operation The sterling contents of the specified I.A.S. location are put in Register A, sub-
tracted fromzerointhe Mill and the result placed in Register B. At the conclusion of the instruction

the contents of Register A will be the original I.LA.S. word. The ILA.S. word is unaltered.

Function 72 2.4.5
Effect ADDS the sterling contents of a specified location of I.A.S. to the sterling contents of

Register B and places the result in Register B.

Operation The sterling contents of the specified I.A.S. location are put in Register A, added in
the Mill to the sterling contents of Register B and the result placed in Register B. At the conclusion
of the instruction the contents of Register A will be the original I.LA.S. word. The I.A.S. word

is unaltered.

Function 73 2.4.6
Effect SUBTRACTS the sterling contents of a specified location of I.A.S. from the sterling

contents of Register B and places the result in Register B.

Operation The sterling contents of the specified I.A.S. location are put in Register A, sub-
tracted in the Mill from the sterling content of Register B and the difference placed in Register B.
At the conclusion of the instruction the contents of Register A will be the original I1.A.S. word.

The 1.A.S. word is unaltered.

3165(2.64) Part 2 21




Function 74 2.4.7
Effect This function ADDS the sterling contents of Register B to the sterling contents of a

specified location of I.A.S. and places the result in that location.

Operation The sterling contents of the specified 1.A.8. location are put in Register A, added
in the Mill to the sterling contents of Register B and the sum placed in the specified LA.S. location
by way of Register A. Thus on completion of this function Register A will also contain the result,

which may be useful in certain cases. The original contents of Register B remain unaltered.

Function 75 2.4.8

Effect This function SUBTRACTS the sterling contents of Register B from the sterling contents

of a specified location of I.A.S. and places the result in that location.

Operation The sterling contents of the specified ILA.S, location are put in Register A, sub-
fractedin the Millfrom the sterling contents of Register B and the difference placed in the specified
1.A.S. location by way of Register A. Thus on completion of this function Register A will also

contain the difference. The original contents of Register B remain unaltered.

Function 76 2.4.9

Effect This function ADDS 1 (one) to the least-significant position of the sterling contents of

the I,A.S. word specified in the instruction.

Operation The sterling contents of the specified ILA.S. location are put in Register A, 1 is added
to the sterling contents of Register A in the Mill and the sum placed in the specified I.A.S, location
by way of Register A. Thus on completion of this function Register A will also contain the sum.

The contents of Register B are not affected by this instruction.

Function 77 ; 2.4.10

Effect This function SUBTRACTS 1 (one) from the least-significant position of the sterling

contents of the 1.A.S. word specified in the instruction.

Operation The sterling contents of the specified I.A.S. location are put in Register A, 1 is
subtracted from the sterling contents of Register A in the Mill and the difference placed in the
specified I,A.S. location by way of Register A. Thus on completion of this function Register A will

also contain the difference. The contents of Register B are not affected by this instruction.

Function 78 2.4.11

Effect COMPARES by subtracting the sterling contents of Register B from the sterling contents

of a specified I,A.S, location, the result being placed in Register A.

Operation The sterling contents of the specified location are placed in Register A, the

sterling contents of Register B are subtracted in the Mill from the sterling contents of Register A,
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and the difference placed in Register A. The original contents of both Register B and the L.A.S.

location are unaffected.

| D| F A R NARRATIVE

o | -|22|. 0008 | - | |wof fsition - Rsitien8
70 | oour | /9 Clear Add 1.A.5.41 block Q1o Kegister £

¢ |ZEBe |l (A B 1T TS Kepitterd
74| oo1g |19 Add Register 8 Fs .A.S. /7 block (3

> || #2|. 0007 | = | |nf fesition = RsitienT
70 | oouq |16 Clear Ade 1.A.S. 49 block & Fo Register 8

3 ||7B| 004 |16 | |Subtract [AS. 46 block lfrom Register&
74 | 0051 | /e Add Rgister 1o 1.AS.51 black /6

4 |.176|00s! |16 Add (70 IAS. St blockte

Figure 5: TYPICAL PORTION OF PROGRAM FOR STERLING CALCULATIONS

MULTIPLICATION AND THE DECIMAL POINT REGISTER 2.5

Multiplication is performed by a routine built into the computer and can be initiated by a single
instruction. The sequence of operations requires the use of Registers A, B and C and the Mill to
perform repeated additions and subtractions for each digit in the multiplier. The multiplier, which
must be a decimal number, must be in Register B: the multiplicand, either a decimal or sterling
number, must be in LLA.S. and the product will be placed in hoth Registers B and C. The logic for

the multiplication routine is illustrated by the flowchart in Section.2.5.10.

Multiplication can be either
Decimal x Decimal = Decimal (Function 69)

Sterling (Function 79).

or Sterling x Decimal

Decimal places can be accommodated and multiplication of negative multipliers and multiplicands
canbe performed. Multipliers and multiplicands should not contain a digit other than 0 or 9 in the
signposition (position 1) nor should they consist of a word of all zeros except for a nine in the most
-significant position.

The digit positions of both multipliers and multiplicands should not contain values greater than

9 except for 10 or 11 held in the pence position of a sterling multiplicand.

Various examples are given after the functions for multiplication and setting of the Decimal

Point Register have been described.
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Decimal Multiplication 2.5.1

Although a 24-digit (double-length) product is theoretically produced within the computer,
only twelve digits of the product are held at any one time, therefore twelve digits are available as
the result, the selection of which twelve being determined by the setting of the Decimal Point Register

(see 2.5.5).

Function 69 2.5.2

Effect The contents of a specified location of I.A.S. are multiplied by the contents of Register

B. The twelve-digit product is placed in Registers B and C.

Operation The operation which is automatic is detailed in Section 2.5.10. The twelve-digit product
formed in Register C is also placed in Register B. During multiplication and at the conclusion of
the multiply instruction the specified word of 1.A.S. (the multiplicand factor) remains unaltered.

The previous contents of Register A are destroyed.

I.A.S.

bt
C Register A j\

Register B 1'\

(b- Register C j\
T pl,

| X

\

Notes This function causes data tobe processed by the Mill and consequently, depending on the

resultant product, the Mill Indicators and the Overflow Indicator may be set.

As the time taken to perform multiplication largely depends on the number of digits in the

multiplier it is normally advantageous to position the smaller factor in Register B.

Sterling Multiplication 2.5.3
Before attempting to perform sterling multiplication ensure:
{a) that the sterling factor, the multiplicand, is in the specified location of I.A.S.,
(b) that the decimal factor, the multiplier, is in Register B,
{c) the Sterling Position Register is correctly set by using function 22.

Unless (a) and (b) are conformed to, the multiplication routine may enter a closed loop.
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Function 79 2.5.4

Effect The sterling contents of a specified location of 1.A.S. are multiplied by the decimal
contents of Register B. The twelve-digit product is placed in Registers B and C.

Operation The operation whichis automatic is detailed inSection2.5.10. The twelve-digit sterling
product formed in Register C is also placed in Register B. During multiplication and at the con-
clusion of the multiply instruction the sterling contents of the specified location of I.A.S. (the

multiplicand) remain unaltered. The previous contents of Register A are destroyed.

Notes As indecimal multiplication, data is processed by the Mill, thus the Mill Indicators and
the Overflow Indicator are affected by the product.

The tens of shillings position of the resultant product will be the same as that of the multiplicand

factor.

The Decimal Point Register 2.5.5

The Decimal Point Register is a one-digit subtraction counter which may be set by program to
any value from Oto12. During multiplication, pulses are automatically fed to the counter and cause
it to count down and feed a signal to control multiplication. Thus the setting of the Decimal Point

Register is used for scaling during multiplication to produce the correct result.

As stated earlier, although the multiplication of two twelve-digit numbers results in a 24-digit
product, only twelve digits can be formed in Register B. To determine which twelve of the 24
digits shall be retained divide the 24-digit product by 10" where n is the number entered in the
Decimal Point Register thus losing digits from the least-significant end. The twelve least-signifi-

cant digits of the result are now taken as the final product.

When performing decimal arithmetic, n corresponds to the number of digits to be lost from

the least-significant end of the 24-digit product. For example consider
000000004321 x 000000000005
= 000000000000000000021605

if the Decimal Point Register is set to 3 the product is divided by 103 (1, 000) giving
000000000000000000000021.  As only the twelve least-significant digits remaining can be formed
then the result registered is 000 000 000 021.

When decimal numbers are held in the computer any decimal points exist only in the mind of
the programmer and are not physically recorded in the registers. If in the multiplication shown
above, the factors comprised .4321 x .5 the product would be .21 (605). The assumed decimal
point after position 8 of the multiplicand is moved to after position 10 in the product. This could

be a useful technique if the result is required to a specified number of decimal places.

If the Decimal Point Register is set to the number of decimal places in the multiplier word,

thenthe decimal point is in the same position in the resulting product as it was in the multiplicand.
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Consider again 000 000 004321 x 000000000005 representing .4321 x .5.
Set the Decimal Point Register to 1 as the number of decimal places in the multiplier is 1.

In the resulting product 000 000 002 160 there are effectively four decimal places with the

decimal point after digit position 8 as it was in the multiplicand.

When sterling numbers are held in the computer, the positions of the sterling components are
determined by the setting of the Sterling Position Register. In effect, this means that the decimal

point is also fixed, being located after the pence position to denote decimals of pence.

When performing sterling multiplication, it is therefore apparent that the Decimal Point
Register must be set to the number of decimal places in the multiplier to ensure that the decimal

point is in the same position in the resulting product as it was in the multiplicand.

If £472.14.9 x 0.00429 is to result in £2.00.6 (to nearest penny below) with the Sterling Position
Register set at 10 then the Decimal Point Register must be set to 5. Failure to set the Decimal

Point Register will cause, in effect, £472.14.9 x 429 resulting in £202, 804.07.9.

The rules for setting the Decimal Point Register may be summarized as follows:

Decimal x Decimal - Decimal Point Register setting Number of digits to discard from

least-significant end of product.

Sterling x Decimal - Decimal Point Register setting

Number of decimal places in

multiplier word.

Function 21 2.5.6

Effect Sets the Decimal Point Register according to the two least-significant digits of the

address in the instruction, which are in the range 00 to 12.

Operation The Decimal Point Register must be set by function 21 immediately prior to the
multiply instruction, thus ensuring that during the automatic multiplication routine actuated by
functions 69 and 79 the correct number of shifts take place. The Decimal Point Register is auto-

matically set to zero when the multiplication has been completed.

If the Decimal Point Register is set and the multiply instruction does not occur until some
time later, then the register will be reset to zero by the next instruction (see Example 2). An
exception to this rule occurs if an instruction with designation 4, 8 or 9 or a function 00, 11, 22,

38, 39 and 80 to 87 is interposed between the 21 and 69 or 79 instructions.

Example | Set Decimal Point Register to 4.

Instruction I D| F A R

X Zl | _ooo4 | —
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Example 2 Set the Decimal Point Register to 4 prior to performing decimal multiplication.

Correct Instructions Incorrect Instructions
1 D} F A R | D| F A R
X |--|37]|. @123 |27 X  |--| & |.goo% | -
2/ | ooog | - 27| 0723 |27
oz 27 b O/24 |27
)(-\-I - _6_‘?_ ____._.‘_,.- Tl X_'_l i __9_ ______ S -

The incorrect set of instructions causes the Decimal Point Register to be reset to zero by the

37 instruction before multiplication takes place.

Note The programmer must ensure that the setting of the Decimal Point Register will not

cause vital non-zero digits to be lost from the most-significant end.

Decimal Multiplication Examples 2.5.7

Example |
Multiply the decimal contents of 1.A.S. 14 block 23 by the decimal contents of
I.A.S. 15 block 23 and store the result in
I.A.S. 16 block 23

Instructions I D F A R NARRATIVE
x |-|37|.001s (23| | Transfer /AS. to Register &
2! | oo?? | — Set Decimal Bint /Peg.r'séer‘
K41 1= 67| 0914 |23 Mualtiely
42 oole |23 Store 1 L.A.S.
Word 14 block 23 000, 000, 123, 456

Word 15 block 23 x 000, 000, 999, 999
= 000, 000, 000, 000, 123, 455, 876, 544

The digit in the Decimal Point Register determines the position and accuracy of the product in

Registers B and C and consequently in I,A.S. 16 block 23.
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Decimal Point Register Product in Register B and Register C

0 123, 455, 876, 544 (sets Overflow Indicator)
1 012, 345, 587, 654 (4)

2 001, 234, 558, 765 (44)

3 000, 123, 455, 876 (544)

4 000, 012, 345, 587 (6544)

5 000, 001, 234, 558 (76544)

6 000, 000, 123, 455 (876544)

7 000, 000, 012, 345 (5876544)

8 000, 000, 001, 234 (55876544)

9 000, 000, 000, 123 (455876544)
10 000, 000, 000, 012 (3455876544)
11 000, 000, 000, 001 (23455876544)
12 000, 000, 000, 000 (123455876544)

The digits in brackets are those which are lost as a result of the content of the Decimal Point
Register. There are no decimal places in the multiplier therefore a setting of 0 locates the

decimal point in the same position as it is in the multiplicand i.e. after digit 12.
The original contents of I.A.S. 14 block 23 and I.A.S. 15 block 23 are unaltered at the completion

of the instructions.

Example 2 Multiply the decimal contents of I.A.S. 52 block 41 by the decimal contents of I.A.S. 76
block 59 and store the result in I.A.S. 48 block 17.

Instructions | D| F A R NARRATIVE
X |-.|37| 0076 |59| | Transfer £A.S. to Kegister &
21| oore | - Set Pecimal Point AKegister
00 .

s |le2| ooz at| | mtior,

43| 0048 |17 Transfer(from Fegrster Q) [LAS,
Word 76 block 59 0.050, 000, 000, 00
Word 92 block 41 x 0.300, 000, 000, 00

00.015, 000, 000, 000, 000, 000, 000, O
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Decimal Point Register Product in Register B and Register €

0-17 000, 000, 000, 000
8 500, 000, 000, 000
9 150, 000, 000, 00D
10 015, 000, 000, 000
11 001, 500, 000, 000
12 000, 150, 000, 000

In this example any digitbetween 0and 8 set in the Decimal Point Register will cause significant
product digits to be lost. A setting of 11 locates the decimal point in the same position as it is in

the multiplicand i.e. after position 1.

Example 3
0o0o, 000, 000, 123
X 000, 000, 000. 005
= 000, 000, 000, 000, 000, 000, 000.615
Decimal Point Register Product in Register B and Register C
0 000, 000, 000.615
1 0, 000, 000, 000.61
2 00, 000, 000, 000.6
3-12 000, 000, 000, 000

Assuming that it is necessary to have the result with one decimal place, then 2 will be set

in the Decimal Point Register.

Sterling Multiplication Example 2.5.8
Example Multiply the sterling contents of I.A.S. 19 block 24 by the decimal contents of LA.S. 24
block 39 and store the sterling result in I.A.S. 92 block 17. The tens of shillings in the sterling

factor is in position 6.

Instructions I D| F A R NARRATIVE
x || 37|, 0024 |39 | | TransFer multiplier fs Register & _
2/ | 00?? | — Set Decimal Foint Kegisker
s | |22| 0006 | - | | Set Sterling Fosition Register
79| 0019 |24 Multiply
0092 Store /n lAS.
s | 42| 0092 | 17| |Stereimras.

05, 437.18.4.0000
x 000, 000, 000, 008
= 00, 000, 000, 000, 043, 503.06.8.000, 0
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Depending on the digit entered in the Decimal Point Register before multiplication there would

appear in Registers B and C, and consequently LLA.S, 92 block 17, the following:

Decimal Point Register Product in Register B and Register C
0 43503.06.8.0000 (=~ 100’) (sets Overflow Indicator)
1 04350.06.8.0000 (= 10h)

2 00435.00.8.0000 (= 10%)
3 00043.10.0.8000 (< 10%)
4 00004.07.0.0800 (= 10%
5 00000.08.8.4080 (= 10%)
6 00000.00.10.4408 (= 108
7 00000.00.1.0440 (8) (=107
8 00000.00.0.1044 (08) (= 10%
9 00000.00.0.0104 (408) (= 10°)
10 00000.00.0.0010 (4408) (= 10'0)
11 00000.00.0.0001 (04408) (= 10'1)
12 00000.00.0.0000 (104408) (= 10'2)

I the multiplier had been 0.08 then a setting of 2 in the Decimal Point Register would have

given the correct result.

The product (with 10/- in position 6) will be in both Registers B and C on completion of the

multiply instruction and therefore canbe storedinI.A.S. 92 block 17 with either a 42 or 43 instruction.

Negative Factors in Multiplication 2.5.9

Example Multiply the decimal contents of I.A.S. 196 block 37 by the negative decimal contents
of I.LA.S. 43 block 38 and store the negative result in I.A.S. 47 block 38.

Instructions 1 D| F A R
X |-|37|.0043 |38
69 (0196 |37
; oo4ud
x_i_' s _‘tz_ ______ “—gg

000, 000, 000, 129
x 999, 999, 924, 926  or effectively X (- 75074)
999, 990, 315, 454 = - 0684546

The Decimal Point Register is set to zero.
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The reader may satisfy himself that similar negative multiplications can be performed when:
(a) the content of the multiplier is negative, or
(b) the content of the multiplicand is negative, either producing a negative result, or

(c) both the contents of the multiplier and of the multiplicand are negative thereby producing a

positive result, or

(d) the above when the contents of the multiplicand are sterling.
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Multiplication Logic 2.5.10

Narrative

1

32

To commence the multiplicand is in LA.S. and the multiplier is in Register B; this stage is

achieved by the program.

This and following stages are all automatically achieved by the built-in routine.

(a)
(b)
(c)

(a)
(b)
(c)

(a)

(b)
(c)

Unsetting indicator X.
Multiplicand is put in Register A from the I.A.S.

Put zeros in Register C which is used to accumulate the product.

The content of Register A is added to that of Register C, the sum being placed in Register C.
Indicator X is set.

The content of Register B is reduced by one.

The content of Register A is subtracted from Register C the difference being placed in
Register C.
Indicator X is unset,

The content of Register B is increased by one.

The content of Register A is multiplied by ten.

(a)
(b)

The content of Register C is divided by ten. Sign is propagated at the most-significant end.

The Decimal Point Register is counted down by one.

The content of Register B is divided by ten. The sign is propagated at the most-significant end.

The accumulated product in Register C is transferred to Register B.

At the conclusion of the multiply function the multiplicand is still in I.A.S. The product is in

Repgisters B and C. The original contents of Register A are mutilated.
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Flowchart

a) Unset Indicator X
2. b} Transfer 1.A.S. to Register A.
¢} Zeroise Register C.

>

Test if least-significant digit
ol Register B equals zero.

Equals
Zero

Test Decimal
Point Regisler

Test if least-significant
digit of Register is
grealer than four

Yes; greater
than four

No; less
than {five
5 Multiply Register Test if least-significant
. A by ten, digit of Register B is
equal to five,
No; greater
(a) Divide Register C by ten Five than five

6. (b) Subtract one from
Decimal Point Register

Yes
Is Indicator X set =

Divide Register B
by ten

y

{z) Add Register A to Register C (a) Subtract Register A [rom Register C
3. (b) Set Indicator X 4. | (b) Unset Indicator X
Subtract one from Register B (¢) Add one to Register B

Yes; equals
zero

Is Register B
reduced to zero

No; not equal
to zero Test Decimal

Point Register

Transfer Register C
to Register B,
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LOGICAL FUNCTIONS 2.6
The two functions 35 and 36 are termed Logical AND and Logical OR respectively. The logic

of AND is:
lst Input

(a) 0ANDO=0
() 1ANDO =0
() 0AND1=0
d 1AND1=1

Output

g

2nd Input

An AND device.

It is apparent that an AND device comprising two inputs must have a 1 at both inputs before a
1 will appear at its single outlet. The only time a 1 would be available at the output of the device

illustrated above would be condition (d) 1 AND 1 = 1.

The logic of OR is: Condition

b OR c OR d
(a) OORO=0 1 T B
(b) 1OR0=1 I 0 I el
() OOR1=1 oR on o y
(d 10R1=1

I’
Q 1 1 S
2nd Input

An OR device.

As shown an OR device will have a 1 available at its output when a 1 is entered at either input

or both inputs, i.e. conditions (b), (c) and (d) but not (a) cause a 1 to be available at the output.

This concept can be applied to data in the computer by inspecting the binary coded represent-
ation or bits of the digits within a word. Thus those bits which match as shown in the logic above
will be available in Register B at the conclusion of an instruction. Therefore logical functions are
used when it is required to refer to parts of words rather than the complete word. A part may
consist of several digits of a word or simply one or more bits which make up a single digit. When
using logical functions it is important to remember the binary coded representation of the digits

within a word.

Function 35 2.6.1

Effect Causes the operation of Logical AND to be carried out betweenthe contents of Register

B and the contents of a specified location of I.A.S, on a bit-for-bit basis.,

Operation A number held in the specified I.A.S. location is put in Register A. Logical AND
of the contents of Registers A and B then takes place in the Mill and the result is placed in Register
B. At the conclusion of the instruction the contents of Register A will be the original 1.A.S. word.

The I.A.5. word is unaltered.
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I.A.S.

§1}
T

Register B

AND

Examples I 2916359874 is contained in LA.S. 15 block 12 and 4174322861 is contained in
Register B, then at the completion of function 35 the registers andI.A.S. 15 block 12 will stand thus.

I1.A.S. 0|0f{2[9]|1]|6]3]|5]/9|8|7]|4

Register A |0|0[2(9]1]|6(3]|5|9]|8/7|4

Register B olojoj1|1{4|3]|0[0|8]6]0

A study of the binary representation will clarify this.

Word 15 Block 12 £ r_’f'f!“'{::f CoLe lo "‘(‘P""( 2
olo|z|9|1]6]3]|5]9l8|7]|4 A dofiet e
ololo|1{t]ofr|{L{r]|ofLjo]| ! %
ocloj1lfofofrjr|ojojoO|l}i0 2
o|ojlojojofL|jojl|otO|L]L 4
ojojofl{o|o|ofO|1]|1{0]|O 8

Register B
olo|4|1({7]|4(312]|2|8]|6(!
olojojl|tjoil|jofojolo|L 1
gfofojofrjojL|L{1io}Ll |0 2
olof1f{of1|1]O|O|O|O|L]O 4
o|ojojofolo|ofofO]l]0]|0 8

Result in Register B
ojojolLr|1}4(3[o|o|8|6]0
ofo|o|r|{1]|oj1|Oo|O(OlO(O 1
o|ojo|olojo|L|ojO|O|L |0 2
glo|ofo|oli|o|ofofO|l |0 4
ojojojofo|o]ofo]Oofl|OjO 8

Three further examples of the use of this function are given although it has many varied

one-off uses to which it may be put.
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1 MASKING TO EXTRACT PART OF A WORD OF L.A.S.
Word 19 of block 14 contains unwanted data in positions 1 to 6, the data in position 7 to 12 is

required in Register B.

Instruction | Dl F A R p
I
4 f
O R ETANCETLE VS S
/
35| 0021 /6 e i e
X+l |-\ e
Before After
I.A.S. 21 Block 16 lo|0|olol0|0‘15‘15l15|15’15|15| I.A.S. 21 Block 16 |0|0|0]0|o|ofi515151501515
ILA.S. 19 Block 14 |5/6|4{9|3|2]|1 G| 84| 7|8
or Register A 0{0]0|0|0[0f15]1515]L5]15|15
Register B 0jojojofofo|1|6[8|4| 7|8
oloj0jojOfO|L|{L1|1|1f1]1]} 1
gjojofojo(of1|1|1f1{111( 2
olofofa|jofofL|L|1|1{1|1]| 4
0|0j0|0|0OJO{1|1|1|1|1]1]| 8

[.A.5. 19 Block 14 |5‘6|4‘9|3I2|1’6J8’4|7’3|

Only the matching binary digits for each position arrive in Register B.

2 MASKING TO EXTRACT AN ADDRESS
Mask constants can be used to extract the address from an instruction. An example of this
use would be where the instruction tests an indicator, as in this case the address has 4000

added to it. The 4000 can be subsequently removed by using a mask as below

either [0|0|3|15’15]15]0’o|o|o|o|o|

or |0fo|o|o[0|o|o|o|3]15{15l15|

depending on whether the instruction tobe maskedis in the most-significant or least-significant

half of the word.
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3 ODD/EVEN NUMBER DISCRIMINATION
A mask can be used to determine whether a number is odd or even. Here word 17 block 19 is

examined, the mask being word 14 block 13.

Instruction | D| F A R
ool /
« |.|eo| oo |3

35| oot7 |19

X+ |~-{-—|————~ aie
Before After
1.A.S. 14 Block 13 |0{0|0|0|0|0|0[0[0]0|O|1 1.A.S. 14 Block 13 |0|0|0|0f0|0|0|0(0]|0|0(L
I.A.S. 17 Block 19 |0 |0 |0 j0f0[0|6([5]2(3 8|3 1.A.S. 17 Block 19 |0|0|0|0|0|0|6|5]|2(3|B|3
Repgister A ololo|ofolololojofo|o]o Register A olo|ojojlo|ol6|5(2|3|8(3
Register B olojojo]ojoj0i8|9i2(3|4 Register B ojojojojojojojojojojoj!l

At the conclusion of the 35 instruction, it will be possible todiscriminate between the presence
or absence of a I-bit by means of Mill Indicators 01 and 02 (see page 54). Inthe example above indicator
02is set, as Register B contains a 1-bit corresponding to the I.A.S. contents being odd. If the contents

of Register B are zero corresponding to the I.A.S. contents being even, Mill Indicator 01 is set.

Notes During the execution of function 35 the overflow indicator is inhibited but the other Mill

Indicators function normally.

Function 36 2.6.2

Effect Causes the operation of Logical OR to be carried out between the contents of Register

B and the contents of a specified location of 1.A.S. on a bit-for-bit basis.

Operation A number held in the specified I.A.S. location is put in Register A. Logical OR
of the contents of Registers A and B then takes place and the result is placed in Régisters A and B

and in the original I.A.S. location specified in the instruction.

I.A.S.

HiH

Register A

Register B
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Examples  If 123456123456 is contained in I.A.S. 15 block 12 and 999999666666 is contained in

Register B, then at the completion of function 36 the Registers A, B and L.A.S. 15 block 12 will

stand thus:

I.A.S.
Register A
Register B

91l

n3

L3

15/ 7

91l

L3

L3

15 7

9111

13

13

15| 7

A study of the 1, 2, 4 and 8 streams of the original contents of word 15 block 12 and Register

B, together with the result obtained after ‘Logical OR are shown beiow:-

Word 15 Block 12

i 3]4|5|6(1]|2[3|4|5](6 919191919(9(6[61616 1616
1 Ljojrjojrfojrjojrjo} 1 Register B |1t jrjrjoejojcolo] 1
0 1jojo|llojLl|1|0j0O|1]| 2 0j0j010 |00 L]l 2
0 Oj1j1{1jojojoj1j1(1| 4 ofojojo0fojl 1|1 f1f1y1}| 4
0 olololojlolololololo]l 8 1j1j1J1j1j1j0jojojojojof 8
IILLLI11301315 7| 6] 76|76
Result in Word 15 |1 |1(1 |1 Lfl1jojl1jojrjo| 1
Block 12 and 0f1j1]0 Lipfrjrrfrjrf 2
Registers A and B [0 (0|0 |1 LiTj1jrfrj1j11 4
1]1(1(1 1/0j0jo{0i0l0 ] 8

The most common use for Logical OR isfor modifying aninstruction by the insertion of an address

without using the Mill and in consequence not setting the overflow indicator. For example to modify

the firstinstruction contained in word 12 of block 23 by inserting an address from word 29 of block 21.

Instructions | D F A R

x| 37| 0029 |2/

35| ooyt 23

X+ - _3_6_ _99.{_2__ .2:3_

Before After

I[.A.S. 29 Block 21 |0 1{2|4/8|0|0]|0|4|1|9 I.A.S. 29 Block 21 |0|0(1(2|4|8|0|0|0(4]|1]9
I.A.5. 11 Block 23 |0 31515l5/0|0({0|0|0(0 I.A.S. 11 Block 23 |00|3|1515150|0|0|0(0|0
I.A.S. 12 Block 23 |6 0|0|0|0|6[3|1]1]9|2 I.A.S8. 12 Block 23 |[6(0|1|2]|4|8|6|3|1|1/|9|2
Register A 0 o(ojojojojofofofo]o Repgister A 6i0|1 |2 8l6(3i1|1(9]|2
Register B 0 oj/0ojo(0|0|0|0]0|0]|0O Register B 6(o(1|2|4(8|6|3(1|1]9]|2
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The same result can be achieved without using Logical OR. Whereas there is little difference

in the time, this second method affects the overflow indicator.

The instructions would be 1 D| F A R
«  ||37| o029 |21

35| cor/ |22

il |a|Bh | 0912 |22

The uses of modifications are discussed in Part 4.

Notes As function 36 does not use the Mill, no Mill Indicators are set by this function.

ROW BINARIZING 2.7

Row-binary is normally created prior to print or punch output as described in Part 3.
The components used to create row-binary are Register B, the specified word of I.A.S. and the
Row Binary Register together with the Row Binary Unit. As illustrated schematically the Row
Binary Register is a single-digit register capable of holding any number from 0 to 15, and the
Row Binary Unit uses a technique similar to the Logical AND described in 2.6 but performing the
logic on whole digits rather than bits. If a digit from a single position of an I.A.S. location is
compared in the Row Binary Unit with the digit in the Row Binary Register, when the digits are

jdentical a 1-bit will be emitted from the output of the device.

Row Binary 1 Digit Row Binary 1 Digit
Register from I.A.5. Register from IL.A.S.
6 6 6 io
Row Binary Row Binary
Unit Unit
! i
) | =
6 1 6 6 ;1
1
) |
‘, Identical i Not Identical
Output = 1 Qutput = 0

According to the function given, the 1s or Os from the output of the Row Binary Register

component can be directed to the appropriate stream of the B Register.

Thus in row binarizing each digit of the contents of the specified location of I.A.5. is compared
against the digit set in the Row Binary Register. I the digits correspond then a 1-bit is emitted
into the appropriate stream of Register B and if the digits fail to correspond a0 is emitted into the
stream of Register B e.g. the Row Binary Register is set to 6 and the instruction is given to
create row-binary in stream 2 of Register B for I.A.S. 12 block 11 which contains 000046216706.
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6 in the Row Binary Register Word 12 Block 11

Jololelele[tTe[7[o]s]

Register B

Unaltered 1 stream
L _ P10 0000100100 1| 2stream

Unaltered 4 stream

Unaltered 8 stream

The Row Binary Register can be loaded in one of two ways:
(a) with the least-significant digit of the contents of a specified location of I.A.S. (see function

30 below).

(b) with the contents of the index point (print) counter. This method is described in Part 3.

Function 30 2.7:1
Effect Causes the contents of the least-significant position of a specified location of I.A.S. to

be transferred to the Row Binary Register.

Operation A number held in the I.A.S. location specified is put in Register A, the least
-significant digit being placed in the Row Binary Register. The eleven most-significant figures do
not affect the Row Binary Register. At the conclusion of the instruction the contents of Register A

will be the original I.A.S. word. The LA.S. word is unaltered.

1l
C Register A

Row
Binary
Register
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Example Transfer 6 contained in the least-significant position of word 19 block 12 to the Row

Binary Register.

Instruction | D F A R

30| oo1g |12

I.A.S. 3/ 7/0|1|4|5[6]2[0]3]9]6] I.A.S. 3/7/0/1|4|5/6{2|0]3]|9

Repgister A 0|o[ojofjojo|0|0|0|0|0|0| Register A 3/7/0/1|4[5/6{2[0]3]9

‘0‘\ o | o

Row Binary Register E Row Binary Register

Notes Sometimes a constant can be found in the program with a digit, in the least-significant
position of the second address, suitable to load the Row Binary Register. If, however, none is

available it is necessary to create a special constant.

Care must be exercised while programming to ensure that the least-significant digit of the
chosen constant is that of the absolute Address and not the Relative Address and also that the
constant is in I.A.8. when function 30 is obeyed. It is safer to use either a constant or an
instruction with no relativizer (e.g. those used to set the Decimal Point or Sterling Position Registers)

as these will not change if the storage allocation is altered.

Function 31 2.7.2

Effect Creates row-binary into the 1 stream of Register B for the contents of a specified

location of 1.A.S.

Operation Anumber held inthe specified 1.A.S. location is put in Register A and eachdigit compared
with the digit held in the Row Binary Register. When the digits correspond then a 1-bit is
emitted into the 1 stream of Register B, when the digits do not correspond then a 0-bit is
emitted into the 1 stream of Register B. At the conclusion of the instruction the contents of the
2, 4 and 8 streams of Register B and the original I.A.S. word are unaltered. Also the contents of

Register A will be the original I.A.S. word.

I.A.S.

AA Ir
C Register A j

Register B

RO@I‘}'
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Example | Create row-binaryinto the 1 stream of Register B for the contents of I.A.S.42 block 15.

The Row Binary Register contains a 6.

Instruction D| F A R
| 3] | goxe | I5
Before Atter
I.A.S. 4(9(6|2]6|0|4|6 266 I.A.S. 4]19]6|2|6|0(4|6|9|2|6|6
Register A 3(7/0(2|1|9]6(2|0|0|0|3 Register A 4/9|6/2|/6|0]4]|6]|9|2|6]6
Register B 0|1/0|0/1{1]|0|0[0[1I0|0]| 1 Register B gjof1jojLjojo|L|jojOo|1|1] 1
0101 I(1]1j0|1{0|0|1] 2 ojojljoflj1jljojLljojlojl]| 2
0j1|1 0)j0|0|1]|0(1L of 4 g|1|1|0f0j0j0OfL|OfL|Ll|O}f 4
lLjofo|l1|0|o|0|O]|O|O|0O|1] B8 1|0j0|1|0j0|0|0|0O|OjO|1]| 8
Row Binary Register 6 Row Binary Register 6

Functions 30 to 34 will generally be used for output only, but row-binary techniques can

occasionally be used as alternatives to conventional methods of programming in order to save

space and/or time.

Example 2 Examine word 17 of block 15 for the presence of digit 3 in position 9.

Instruction | D F A R
« || 30| 00us |13
31 | oot7 153
35| 0049 |19
X+ ||~ |—~~"~- -
Before After
I[.LA.5. 17 Block 15 [0|0|0]|3|8|3|2|4]|3|9|2|6 LLA.5. 17 Block 15 [0 0| 0| 3| 8/3|2|4/3|9|2|6
I.A.S. 41 Block 19 [0f0|0|0[8|3|2|6|2|4|0|3 I.A.5. 41 Block 19 |0|0|0|0]8|3|2|6|2|4|/0|3
I.A.S. 49 Block 19 [0|0f0|0|0|0|0|/O|1|0|0]0O I.A.5. 49 Block 19 [0|0|ofl0|o|/o|o|of 1[0/ 0|0
i 0|0j0jOjOfjO|O|O|O|O|O|O
Hepten Register A [oJoJoJoJefo]o o 1]o]o]0]
Register B 0/0j0j0jO|O|0O|O|O|0O|O|O =
Regist 0
Row Binary Register | 0] mgLeten B 0101519180 1040 1.1 |0 !
ojofojofojo|ofojo|O|O|O| 2
ojojojofojojofojo|ofo|o| 4
ojojofojojojojofol/o(0|0] 8
Row Binary Register 13

By examining Mill Indicators 01 and 02, as described under Section 2.6.1 Example 3 Odd/Even

Discrimination, it is possible to jump to the section of the program relating only to digit 3 in

position 9 of word 17 of block 15.
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Example 3 Examine word 49 of block 22 for the presence of digit 6 in position 4, 7 or 11.

Instruction 1 D} F A R
X 30| 0039 14

3] | 0049 |22
35| oouo | I4

Xoef [prlsmmiemn—as e
Before After

I.A.S. 39 Block 14 |0|0|0|0|0|0|0|0O|0O|0|0O|6 1.A.5. 39 Block 14 |0/ 0| 0|0/ 0|0/ 0|0|0[0]0|6
I.A.S5. 40 Block 14 |gfolo|1|olo|1j0f0l0]|1l]|0O I.A.S. 40 Block 14 |0|0|0|1|0|/ 0] 1l0|0|0O}jl|0O
1.A.S. 49 Block 22 |o|1|2|6|6|5|7|1[2|8]|6]|9 I.A.S. 49 Block 22 |0l 1|2|6| 6|5/ 7]1/2| 8|69
Register A [o[o]o]o|o]o]o[o]o[o]0]o]  Register a {olo]o]1]o]o]1]o]o]o]1]o]
Register B 0|0{0|0|0|0|D|0|0j0|0|0] 1 Register B o|ojo|L|{o|ojafo|0|O|1|Of 1

0(0]1|/0{0|0(O|1f1|0]jOj1] 2 olololololo|ofojaojojolo] 2

o|0|0oj0Oj0Of1l|0 1{0|1]1| 4 olololololololo olo] 4

o{lj0|1|0({0|0 0|1[.0/0] 8 ololololololelolo olo
Row Binary Register 0 Row Binary Register i

By examining Mill Indicators 01 and 02, as described under Section 2.6.1 Example 3 Odd/Even
Discrimination, it is possible to jump to the section of the program relating only to instances

where a 6 appears in position 4, 7 or 11 of word 49 of block 22.

Note No Mill Indicators are set by function 31 as the Mill is not involved in the operation.

Function 32 2.7.3
Function 32 creates row-binary into the 2 stream of Register B for the contents of a specified

word of I.A.S. in the manner described in 2,7.2.

Function 33 2.7.4
Function 33 creates row-binary into the 4 stream of Register B for the contents of a specified

word of I.A.S. in the manner described in 2.7.2.

Function 34 2.7.5
Function 34 creates row-binary into the 8 stream of Register B for the contents of a specified

word of I.A.S. in the manner described in 2.7.2.
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Example of the combined use of Functions 30 to 35 2.7.6

Examine word 16 of block 21 for the presence of digit 3, 6, 7 or 8 in positions 11 or 12.

Instruction | D F A R
x |-30|9as9 |17
3l | oote |2/
0| ocowwo |/
2l e 20| 08¢ 3.
32 | oo/é 21
004/
X'i‘z ey _‘g_a_ ______ ._l_q_
33 |oaie |24
30| oou2 |19
X+3 |--|-———|--===- -
34| ooie |24
35| oo43 | /9
Ky =175 =52 i
Before After
I.A.S. 39 Block 19 |8 (4|04 2|7 |9|1|5(8]6 3 I.A.5. 39 Block 19 (8|4 |0|4|2]7|9]|1|5/8]6]3
1.A.S. 40 Block 19 [5|7 9|1 36|28 (0|54 |6 1.A.S. 40 Block 19 [5(7|9|L|3|6|2|8{0|5/4|6
I.LA.5. 41 Block 19 |3 |7|7[7|5|1 |96 1|2 |4 7] I.A.S. 41 Block 19 [3|7|7|7|5|1|9|6]|1|2(4]|7
1.LA.S. 42 Block 19 |3 |2 |4 (8|4 |6 |4 |2 |71 |1 |8 1.A.5. 42 Block 19 |3 |2|4|8|a|6(4|2|7|1]1]|8
I.A.S. 43 Block 19 |00 |o|ofo|o]o|o oo |t5/Ls I.A.S. 43 Block 19 |0|D|0|0|0|0|0|0|0|0O|1515
I.A.5. 16 Block 21 |0f0|7(|9[6|5]|8|9|2|4]3 |8 I.A.S, 16 Block 21 |0|0]7]|9]6|5|8|9|2|4|3]|8
Register A |o|o]o|o|o‘o|0]0]o|o}o[0l Register A |0|o‘o[olo|o|u[o|o]oh5b5]
Register B olololofolojolololoj1]o] 1
ojojolojojo|olo]ojolo|of 2
olojo|o]o|ojo|o|o|o|o|o] 4
Register B |o|o’o|0|0‘0|0|0|0’0|00 o/ojojojojojololojolall] 8
Row Binary Register 10 ] Row Binary Register ﬂ

By testing Mill Indicators 01 and 02, as described under Section 2.6.1 Example 3 Odd/Even
Discrimation, it is possible to jump to the section of the program relating only to instances where

a3, 6, 7 or B appears in positions 11 or 12 of word 16 of block 21.

SHIFT INSTRUCTIONS 2.8.
Data in Register B can be moved en bloc to right or left within the register. This technique
known as shifting is used to move numbers beyond the capacity of Register B so that they are either

eliminated or circulated, that is, they re-enter Register B at the opposite end.
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Generally a simple problem of extraction of a part of a word can be solved by the shifting
method, using less storage though taking slightly more time than the masking method using Logical

AND (see 2.6.1). This is because the latter case requires storage [or a special masking constant.

However, a more complicated problem of this type, for example the extraction of positions
1to 3 and 6 to 9 of a word is more economically solved by the mask constant method both in time
and storage required. The method to be preferred will depend on the relative necessity of

economizing on time or storage in the rest of the program.

The number of positions shifted is determined by the number in the two least-significant
positions of the address part of the instruction which may take any value from 00 to 12. As far as
the shift instruction itself is concerned, it is immaterial whether the contents of Register B are in
decimal or sterling form. However, when a sterling amount is shifted to a different position in
Register B it is necessary to set the Sterling Position Register (see 2.4.1) to correspond to the
new tens of shillings position before applying any of the sterling arithmetic functions (i.e. functions

70 to 79) to the contents of Register B.

The shift functions do not send the contents of Register B through the Mill, and therefore

cannot set any of the Mill Indicators.

A relativizer should not be used with a shift instruction, otherwise the address part ol the

instruction which specifies the number of positions to be shifted will be mutilated.

Function 54 2.8.1
Effect Causes the contents of Register B to be circulated to the left.

Operation A number held in Register B is elfectively shifted n places to the left of its original
position; n is determined by the number (between 00 and 12) in the two least-significant positions
of the address part of the instruction. Those digits which move out of the most-signilicant position

re-enter Register B at the least-significant position.

1t is actually only possible to perform a right shift in Register B. Function 54 is therelore

effected by a right shift'ol that number of places which achieves the same result as the specified

C Register B )

Example Circulate the contents of Register B five places to the left.

left shiit,

Instruction D F A R

54| 0005 =

Before After

hegscer 5 [o[1]2]a]a]s[6[7]s[7ho1] vegister 5 [3[6[[s[shduo]i[2]2[4]
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Function 55 2.8.2

Effect Causes the contents of Register B to be shifted to the left, entering zeros in the least

-significant position.

Operation  This function operates over two word times and unlike other shift functions utilizes
Register A. This is necessary to achieve the specified left shift, which must in fact be periormed
as two right shifts. During the first word time Register A is zeroized and the digits which are to
remain in the result are shifted from Register B into the most-significant end of Register A.
During the second word time the contents of Register A are circulated into Register B to achieve

the required result. Register A contains zeros on completion of the instruction.

Register A =a

¢

Path used during first word time

====Path used during second word time

P Register B )
L

-

LY

Example  Shift the contents of Register B six places to the left and fill the vacated positions withzeros.

Instruction D} F A R
_| 85| 0006 | -_
Before After
Register A [0]ofo]oo[o]o[1]2]3]4]5] Register 4 [0]o[o]o[o[o]o[o[0]0]a]0]
Register B | 1] 2] 4] 3] 6] 7 o[58 [114] Register B |9]1d5]8]1]4[o0[0[0]0]0]0]
Note As this function takes longer to execute than function 54, wherever possible function 54

should be used in preference to function 55.

Function 56 2.8.3

Effect Causes the contents of Register B to be shifted to the right, entering either 0s or 9s
in the most-significant position according to the value of the original digit in the most-significant

position.

Operation A number held in Register B is shifted n places to the right of its original position:
n is determined by the number (between 00 and 12) in the two least-significant positions of the

address part of the instruction.,
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Those most-significant positions vacated are filled with either zeros if the original digitinthe
most-significant position was from 0to 4, or nines if the original digit in the most-sigificant
position was from 5 to 15. Thus the most-significant position is regarded as the sign position,

0 to 4 indicating a positive figure, 5 to 15 a negative [ligure.

=l Register B fii

Sign
0 or 9| Digit
Emitter

Examples
(a) Shiltthe contents of Register Bfive places to the right and fill the vacated positions with eight

zerosif0to4 is in position 1 of Register Bor nines if 5 to 15 is in position 1 of Register B.

Instruction D F A R

56| ooos -

Register B Register B
Befora H|1|2|3\4t5 6]7|8|9|10L11| or Before [oT9T1]z]3 4]5]0'0]0]0]0]
Aifta [oolofolofoli[2]3]4]5]s] Bites [al9]alolololo]1]2]3]4]5]

(b) Shift the contents of Register B seven places to the right, propagating the sign.

Instruction D F A R

56| ooo? | —

Register B Register B
Before |3|4|5|6|7’8|3I4[5I6|7|8| or Before |6|5\4‘3|2|l|6|5|4|3|2|1|
After [o]o[o]o[0]o]o]3]4]5]6]7] After [o]olalalo]o]al6ls]4]3]2]

(c) Shift the contents of Register B twelve places to the right, propagating the sign.

Instruction D| F A R
_| %6 |. 002 | =
Register B Register B
Belore l10|0|0|0|0'0i0|0|413I21ll or Before |4|6|0|0|0|0|I|ZI3|4|5|6|
After |9|9|9|9‘9l9|9|9|919|9}9| After lO|0|0|0|0|0|010|0|0‘0|0|
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Function 57 2.8.4

Effect Causes the contents of Register B to be shifted to the right, entering zeros in the most
-significant position.
Operation A number held in Register B is shifted n places to the right of its original position;

n is determined by the number (between 00 and 12) in the two least-significant positions of the

address part of the instruction. The most-significant positions vacated are filled with zeros.

00—l Register B — >

Examples

(a) Shift the contents of Register B five places to the right, do not propagate the sign.

Instruction D| F A R Register B
.| 57| ooos | - Betore  [o[1[2[3]4]s[s7[s[s}ol]
- Rl Eehik sk aE]

(b) Shift the contents of Register B seven places to the right, do not propagate the sign.

Instruction D F A R Register B
_| 87| o007 | - Before |6|5|4’3|2’1|6l5|4!3'2|1’
After loJo]o]o]o]olole]s]«]s]z]
Application of the Shift Functions 2.8.5

(a) Zeroizing Register B. Instruction 570012 is the most economical method.

(b) Extraction of part of a word: It is sometimes more economical in time or space or both
to use shift functions in preference to Logical AND with a mask constant (described under
2.6.1). In the following examples, (i) the Shifting Method is more economical on storage,

(ii) the Mask Constant Method is more economical on time.

Extract from word 25 of block 35 the guantity held in positions 9 to 12 and place it in word

26 of block 35.

(i) Shifting Method.

Instruction D| F A R
| 37| ooas |35

54| o008 -

57| 0008 B2

42 | o026 |35
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Before After

Word 25 Block 35 1121310

—

104|6(3(2|1]|9 Word 25 Block 35 112 (30|11 1004 161(3]2]|1|9
Word 26 Block 35 0|0{0}0]|0|0[0}0]0]|0]|0j0

Word 26 Block 35 0j0|0|0O(0|0|0]|0]3]2[1]9

Register A ojojojojojoiojoj0j0jolo Register A olojololojolojol3fz]1]9

Register B [oTooJoJoJoToJol o] o[0l0]  Register B {olofololofofolol3]z]1]9]

(ii) Masking Constant Method

Instruction D| F A R

37| o025 |85
35| 0006 (/8

42| 0026 |35

Before After
Word 6 Block 18 ololololo|o|ofo|i5151519 -Word 6 Block 18 oolojojojolo|o|ig151515
Word 25 Block 35 [1{2|3[0[1[1q4|6(3|2]1|9 Word 25 Block 35 |1 |2(3|0|1|1d4(6(3|2[1|9
Word 26 Block 35 [0]0]0]0|0|0|0|0/ 0000 Word 26 Block 35 |o0|o|o|ojo|ojola|3|2]1]9
Register A 0lojojojojojojojojofa|0 Register A o|o|{ofojojo|olo|3|2|1]9
Register B 0/0joj0j0lj0jojoj0[0f0|O Register B of{o|o|o|ofojolo|3]|2]1]9
(c) Shifting the positions of quantities in a word, e.g. for rounding purposes.
Example | Round up quantity held in word 16 block 23.
Instruction D| F A R
.| 60 | 006 |23
b2 | ooro | /9
56| 0003 | 7
42| 0016 23
Beifore After
I.A.S5. 10 Block 18 o|lo|0|0|0O|0O|0O|0O|O|[5|0]|0 1.A.S5. 10 Block 18 ololofojlololololol|51(0]|0
I1.A.5. 16 Block 23 o|o|o|o|oj0|6|5|2|8|0|0 I.A.S. 16 Block 23 |(o|o|olo|o|olo|o|o|6|5]3
Register A o(of{o|jo|0o|0O|0O|0OjO|O(D]|O Register A o|ojoj0jO|0|O|O|D|6]|5]3
Register B olo|lo|j0O|l0OjOjOjOj0O[O|O|O Register B olojo0f0j0({0O|0O|0O|6]5(3
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Example 2 Multiply word 129 of block 14 by word 28 block 13. Round up the product to the
nearest penny and add the result to the quantity in word 39 block 15.

Instruction
| D[ F A R NARRATIVE
x || 37 | 22 |14 | |Transker to Reqister 8_
54| 0003 = Circulate leff 3 positions
| 42 o129 |4 Transfer to original locations
X+ i R B e T i i e e e
37| o028 |3 Transfer mull/plier fo Kegister 8
X+2 22 | ooo7 | — Set Sterling Posi Fion Kegister
+ ] ——— ] ——— ——— —— ] e e e e v o — ———— ———— ——— — — . 2 gt St
21 | o003 e Set Decimal Fornt Kegister
79| 012 / [
K+3 [ P ____?— —é‘— _A_/,‘_’E(E".y ___________________
72| 00/&6 |32 Round up
o ey ] . J&-
b || 56| 0003 | = | | Right Shift Spesitions
22 | ocoto — Keset Sterling Asition Register
74| oo39 |I/5 Add 7o 1.A.5.
x.!-s _____4; _______ et _.__...__D _______________________
Before After
Word 28 Block 13 0/0(0,{0/0]0,|0/0|0.]9}{9]9 Word 28 Block 13 0]0{0,|0[0|0,|0]0|0Of9 |9 |9
Word 129 Block 14 (0|0|0,({0[(0[0, |0 091|911 Word 129 Block 14 [o|o|o|oflo|9|1(9/tyo o]0
Word 39 Block 15 o(ojc|o|0]0f{0O[0O[|0|0O|0|0O Word 39 Block 15 0({0j0j0]0Of0|0O]O 1.:94.9
Word 16 Block 32 [0|0|0|0{0{0]0j0j0|5|0|0 Word 16 Block 32 |0|0|0/0{0]|0|0;0|0|5|0|0
Register B 0|0|0|0]0|0|j0|0Oj0O|0Of0]|O Register B pj{ojojoj0o|0|0O|l0|9]1]|9]|9
‘DO NOTHING' AND ‘STOP’ FUNCTIONS 2,9
Function 00 2.9.1
Effect Causes the computer to do nothing and proceed to the next instruction in the normal manner.

Operation The computer obeys the instruction, .therefore time is taken in operation but I.A.S.

and registers concerning the programmer are in no way affected.

Notes This instruction may be used when it is necessary to modify the other instruction
contained in the I.A.S, location. This may be more easily achieved by placing the instruction to be
modified in the least-significant part of a location and having a 'do-nothing' instruction in the most

-significant part e.g.
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I D| F A R

% |.|oo| ooz |oo

35 | ooog /2

The address will usually be zero, but as in the illustration, it may be any number between 0

and 3999.

Function | | 2.9.2
Effect Causes the computer to stop all further operations.

Operation The computer will stop all operations when this instruction is obeyed. If the address
positions are used to contain a code number in the range 0 to 3999, after the stop the code number
will be displayed on the console in CR3 with one added to it. Normal computer operation will be

resumed when the Start button is operated.

Note The code numbers used in the address positions for this instruction can be used to
indicate particular reasons for the stop e.g. when a sequence error occurs or an abnormal

arithmetic condition is reached.

INDICATORS 2.10

Indicators are devices which may be in either one of two states, set or unset, and are used to
direct the program into one of two branches according to the state of theindicator. This is achieved
by writing an indicator test instruction. If the indicator is unset, the program proceeds to the
normal next instruction. If the indicator is set, the program branches to the instruction pair in

the I.A.S. location specified in the address part of the test instruction.

A summary of the characteristics of indicators numbers 00 to 29 is given in tabular form

in the table overleaf. All other indicators (numbers 30 to 99) are dealt with in Part 3.

A complete summary of indicators is given in Part 6.

Representation of an Indicator Test Instruction 2.10.]

Some examples of indicator test instructions are given in Figure 6 (page 53). The first and second
positions of the instruction contain the indicator number. The third position must contain a decimal
digit whose binary representation contains a 1 in the 4 stream and a 0 in the 8 stream i.e. the
number must be 4, 5, 6 or 7. This indicates to the computer that the instruction is a test
instruction. The 4-bit is entered into the third position of the instruction during the Initial Orders
program. On both the program sheet and the program card, the 4-bit occupies a separate column

known as the designation column.

The third, fourth, fifth and sixth positions contain the I.A.S. address of the instruction to which

the program will jump if the tested indicator is set, Thus in the case of a computer fitted with
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more than 1,000 words of I.A.S., following completion of the Initial Orders program, position 3 of

the instruction may contain both a 1 and a 4 in binary representation.

words position 3 may also contain a 2-bit.

For a machine with 4, 000

dicat g DE$3 i i
Indicator Class of Indicator Sffectior lDeSIgnatIOH Set by: - Unset by: -
No. Indicator
4 8 9
00 Uncondlt.mnal L 4 Test - - Permanently set -
Indicator
01 Mill Indicator Test _ - La..st no. through I.rE%Et no. through
Mill zero. Mill not zero.
Last no. through [Last no. through
0z Mill Indicator Test - - Mill >0 (sign Millg 0
digit 0-4)
Last no. through [Last no. through
03 Mill Indicator Test - - Mill< 0 (sign Mill= 0
digit 5-9)
Test Overflow (sign
04 Error Indicator & - = digitl-8orsign |Program when
Unset digit 9 & all tested
other digits zero)
Test ) :
I.A.5. Parit
06 Error Indicator & - - = Breetsm when
Check Error tested
Unset
Test Drum Parity Program when
07 Error Indicator & = - Check Error tested
Unset
10
’
' Program Indicators Test Set Unset |Instruction (Des.8)Instruction (Des.9)
1
19
20
! Manual Control |Manual Control
' Manual Indicators Test - - on Console on Console
! {Switch on) (Switch off)
29

62
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An indicator test instruction may form either the first or second half of an instruction word

i.e. either positions 1 to 6 or 7 to 12.

Test instruction as Form of instruction Significance
written on program in computer following of
sheet Initial Orders program instruction

D
Test Indicator 03; if set, jump to
2] 4| 03| 00237 == 034037 1.A.S. 37 (absolute address); if unset

proceed to instruction in second
half of I.A.5.21.

2 Test Indicator 15; if set, jump to
3E AN ol06 8 154456 I.A.S5. 106 of same block; if unset,
i i === proceed to instruction in second
half of I.A.5. 36 of the same block.

Where block relativizer
is set to 350

I D| F A R : : ;
Test Indicator 27; if set, jump to
5 275983 I.A.S. 123 block 72 if unset, proceed
3 || oo g to instruction in first half of I,A.S.
4|27 | o123 |72 54 of the same block.

Relativizer for block 72
is set to 1860

Figure 6: EXAMPLES OF INDICATOR TEST INSTRUCTIONS

Incorrect Test Instructions 2.10.2
In the case of incorrect test instructions being given to the computer, the sequence of operations

is as follows:

If the specified indicator exists, but the 1.A.S. address is outside the specifiable range, then;
if the indicator is unset, the computer will proceed in the normal manner to the next instruction;
if the indicator is set, the computer will stop with zeros in control registers 1 and 2, and .the

"I,A.S. Check Error on transfer to control register" visual indicator will be set.

If the specified indicator does not exist the computer will proceed in the normal manner to the

next instruction.

Automatic Indicators 2.10.3
Automatic indicators are set, and in some instances unset, by conditions arising in the central
processor or in the peripheral units. The conditions arising in the peripheral units are described

in Part 3. The other automatic indicators are numbers 00 to 07.

Indicator 00 2.10.4

Purpose Testing indicator 00 causes an unconditional jump to a specified word of LA.S.
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Operation This indicator is permanently set. When tested, the next program instruction
will not be taken from the next word of I.A.S., but due to the jump, will be taken from the word of

I.A.S. specified in the address part of the indicator test instruction.

Example It is required to transfer the contents of I.A.S. location 12 into I.A.S. location 19 if
the contents are positive to zero, but to leave the contents of 1.A.S. 19 unaltered if the contents of

ILA.S, 12 are negative, 1,A.S. 12 and 19 being relative addresses in block 17.

| D] F A R NARRATIVE
Contents of 1-A.8. 12, block 17,
1z || 82| 002 |17 | |dxte Kesister Bvia Mll_
Test indicatour 03, /f sef (setomn<ag
¢l 03| arr || |Borigliaten 22 foer o on<9
/F indicatov O3 /s nofset, wril? cantenis of
2o |2|42| 0919 17| |Register Bin 14519, blockiT,___
/ 4| 00 | 0127 2 t/:ev‘/'amp o lAS. /27 ef same black
Notes An unconditional jump may be usefully employed when it is not possible to use the second

half of an 1.A.S. location for an instruction. The use of an unconditional jump under these circum-
stances is preferable to the use of function 00 (Do-nothing instruction) because the former takes

less time.

Mill Indicators 2.10.5

The Mill Indicators are indicators 01, 02, 03 and 04. These indicators may be set by any
function which involves the transfer of words through the Mill i.e. functions 35, 60 to 69, 70 to 79,
except that indicator 04 (the overflow indicator) cannot be set by function 35. A word in this case

is regarded as a number up to eleven digits together with a sign digit in the first position.

The Mill Indicators are set by the number which leaves the Mill after completion of the

appropriate arithmetical operations within the Mill and not by the numbers entering the Mill

Indicators 01, 02 and 03 remain set until a number with a different sign results in the Mill.

Indicator 04 remains set until it is tested; testing automatically unsets it.
The setting of indicators 01, 02, 03 and 04 is shown diagrammaticaﬂy in Figure 7.

Figure 8 {page 56) depicts a portionof program inwhich indicators 01, 02, 03, and 04 are tested.
The example assumes that according to the nature of the sum of the contents of I.A.S. locations 20

and 31 (relative addresses in block 10) the following action is required:

(a) if an overflow occurs, the program must enter an error routine starting at 1.A.S. location

80 of the same block of program;

(b) if the sum of the contents is zero, positive, or negative, a jump is to be made to I.A.S.

location 61, 65 or 73 respectively, also in the same block.

The last instruction could equally well be an unconditional jumpbecause if indicators 02 and 03

are both unset, indicator 01 must be set.
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L SIGN DIGIT
Il

0to4 5to 9
| 1
i i ¥
1to4 0 9 5to 8
One Other All Other One Other All Other
Digit # 0 Digits = 0 Digit £ 0 Digits = 0
v \
Sets 02 Sets 02 Sets 01 Sets 03 Sets 03 Sets 03
Sets 04 Sets 04 Sets 04

Figure 7: SETTING INDICATORS 01, 02, 03, AND 04

Indicator Ol 2.10.6

Purpose May be used to test whether the last number resulting in the Mill was zero.

Operation Indicator 01 is set if the entire word is zero, i.e. if the sign digit and all other
positions are zero (Figure 7). When indicator 01 is tested and found to be set, a jump is made

to the I.A.S. word specified in the address part of the indicator test instruction.
The indicator remains set until a non-zero number results in the Mill,

Example See Figure 8.

Indicator 02 2.10.7

Purpose May be used to test whether the last number resulting in the Mill was positive.

Operation Indicator 02 is set if the word is positive, i.e. either if the sign digit is zero but at
least one other digit is greater than zero, or, if the sign digit lies between 1 and 4 inclusive
regardless of the state of the rest of the word (Figure 7). When indicator 02 is tested and is
found to be set, a jump is made to the I.A.S. word specified in the address part of the indicator

test instruction.
The indicator remains set until a negative or zero number results in the Mill.

Example See Figure 8.

Indicator 03 2.10.8

Purpose May be used to test whether the last number resulting in the Mill was negative.

Operation Indicator 03 is set if the word is negative, i.e. if the sign digit lies between 5 and 9

inclusive regardless of the state of the rest of the word (Figure 7). When indicator 03 is tested
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and is found to be set, a jump will be made to the I.A.S., word specified in the address part of the

indicator test instruction.

The indicator remains set until a positive or zero number results in the Mill.

Example See Figure 8.

Indicator 04 2.10.9

Purpose May be used to test whether an overflow has resulted in the Mill since the indicator

was last tested.

Operation Indicator 04 (overflow indicator) is set if any of the arithmetical functions (functions

60 to 69, 70 to 79) causes either of the foliowing two conditions to result in the Mill:

(a) a sign digit with a value 1 to 8 inclusive, or

(b) a9 in the sign position with zeros in all other positions.

The overflow indicator remains set until it is tested, testing automatically unsets the indicator.
Thus by testing the overflowindicator it is possible to detect whether or not an overflow has occurred
into the sign position at any time since the indicator was last tested. If two numbers are added or
subtracted and the overflow indicator is set, no information will have been lost. If two numbers

are multiplied and the overflow indicator is set, information may have been lost.

When indicator 04 is tested and is found to be set, a jump will be made to the I.A.S. word

specified in the address part of the indicator test instruction.

Example
| D F A R NARRATIVE

5‘? ] (e T B | Jopgsc e we b g e phasiesnaste s Thsi oy Ssen brai i S
4l ok | oos8 | B Test Lor overflow , f5 unset indicator
|60 | 0020 | jo | |Clear Add 1AS.20, block (0 to Kogister &.

58 62 | o003l /10 Add 1AS.3l, block 10 1o Register £

g |Blok|ogso L& | |Eeverfiondsdl, lit /4 260 BRI LIS
4|02 | co6s | B Ifind.02 set(Wo.70Q), jump 76 [A-5.65,5ame block

ga %] OB GEEE | B |\ FhiSee B ime s ANTE S ik
4| ol | oosl | B find.0l set(No.=0), jumpte /A.5.61, same block

Figure 8: EXAMPLE INSTRUCTIONS TESTING INDICATORS 01, 02, 03, AND 04

Indicator 06 (I.A.S.Check Error Indicator) 2.10.10
Purpose Indicator 06 is used to test whether an 1.A.S. transfer parity error has been detected

since the indicator was last tested.

Operation  An I1.A.8. parity check is carried out when a word is transferred from L.A.S. to

Register A.
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Indicator 06 is automatically set if an I.A.S. parity error is detected on a transfer other than

a transfer to the control registers.
Indicator 06 is unset when tested by program.

When the indicator is set theI.A.S. Error lampon the console glows. If the Optional Stop switch
is on, then the computer stops as soon as the parity error is detected. In this case the LA.S.
Error light is extinguished when the computer is restarted but indicator 06 remains set untiltested

by program.
Notes The computer always stops automatically if anI.A.S. parity error is detectedon a transfer
to the control registers. The I.A.S, parity checking system is described in more detail in 2.13.1.

The technique for restarting after 1.A.S, parity failure is discussed in Part 4.

Indicator 07 (Drum Check Error Indicator) 2.10.11
Purpose Indicator 07 is used to test whether a drum transfer parity error has beendetected since

the indicator was last tested.

Operation A drum parity check is carried out when words are transferred from the drum.
Indicator 07 is automatically set if a drum parity error is detected.
Indicator 07 is unset when tested by program.

When the indicator is set the Drum Error lampon the console glows. I the Optional Stop switch
is on, then the computer stops as soon as the parity error is detected. In this case the Drum
Error light is extinguished when the computer is restartedbut indicator 07 remains set until tested

by program.

Notes The drum parity checking system is described in more detail in 2.13.2,

The technique for restarting after drum parity failure is discussed in Part 4.

Programmed Indicators 2.10.12
The ten programmed indicators are indicators 10 to 19. These indicators are identical in
operation and are set, unset and tested by means of instructions. The testing will not cause the.

indicators to be set or unset as a result of the test.

There are ten visual indicators (lamps) on the console, one for each indicator, which show the

state of the indicators.

indicators 10 to 19 2.10.13
Purpose These indicators are program controlled and are provided so that conditions can be

designated and then later differentiated.
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Operation  Indicators 10 to 19 are set by an instruction containing an 8 in the designation
position and are unset by a 9 in the designation position. Either of these two designations must
be combined with the number of the indicator (10 to 19) in the first and second positions of the

instruction. During Initial Orders, the 8 or 9 designation will be placed in the third position of

the instruction.

The lamp associated with a particular indicator glows when that indicator is set. The light is

extinguished when the indicator is unset.

Example It is required to set indicator 13 if the class of card designation held in position 12 of
1.A.S. location 32 (a relative address inblock 10) is a 5; (positions 0 to 11 are zeros); the indicator

is to be unset later in the program.

Instruction

| D| F A R NARRATIVE
35 || 60|.0032 |/jo | |Class of earddesignation transferred to R 8
— |63 | 0006 15 Subtract 5 held in 1A.S. location §, block IS5
Test-if ind.olset; ie. ifcard desrgnationis &,
3¢ |4 Q|9037 | B|  |isojumptelAS. location Z7ofThis block _
IF ind. Of unset, ;i straight 1o 1.A.5.
4| 0o | 0038 B locatrorn 38 é'?"uf’zfs Jsfocli °
37 (8|18 0000 | = | | Hindicater of set, set indicater 5 __
4| 00 | 0o3® B Jump lo [.A .S.location 38 of this block
T N——] i e~ M—— e
—— e ] e T —————
&5 B ! (et S (e
9| /3 4000 = Urnset indicator (3

An example of a test instruction for indicator 15 is shown in Figure 6.

Manual Indicators 20 to 29 2.10.14

There are ten manual indicators, i.e. 20 to 29, which are all identical in operation. These
indicators are set and unset by means of manual controls (switches) on the console display panel,
the operation of one of these switches causing its corresponding indicator to be set or unset. The
indicator will remain set until it is unset by operation of the appropriate switch, i.e. its state is

unaffected by test instructions.

The manual indicators are intended for use in applications where it is desired to make minor *

alterations to a program without recourse to reading in a different program.

Example In a payroll application a manual indicator could effect a change-over from weekly to
monthly payroll, the indicator being used to modify the program in such a way that the appropriate

monthly tax constants would be used instead of weekly constants during the P.A,Y.E. calculations.
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Figure 9: MAGNETIC DRUM

THE MAGNETIC DRUM 2.11
The magnetic drum is a backing store for the computer. Programinstructions cannot be obeyed
from the drum and the drum cannot be addressed directly other than to effect a transfer to or from

I.A.S. Program instructions are provided for executing drum transfers.

The drum store is much larger thanI.A.S. and it is thereforeusualto holdthe bulkof information
on the drum and to transfer the information to I.A.S. as it is required. However, access to the
drum is time conswming and the program should be arranged so that drum transfers are kept

to a minimum.

A standard drum has 12,000 storage locations., A computer may be fitted with a quarter
drumof 3,000 words, a half drum of 6, 000 words, or one or more standard drums up to a maximum

of eight drums.

Each 12,000 word drum is divided into two sections of 6,000 words and for timing purposes
is regarded as being two separate drums. There are no such divisions on the 3,000 word drums

or the 6,000 word drums.

The drum (Figure 9) is divided along its length into channels. A series of read/write heads
are positioned along the length of the drum for transferring information to and from each channel.
Each channel contains 200 words divided into groups of 10 words each called decades. The drum

rotates at a constant speed, the locations moving in sequence past the read/write heads.
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The decade is the smallest unit of transfer possible. In a drum transfer instruction, the drum
address specifiedis a decade address. The largest unit which can be transferredby one instruction
is 20 decades. 1t is possible to effect drum transfers either as a specified number of decades or
as a complete channel, If the transfer is more than one decade, then it is possible for the decades

to be taken from two separate channels provided that the decade numbering sequence is not broken.

The decade addresses of locations on the drum are shown in the table below.

Words Drum Number Decade Addresses
3,000 1 0000 to 0299
6, 0oo 1 0000 to 0599

12,000 1 0000 to 1199

12, 000 2 1200 to 2399

12,000 3 2400 to 3599

12,000 4 3600 to 4799

12,000 5 4800 to 5999

12,000 6 6000 to 7199

12,000 7 7200 to 8399

12,000 8 : 8400 to 2599

DECADE ADDRESSES OF 3,000, 6,000 AND 12,000 WORD DRUMS

If an address outside the range for any machine is specified in an instruetion, the machine will

stop due to failure to synchronize the clock source and the Slip Pulse lamp will glow.

The gap between decades is one word length and channel switching (i.e. when transferring
decades from the end of one channel and the beginning of the next) occurs while this gap is passing
the read/write heads.

Example Decades 59 and 60 (i.e. the last decade of one channel and the first decade of the next)
are to be transferred. The transfer will be completed 21 word times after the start of the

transfer of the first word of decade 59.

It is apparent that when transferring a specified number of decades the transfer time is the
same irrespective of whether the transfer extends over one or two channels. This rule does not
apply however when switching from the last decade of the first drum section to the first decade of

the second drum section or when channel switching between drums.

Switching between drums or switching between drum sections takes up to just over one drum

revolution.
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Example | If decades 1199 and 1200 (i.e. the last decade of drum number 1 and the first decade
of drum number 2) are transferred, then, on completion of the transfer of decade 1199, the transfer
stops until the central processor is clocked by the second drum. This may take up to just over one
drum revolution time. When the computer is clocked, decade 1200 is positioned at the read/write

heads and the second transfer is effected.

Example 2 1f decades 599 and 600 (i.e. the last decade of the first drum section and the first
decade of the second drum section) are transferred, then, on completion of the transfer of decade
599, the transfer stops until the central processor is clocked by the second section. This may
take up to just over one drum revolution time. When the computer is clocked, decade 600 is

positioned at the read/write heads and the second transier is effected.

Tn the two examples given, the maximum time taken for transfer of thetwo decades is anormal
access time, plus a little over one drum revolution clocking time, plus the normal transfer time
for two decades. The clock generator of the central processor is synchronized either by the drum

or drumsection currently in use, or by the drumor drum section to which reference was last made.

The arrangements referredto inthe preceding paragraphs are dealt with completely automatically
within the computer. 1t is only necessary to take note of these times under special circumstances
which involve time-sharing of the central processor between drum references and input or

output equipment.

In addition to the storage quoted for each drum, there are a further two channels (i.e. 400
locations) of reserved storage. On the first drum of each machine the reserved storage holds the
Initial Orders program and engineer's Test Routines. The reserved storage is not accessible to
the programmer for transfers from I.A.S. though transfers to I.A.S. from the reserved channels

are permissible.

Drum Instructions 2.1L1
All transfer instructions from and to the drum are double-length and occupy all twelve digits of
a storage location. There are two types of transfers; decade transfers and channel transfers.

The functions are 80 to 87; functions 84 to 87 involve the use of the reserved store.

Function 80 2412

Effect Transfers the contents of a specified number of decades of I.A.S. to the drum.

Operation The first location of 1.A.S. from which the transfer is made is that specified in the
instruction, successive transfers being from successively higher numbered locations of LA.S.
The information is taken from I.A.S. and is placed in Register A before being written on the drum.
The first location of the drum to which the transfer is to be made is the first location of the drum
decade specified in the instruction, successive locations being transferred to the second, third ...
tenth locations of that decade followed by the first, second, third ....tenth locations of successively

higher numbered decades. The contents of I,A.S, remain unaltered.
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I.A.S.

iy iy

Register A =

Example The contents of I.A.S, locations 249 to 388 (i.e. 14 decades starting from location 249)
are to be transferred to decades 0805 to 0818 on the drum.

Instructions [ D| F A R
80| 0249 | —

x —_——) e —— R e
/4 | 0805 | —

Function 81 2.11.3

Effect Transfers the contents of a specified number of drum decades to I.A.S.

Operation  The first location of the drum from which the transfer is made is that specified in
the instruction, successive transfers being from the second, third.....tenth location of that decade
followed by the first, second, third.....tenth locations of successively higher numbered decades,
The information is taken from the drum and is placed in Register A before being written into I, A.S.
The first locationof I,A.S. to which the transfer is tobe made is the first location of I.A.S. -specified
in the instruction, successive transfers being to successively higher numbered location of I.A.S.

The contents of the drum remain unaltered.

I.A.S.

Lt

Register A
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Example The contents of drum decades 0805 to 0818 (i.e. 140 words starting from decade 0805)
are to be transferred to I.A.S. locations 249 to 388.

Instruction | Dl F A R
x  |--|81.]..0249 | T _
14| 0805 | —
Function 82 2.11.4
Effect Transfers the contents of 200 locations of I.A.S. to a specified channel on the drum.

Operation The first location of 1.A.S, from which the transfer is made must be a multiple of
200, i.e. 0000, 0200, 0400..... or 3800. Successivewords aretransferredfrom successively higher
numbered locations of I.A.S. The information is routed through Register A. The drum address
specified in the instruction is the lowest numbered decade of the channel to which the transfer is to
be made. The transfer begins at the start of the first decade to reach the read/write heads. This
means that if I,A.S. locations 0 to 199 are to be transierred to drum decades 60 to 79 and drum
decade 74 is the first decade toreach the read/write heads, then; L.A.S. word 140 is transferred to
the first location of drum decade 74 followed in sequence by words 141, 142 ...... 199, 0, 1, 2..... to
139. The drum decades will be filled in the sequence 74, 75 ...... 79, 60, 61 .... to T3.

Example The contents of I,A.S. locations 200 to 399 are to be transferred to the 32nd channel

on the drum (i.e. decades 0620 to 0639).

Instruction | D| F A R
0200 =
« || 82|.0200_ L)
20| 0620 | —
Function 83 2.11.5
Effect Transfers the contents of a specified channel of the drum to 200 locations of L,A.S.

Operation As with function 82, the L.A.S. address must be 0000, 0200, 0400, ...or 3800. Also,
the drum address specified in the instruction is the lowest numbered decade of the channel from
which the transfer is made. The transfer begins with the first location of the first decade to reach

the read/write heads.

Example  The contents of the 50th channel of the drum (i.e. decades 0980 to 0999) are to be
transferred to locations 0800 to 0999 of 1.A.S.

Instruction | D F A R

83| OBOO | -

20| 0980 | —
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Note on Functions 82 and 83 If two channel transfers are succeeding instructions, then the
access time for the second channel transfer will be zero provided that both the transfers are to or

from the same drum or to or from the same drum section on 12,000 word drums.

Reserved Storage 2.11.6
As stated in 2.11, there are two additional channels of reserved storage on each drum from
whichthe programmer may transfer information or instructions to I.A.S., butto whichthe programmer

can only transier from I.A.S. if an engineer's adjustment is made to the computer.

Onthe first drum, partofthis storage is used to holdthe Initial Orders program of instructions,
which could be mutilated accidentally unless there was some restriction placed on its use by the

programmer.

This storage is decade addressed as follows:-
(a) 0000 to 0019 plus 1200 (n - 1) } where n is the number of the drum and
(b) 0100 to 0119 plus 1200 (n - 1) n = 1 for 3,000 word and 6, 000 word drums.

It will be appreciated that these addresses are also decade addresses of the 'free' storage on
each drum, the distinction being drawn by the computer according to the function codes used.
Functions 84, 85, 86 and 87 are used when transferring information or instructions to or from the

reserved channels.

If any of these functions is usedin such a way that the drum address in the instruction is outside
the specifiable address range for any of the reserved channels then the transfer will be made to or

from the address specified in free storage on the drums.

Function 84 2.11.7
Effect Transfers the contents of a specified number of decades of I.A.S. to the reserved

channels of the drum.

Operation Similar to function 80, but can only be accomplished with the assistance of the

engineer and has restricted use.

Example The contents of locations 129 to 248 of I.A.S. are to be transferred to decades

0102 to 0113 of reserved storage on the first drum.

Instruction | D| F A R
o —_—
x |.|84| 029 | —
12 |oloz | —
Function 85 2.11.8
Effect Transfers the contents of a specified number of decades of drum reserved storage to 1.A.S,

Operation  Similar to function 81.
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Example  The contents of decades 0004 to 0012 of reserved storage on the first drum are to be
transferred to locations 0302 to 0391 of LLA.S.

Instruction | Dl F A R
x || 88| 0302 |
09 | ocooy
Function 86 2.11.9
Effect Transfers the contents of 200 locations of I.A.S. to one of the reserved channels of the drum.

Operation Similar to function 82 but can only be accomplished with the assistance of the

engineer and has restricted use.

Example The contents of location 1200 to 1399 of I.A.S. are to be transferred to the second

reserved channel of the third drum.

Instruction 1 D[ F A R
X _.| 88| _r2o0_| —-_
20 | 2500 | —
Function 87 2.11.10
Effect Transfers the contents of a reserved channel of the drum to 200 locations of I.A.S.

Operation Similar to function 83.

Example  The contents of the first reserved channel of the fifth drum are to be transferred to
locations 1800 to 1999 of 1.A.5.

Instruction | D| F A R
< |.|87] 1800 | -
20| 4800 | —
Relative Addressing of Drum Instructions 2.11.11

The drum instructions have been explained using absolute addresses. Relative addresses can
be used, in which case the I.A.S, address and the drum decade address can refer to the same, or
to different relativizers. The appropriate relativizer reference number must be placed in each

half of the double-length instruction.

Example T R.R.N.15hasanl.A.S. address of 800 and a drum location address of 9800, the instruction

I D] F A R I D] F A R
X | 83| __0 |15 will be obeyed in the same way as X = —%3— 0L Pl
20 o 15 20| 0980 | —

and the contents of the 50th channel of the drum (decades 980 to 999) will be transferred to locations
800 to 999 of 1,A.S.

3165(2.64) Part 2 65




Example If R.R.N. 17 has an 1.A.S. address of 240 and a drum location address of 5000, and
R.R.N. 18 has an I.A.8. address of 360 and a drum location address of 8000 the instruction

I D] F A R I D] F A R
o2 =

X -- 18-’— —_vj——— —!Z— will be obeyed in the same way as X - ~8!— -———/f—?- ——
177 5 8 e | o805 | —

and the contents of drum decades 0805 to 0818 will be transferred to I.A.S. locations 249 to 388.

THE CONTROL REGISTERS 2.12

Instructions are normally obeyed in the sequential order in which they are stored in I.A.S.
Instructions are transferred from I.A.S. by way of Register A to the control registers before

being obeyed.

There are three control registers CR1, CR2 and CR3, each six digits in length and therefore
capable of holding one single-length instruction apiece. The circuitry of the control registers is so
arranged that after the second instruction in a word has been obeyed, control is transferred
automatically to the first instruction of the next word. This sequence is broken only when a

programmed jump occurs.

An instruction is actually obeyed when the instruction is inCR1. Figure 10 shows two transfer
paths, one for an instruction other than a jump instruction and the other for a jump instruction.

The sequence of operations for each instruction is as follows:

(a) An instruction other than an indicator test entering CR1 is obeyed. The contents of CR3
move into CR2, the previous contents of CR2 move into CR1 and the previous contents of

CR1 have one added in the least-significant position before being moved into CR3.

(b) When an indicator test enters CR1 and is unsuccessful, then the transfer sequence is as

follows:

(i) The contents of the first half of the I.A.S. location specified in the instruction are
transferred to the second half of Register A; the first half of Register A will eontain

zeros in all six positions.

(ii) The contents of CR3 move into CR2, the previous contents of CR2 move into CR1 and
the previous contents of CR1 have one added in the least-significant position before

being moved into CR3.

(c) When an indicator test instruction enters CRI and is successful, a change of control takes

place and the transfer sequence is as follows:

(i) The contents of the I.A.S. location in the address part of the instruction are moved

from 1.A.S. into Register A.
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(ii) The contents of Register A are moved into CR1 and CR2. The previous contents of
CR2 and CR3 are moved into Register A and the previous contents of CR1 have one

added in the least-significant position before being moved into CR3.
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Figure 10: THE CONTROL REGISTERS

An indicator test instruction counts as a jump instruction only if it is successful.
When an indicator test instructionis transferredirom CR1to CR3 (with one added) the function

digits are zeroized i.e. the instruction is converted into an unconditional jump instruction.

The following example shows the contents of the different registers for the given portion

of program.

i bl A R NARRATIVE
20 |--|37|._f20__| = | |Transfer word 1200f1-AS. toRegister B
68 | 121 - Compare Register Bwith |.A.5.12¢
= 7 3]
S Y I I e R VA 7
8| 1 othevrwise set indicator ff
22 || e I

Assume location 120 contains 000000000615 and that location 121 contains 000000000600

thus making indicator 02 unset.
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Register A Register A
CR3
CRIL First Half CR2 Second Half
Instruction in CR1 obeyed 370120 oooooo 680121 000615 004021
Contents of control registers shifted - 680121 000000 004021 0006815 370121
Normal path.
Instruction in CR1 obeyed 680121 999999 004021 999985 370121
Contents of control registers shifted - 004021 999999 370121 999985 680122
Normal path.
Change oficontrol. Contents of location 21 004021 0240232 370121 118000 680122
enter Register A.
Contents of control registers shifted - 024029 370121 118000 680122 004022
Change of control path.
¥ns.truct10n in CR1 obeyed - unsuccessful 024022 000000 118000 Word 004022
indicator test. 22a
Contents of control registers shifted - 118000 000000 004022 Word 004023
Normal path, function digits zeroized. 22a
“T
Instruction in GR1 obeyed 118000 000000 004022 232‘1 004023
Contents of control registers shifted - 004022 000000 004023 Word 118001
Normal path. 22a
Change Of.control. Contents of location 22 004022 Word 004023 Word 118001
enter Register A, 22a 22b
Contents of control registers shifted - Word 004023 Word 118001 004023
change of control path. 22a 22b

It is apparent that adding one to the contents of CR1 before storing in CR3 causes the words to

be obeyed in sequential order unless there is a programmed jump to another part of the program,

For explanation purposes the contents of the registers have been shown as though the control
register shift does not take place until the instruction in CR1 has been obeyed. In practice the
shift takes place as soon as the instruction in CR1 has been initiated and while it is still in the
process of being obeyed. For a control change the control register shift is also an integral part of
the change of control process. In either case, therefore, the shifts will always be carried out
before the computer stops. The quantities in heavy outline (e.g. I680121 000000 004021 000615
370121|) are the numbers which will be displayed in the registers if the computer is stopped

manually after each instruction.

It is apparent that:

(a) CR3 contains the instruction which has just been obeyed with one added to its address.
(b) CRI contains the next instruction to be obeyed if the computer is restarted.

(c) Whenthere has been a change of control between consecutive words of program, Register A
contains the previous two instructions which have been obeyed, each with one added to its

address (and indicator number zeroized if the instruction was an indicator test).
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The following example shows the contents of the different registers for the same portion of

program used in the preceding example with the assumption that:

Location 120 contains 000000000500 and Location 121 contains 000000000600 thus

causing indicator 02 to be set.

Repgister A Register A

First Half 2 Second Half G

CRI1

Instruction in CR1 obeyed 370120 000000 680121 000500 004021

Contents of control registers shifted -

680121 000000 004021 000500 370121

Normal path.

Instruction in CR! obeyed 680121 000000 004021 000100 370121
Contents of control registers shifted - 004021 000000 370121 000100 680122
Normal path.

Ch f control. Contents of location 21
ange ol contro ontents of location 004021 024022 370121 118000 680122
enter Register A.

Contents of control registers shifted - 024022 370121 118000 680122 004022
Change of control path.
Programmed change of control. Contents of Word Word

4
location 22 enter Repgister A. Heries 22a 115000 22b Roshze

Contents of control registers shifted - Change Word 118000 Word 004022 004023
of control path. Function digits zeroized. 22a 22D

Note that zeroizing the functiondigits ontransfer to CR3 puts an 'unconditional jump to word 23"
into CR3. This will ensure that when the instructions in word 22 have been obeyed, control will

be transferred to word 23.

The contents of Register A, following a programmed change of control, provide a convenient
method for a general purpoSe routine to restore control to the main program. The contents of
Register A following a control change can also be useful for modification purposes. These

techniques are discussed in Part 4.

When the first half of a double-length instruction enters CR1 this is detected by the machine
and the instruction is obeyed from both CR1 and CR2. During the execution of double-length
instructions, the instructions are modified in the control registers. When the instruction has been
obeyed it is transferred to CR2 and CR3 but the addresses of both halves may have been modified
(other than by having one added). At the change of control which immediately follows a double-length
instruction, the contents of CR2 and CR3 are transferred to Register A. These contents can be

useful for modification purposes and the relevant details are given in Part 4.
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PARITY CHECKING SYSTEMS 2.13

Facilities are provided for checking errors which might occur when information is being
transferred either between I.A.S. and the registers, or, between the drum and I.A.S. A word
contains 48 data bits representing the 1, 2, 4 and 8 streams for each digit position. In addition

to the data bits a word contains extra bits which are used for checking purposes only.

LA.S. Parity Checking 2.13.1

A word in I.A.S. consists of 48 data bits and two additional bits termed check bits. The two
check bits are generated every time a word enters Register A prior to being stored in I.LA.S. One
check bitis associated with thefirst half of the word and the other with the second half of the word.
The first half of the word consists of the six most-significant digits and the second half of the word

consists of the six least-significant digits.

In Register A the word is examined to ascertain whether the sum of the 1-bits in each half of
the word is odd or even. I the sum of the 1-bits in the first half of the word is an odd number, a
1-bit is generated to make the total even. This ensures that the first half of every word entering
I.A.5. from Register A is of even parity. If the sum of the 1-bits in the second half of the word
is an even number, a 1-bit is generated to make the total odd. This ensures that the second hali

of every word entering I.A.S. from Register A is of odd parity.
Example The word 012345678901 is to be examined to ascertainthe parity of each half of the word.

This is recorded in storage as:-
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Number of 1-bits in first half (012345) = 7.

This is an odd number, therefore a 1-bit is generated to make the total even (8).
Number of 1-bits in second half (678901) = 9.

This is an odd number therefore no 1-bit is generated and the total remains odd (9).

Whenever a word enters Register A from I.A.S. it is checked for even parity in the first half

and for odd parity in the second half. Then:

(2) If the parity.check fails during a transfer to the control register the computer stops

automatically and the I.A.S. to Control Register lamp glows.

(b) If the parity checkfails during any other transfer fromI,A.S., indicator 06 is set, the I.A.S.

Error lamp glows and if the Optional Stop switch is set, the computer stops.
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A parity check failure means that a transfer error has occurred either during the current

transfer from I.A.S., or during the previous transfer to I1.A.S.

When a transfer is made from I.A.S. to Register A the parity check is carried out and then the
I.A.S. parity bits are regenerated and the word is re-storedin the location from which it originated.

The programming implications of this are discussed in Part 4.

Drum Parity Checking 2.13.2
A word on the drum consists of 12 data digits and one extra digit for checking purposes. The
check digit is generated immediately before a word is transferred to the drum. The check digit is
generated as follows:
(a) The sum of the 1-bits in the data word is subtracted from 14.
(b) The number of times 14 can be subtracted from the sum of the 1-bits is multiplied by 16.
{c) The product obtained inthe second operation is addedto the result obtained in the first opera-

tion to produce the check digit.

Example
No. of Check
“f

ord L-Ki¥s Step 1 Step 2 Step 3 Bigit
001234432100 10 14 - 10 =44 |10+ 14 = 0 + remainder,0 x 16 = 0 |+4 + 0 = 4
123456789012 17 14 - 17 = -3 |17 2 14 = | + remainder, 1 x 16 = 16 | =3 + 16 = 13
7777777177717 36 14 - 36 = -22|36 ¢ 14 = 2 + remainder,2 x 16 = 32 | =22 + 32 =| 10
5515151515151515151515| 48 14 - 48 = 3448 + 14 = 3 + remainder,3 x 16 = 48 | =34 + 48 =| 14

When a word is transferred from the drum, the check digit is calculated from thetransferred
data bits. This check digit is compared with the check digit stored with the word. If these are
not the same then the parity check iails, indicator 07 is set and the Drum Error lamp glows. If

the Optional Stop switch is set then the computer stops.

A parity check failure means that a transfer error has occurred either during the current
transfer from the drum or when the information was previously transferred to the drum. The

programming implications of this are discussed in Part 4.

Timings 2.14
The following table shows the speeds and timings associated with the central processor. Notes

on using these to time a complete program are given in Part 4.
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Function Time taken to execute function
37 21 ps
40 21 ps
41 21 ps
Transfer
42 21 ps
Instructions
43 21 ps
44 17 ps
45 26 ps per word transferred
60, 70 21 ps
61, 71 21 ps
62, 72 21 ps
Decimal 63, 73 21 ps
and 64, 74 25 ps
Sterling 65, 75 25 G
Addition 66, 76 25 us
and 67, 77 25 ps
Subtraction 68, 78 25 s
22 12 ps
21 12 ps
69, 79 Maximum 44(bn + 2 + m) ps
Minimum 44(n + 1 + m) ps
where n = number of digits in
the multiplier (excluding non-
e significant zeros)and m = P - n
if positive and 0 otherwise,
where P is the number entered
in the Decimal Point Register.
Logical 35 21 ps
Functions 36 21 ns
30 21 ps
31 21 ps
Row-binarizing 32 21 ps
33 21 ps
34 21 ps
54 17 ps
Shift 55 34 ps
Instructions 56 17 ps
57 17 ps
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Time taken to execute function

A program instruction to test, set or unset any indicator

Indicators takes 12 ps. (See Note.)

Do Nothing The 'Do Nothing' instruction takes 12 ps.

The magnetic drum revolves at 5240 r.p.m. i.e. one drum

revolution takes 11.45 ms.

For a decade transfer the access time varies between 0 and 1
drum revolution. Therefore average access time = 5.7 ms.
Transfer time = ,57 ms per decade. Hence for functions 80,
81, B4, 85, average time = (5.7 + .57n) ms. Maximum time =
(11.4 + .57n) ms. Where n is the number of decades .
transferred. If there is a change of drum or a change to the

The Magnetic
other half of a 12, 000 word drum (this may be before or during

Drum

a transfer) a maximum of 12 ms must be added.
For a channel transfer the access time varies between 0 and
the time for the decade to pass the read/write heads.
Transfer time = 1 drum revolution. Therefore for functions
82, 83, 86, 87, average time = 11.7 ms; maximum time = 12ms.
If there is a change of drum or a change to the other half of a
12, 000 word drum before the transfer a maximum of 12 ms
must be added.

The Control . The chanpge of control between two consecutive words of

Registers program takes 12 ps. (See Note.)

Note An indicator test instruction takes 12 microseconds whether or not it is successful, If

it is successful then this time represents the change of control, hence, when jumping to a word of
program, this takes the place of thenormal 12 microseconds control change from the previous word.
It follows that a jump instruction effectively takes no time at all and for this reason, if the second

half of awordhas to be wasted, itis preferable to use anunconditional jump rather thana 'Do Nothing'.
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Example

| DI F A R NARRATIVE
Contents of I.A-5.12, block (7
o5 || 80| 002 | 17| |inko Resister Buia'Mill_
é Te . s =
slos|orer & | [Habhdisiray Foct e
IFind. 03 not set, surile contentsof Req.Bin
s 42| o018 |17 M.s.ﬁefuockl/then Jump to worcl 127 8f blecld
126 DT NOCK (L hen mp To sword 127 Sf bleck
4loo | 0127 | B

"Here the unconditional jump instruction brings about an immediate control change and the

contents of location 127 are transferred to the control registers.

12 microseconds and would then have been followed by a control change.

74

Part 2

A '"Do Nothing' would have taken
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Part 3

Peripheral
Equipment

INTRODUCTION 3.1

The term 'Peripheral Equipment' is used here to define those machines which can be used

with 1300-series Computers to facilitate the input or output of data.

All such equipment associated with the 1300-series Computer System is controlled by program.
Any program instruction to control a unit of peripheral equipment (other than magnetic tape)is of

the form:

38 | Ooxy

where 38 is the function component that directs that the instruction applies to an input/cutput unit;
and x and y are two numbers, eachhaving a value from 0 to 9, that comprise the address component
that specifies the operation to be executed by that unit. The various program instructions for
the utilization of this equipment are explained in this secticn and indications are given of how to
combine them into programs., There are, however, standard subroutines available for all units
and it is recommended that these should be used. There is also a Print, Punch and Feed (P.P.T.)
Program available that controls the programming for the printer, card punch and card reader ona

time-sharing basis.

The various units of peripheral equipment are considered separately in sections. Each

section is then [urther broken down into the following parts:

{a) A general description of the unit,

(b) instructions that can be given to the unit,

(c¢) indicators associated with the unit,

{d) programming,

{e) timings.

With regard to item (d), it is impossible to give a set method of programming because of
the variety of requirements that can arise. It is only possible to give some typical examples.
Here again it is relevant to make mention of the existence of established subroutines, which are
recommended for use. In the examples given, standard flowcharting symbols are used and reference

is made to subroutines and modifications. These techniques are discussed in Part 4,
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THE CARD READER 3.2

The card reader reads information punched in 80-column cards and stores it in the computer
in a coded form. The cards are fed face down, column 80 leading and are read column by column
by means of photo-electric reading stations (see Figure 11). The cards are read {irst by a reading
station, and thenby a check-reading station (which is situated one column behind the reading station)
and the two readings compared automatically for checking purposes. The checked information is

read into Register C from where it is stored by program in sets of six column readings.

Each character is representedin the computer by a zone component and a numeric component,
A blank column is entered with zone and numeric components both zero., The zone and numeric
components for each set of six columns are read successively into Register C, and are stored in
I.A.S. by program before being overwritten in Register C by the contents of the next six columns.
Figure 12 shows the successive sets of six card columns to occupy Register C, and the disposition

of the zone component and the numeric component for each card column.

For the standard punching code, the coded zone component lies in the range 1 to 5, and the
numeric component is the same as the numeric punching in the card. The standard code for
punching is shown in Figure 13, together with the computer zone component. For alphabetic
characters, which are represented by two holes in one column, the upper hole is translated as a

number in the range 1 to 5 and the lower hole by its number.

Stacker Hopper
Capacity 2, 000 Capacity 2, 000
Cards Cards

Photo-electric
Sensing

A

Col. 80 Col. 1

«¢— Reading Station

Checkihg
Check
-reading
Station Coding
Auxiliary \ \
Stacker i
Capacity 500 Cards ZONES | NUMERIC
[l
REGISTER C ,

Figure 11: THE CARD READER
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REGISTER C POSITIONS

1 2 3 4 5 6 7 8 9 10 11 12
75 76 77 78 79 80 75 76 77 78 79 80
69 70 71 72 73 74 69 70 71 72 73 T4
63 64 65 66 67 68 63 64 65 66 67 68
57 58 59 60 61 62 57 58 59 60 61 62
51 52 53 54 55 56 51 52 55 54 Che 56
45 46 47 48 49 50 45 46 47 48 49 50
39 40 41 42 43 44 39 40 41 42 43 44
33 34 35 36 37 38 33 34 35 36 37 38
27 28 29 30 31 32 27 28 29 30 31 32
21 22 23 24 25 26 21 22 23 24 25 26
15 16 17 18 19 20 15 16 7 18 19 20
9 10 ¥l 12 13 14 9 10 1l 12 13 14
3 4 5 6 7 8 3 4 5 6 7 8
1 2 1 2

Zone Component

Numeric Component

Successive content of Registeeruring card reading, showingdisposition of card columns, No

assumption can be made about the contents of positions marked with an asterisk.

Card
Punching

Figure 12:

Numeric
No Overpunch

Numeric
+ 10 Overpunch

Numeric
+ 11 Overpunch

CONTENTS OF REGISTER C DURING CARD READING

Numeric
+ 0 Overpunch

Numeric
+ 1 Overpunch

10 10
11 11
0 0
1 1 A J &
2 2 B K S %,
3 3 C L T i
4 4 D M u -
5 5 E N v /
6 6 F 0 W 1
7 7 G P X
8 8 H Q Y @
9 9 1 R Z 2
Coded
Zone
Component 1 2 3 4 5
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Example Suppose that columns 75 to 79 of a card are punched with the characters 10, 3, A, N

and Z respectively and that column 80 is blank. The columns will be punched as [ollows:

Column 75 76 77 78 79 80

Punch Position(s) 10 1 &6 10 & 1 11 & 5 0 &9 Blank

Immediately after columns 75 to 80 have been read at the reading station, Register C will be

as follows:
Zone Numeric
Components Components
Card Column 75 76 77 78 79 80 75 76 77 78 79 80
Contents of Register C. 1 5 2 3 4 0 10 6 1 5 g 0
Digit Positions 1 2 3 4 5 6 7 8 9 10 11 12
Time available for Programming 3.:2:1

The card reader is cyclic in operation, one cycle being the time taken to feed and read one
card., If the instruction to feed a card is not received within a certain time after the last six
columns of the previous card have been read, then a cycle is missed. The card reader unlatches
and a full card cycle elapses before the next card can be fed. It follows that the time hetween
successive cards being readis a multiple of the cycle time and that if alternate cycles are consist-

ently missed, the card reader is reduced to half its maximum speed.

Once the instruction has been given for a card to be fed, it is automatically moved through the
card reader and the information from the card transferred into Register C. The only program
instructions required are those to store Register C at six-column intervals. During the card
cycle, therefore, there is a considerable amount of time for which the reader requires no program
control and it is possible to use this time to obey other program instructions. This process is
known as time-sharing and can considerably speed up the overall time required for processing

a job.

Time is available for programming between giving the instruction to feed a card and reading
the first six columns, and between reading successive sets of six columns. The actual cycle
times and time available for programming are given later in this section, Care should be taken

to ensure that the program does not take longer than the time available.
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Card Read Instructions 3.2.2
Instruction 380002

Effect This instruction will initiate the feedingof a single card. After the card has been read,

card feed automatically stops.

Operation When a 380002 instruction is given, a card is fed into the reader and moved through
it. If the instruction does not follow within a given time from the last six columns of the previous
card having been read, then the card reader unlatches and a full card cycle elapses before the next

card is fed.

Instruction 380007
Effect This instruction causes a card to be ejected into the reject stacker.

Notes Instruction 380007 is provided to enable the program to cause a card to be ejected to the
reject stacker if an error arises. TFor example, a card may be rejected if that card slips during
feeding, thus causing a card read error; or if a programmed sequence check fails, thus indicating
that the cards are out of order. A 380007 instruction cannot be given until after the first six

columns are read, and there is a time limit after which it cannot be given.

Card Read Indicators 3.2.3
Indicator 35 Card Reader Ready

Purpose This indicator is set when the card reader is in a ready condition.

Operation Indicator 35 is unset when a 380002 instruction has been given, but the card has not
yet moved far enough for reading to commence. It is also unset when any of the following external

conditions arise to cause the reader to be unready (i.e. the Card Reader Interlock is set):

) The Emergency Stop button has been operated,

~

(a
(b) the feed hopper is empty,

(c) there are less than 350 cards in the hopper and the card weight has been removed,
(d) the main stacker is full,

(e) the reject stacker is full,

(f) the power supply to the card reader has been cut off,

(

g) a card jam or mis-feed has occurred.

This indicator remains unset until the condition has been remedied and the Start and Reset

manual control has been operated.

Notes Indicator 35 should be tested by program prior to giving a 380002 instruction to ensure

that none of the above conditions has arisen.

The 380002 instruction unsets indicator 35 and it remains unset until shortly before the first

six columns are read, when it is set to indicate to the program that reading is about to commence.
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At this stage the indicator is set even if external conditions have arisen which would normally cause

it to be unset,

At any stage during the reading of a card another card may be called; indicator 35 will then

be unset and remain so until reading is about to commence on the second card.

It is recommended that indicator 35 should be tested again before preparing to read a called
card. This will ensure that the card is in the correct position for reading and also that indicators

37 (6 Columns Missed), and 38 (Mischeck) have been unset.

Indicator 36 6 Columns Read
Purpose This indicatoris set whensix columns have been read into Register C, and indicates to

the program that information is ready to be stored.

Operation  After the data contained in a set of six card columns has been read into Register C,
the register is full. It is required that the contents of this register be transferred to I.A.S, before
being overwritten by the data from the succeeding six card columns. When indicator 36 is set,
after each six columns is read, it shows that Register C is full and ready for its contents to be

transferred to store.

Indicator 36 is unset when tested by program. If the indicator is not tested (and therefore not

unset) by program it is unset automatically after a fixed time interval.

Indicator 37 6 Columns Missed

Purpose This indicator is set when the contents of Register C are overwritten without having

been transferred to store.

Operation Indicator 37 is unset for each card cycle just hefore indicator 35 is reset after a
380002 instruction. If indicator 36 is unset automatically, then indicator 37 is set. It follows that
if indicator 37 is set, then the program did not test indicator 36 before it was automatically unset;
therefore the contents of Register C werenot stored before they were overwritten, i.e. six columns

have been missed. Indicator 37 is unset when tested by program.

Indicator 38 Mischeck

Purpose This indicator is set if the reading station and the check-reading station make an unsuc-

cessful comparison of data read from one card column.

Operation Indicator 38 is unsetfor each card cycle just before indicator 35 is reset after a 380002
instruction. Indicator 38 is set if the reading station and the check-reading station have made an

unsuccessful comparison; it remains set until tested by program, when it is unset.

Notes Indicator 38 should be tested whenthe last six columns ofa cardhave been read, to check
that a card has been read correctly. Thus, this indicator must be tested before it is unset at the

next card cycle and the mischeck indication lost.
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If a programmer is using information on the last columns of a card only, it is permissible to
start the main program when the required information has been stored, even though the columns
will still have to be read into Register C. If this is done, however, it is advisable to wait until
the 6 Columns Read indicator is set for the next six columns and then test indicator 38. If this is
not done an error may not be detected. However, this technique is not advised as mistakes are
often made and the saving in time is small. In particular, care must be taken to ensure that
multiplication does not take place before card reading has finished, since bothoperations make use

of Register C.

A Card Read Program 3.2.4

Figure 14 overleaf shows a subroutine to read one card and demonstrates the sequence in which

the card read instructions and indicators are used.
This subroutine allows time-sharing between calling a card and reading the first six columns,

On the first entry indicator 19 must be unset. After the card has been called, control is

restored to the main program.

On the second entry the card is read and its contents stored in I.A.S. under relativizer 3

as follows:

I.A.S. Word 1 2 3 4 5 6 7 8 9 10 11 12
Relativizer 3

0 1 2 " 1 2
1 3 4 5 6 7 8 3 -4 5 6 7 8
2 9 10 11 12 13 14 9 10 11 12 13 14
3 15 16 17 18 19 20 15 16 17 18 19 20
4 21 22 23 24 25 26 21 22 23 24 25 26
5 27 28 29 30 31 32 28 28 29 30 31 32
) 33 34 35 36 37 38 33 34 35 36 37 38
7 39 40 41 42 43 44 39 40 41 42 43 44
8 45 46 47 48 49 50 45 46 47 48 49 50
9 51 B2 53 54 55 56 51 52 53 54 55 56
10 57 58 59 60 61 62 57 58 59 60 61 62
11 63 64 65 66 67 68 63 b4 65 66 67 68
12 69 70 71 72 73 74 69 70 7l 72 73 74
13 75 76 7, 78 79 80 75 76 7 78 79 80

Zone Component Numeric Component
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Figure 14: AN EXAMPLE OF A CARD READ SUBROUTINE
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1100 JOB SUBROUTINE To BLOCK No —
SERIES
PROGRAM READ | CARD - PARTIAL TIME-SHARING SHEET Mo 2/2
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"‘—-;——-—\_‘_,— N )

Figure 14 continued

If six columns are missed or if an error occurs on reading, the card is rejected and the
computer stops with 110333 displayed in CR3. A re-start program is included after the error
stop. The rejected card should be replaced at the bottom of the pack in the hopper. When the

Start button is pressed the card will be re-read.
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Timings SURBITON, SURREY. KT6 5PL. §.2.5
Two types of card reader are available with the 1300-series Systems. These are identical
in specification except that they operate at different speeds. The speeds and timings associated

with the card reader are shown for both types in the following table.

Maximum speed at which 600 cards 300 cards
cards can be read a minute a minute
(minimum ( minimum
times) times)
Time for one complete card cycle 100 ms 200 ms
Time after 14th 6 Colurmns Read in which a
Call Card Instruction may be given to 2.44 ms 7.3 ms
maintain continuous running of the reader.
Time between calling a card and the first 36.1 ms 70.4 ms
6 Columns Read if the card reader has been
unlatched. Register C comes into use for
card reading before the first 6 Columns Read.
Therefore if multiplication is taking place 32.4 ms 60.75 ms
this should be reduced to:
An instruction to call the next card may be given
any time during the reading of the current card.
When the reader is running continuously the time
between the 14th 6 Columns Read and the 1st
6 Columns Read of the next card is: 40 ms 80 ms
If multiplication is taking place this should be
reduced to: 35.4 ms 70.8 ms
Interval between successive 6 Columns Read.
P AT, . . N 3.18 ms 6.36 ms
Multiplication cannot be carried out during this time.
Time after 14th § Columns Read during which a
5 p ; ; 25.4 ms 50.8 ms
Reject Card instruction can be given.
Time after which 6 Columns Read indicator (36) is
; ; . 538 ps 1076 ps
automnatically unset if not previously unset by program.
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THE CARD PUNCH 3.3

The card punch receives information from the computer, and punches it in 80-column cards.
The cards are fed face down, 10-edge leading. Punching is effected by a single row of 80
magnetically-actuated punch knives, punching in each card row in sequence; 10, 11, 0, 1 ...... 9.
As each row comes under the knives, the computer sends an impulse to the punch magnets for
each column required to be punched with that digit value. The punch magneis are in two groups
having separate controls: the Left group effecting punching in columns 1 to 40, and the Right

group effecting punching in columns 41 to 80.

Information is sent to the punch from Register B in two transfers of 40 bits (row-binary); 0
signifying do ner punch and 1 signifying punch.  Synchronization between the computer and the
punch is achieved by means of timing signals from the punch, and their effect oncertain indicators

(54 to 58) within the computer. This is explained under 3.3.3 Card Punch Indicators.

Checking of Punching 3.3.1

While one card is being punched the previous card is check-read at a brush sensing station.
The checking of punching is effected by reading the data in the card just punched, entering it back
into the computer and comparing it by program withthe I.A.S. information from which the card was
punched. The data is read back from the card by a set of 80 brushes, one card cycle behind the
punch magnets. The data is readfor each row in turn, and is entered into Register B in row-binary
form immediately after the corresponding row of the following card has been punched. The
contents of Register B are then compared by program with the row-binary information, stored in
1.A.S., from which the punching was derived. The punch can be instructed so that in the event of
an error being detected it will offset the error card about half an inch lengthways as it is fed to the

stacker.

The normal error procedure is as follows: both the cards being processed when the check
fails, i.e. the one passing the punch brushes, and the next one, i.e. the one being punched, will be
offset in the stacker by program. An attempt will then be made to repunch the same data in the
next two cards, and check the punching. If the check fails again this process is repeated. The
reason for offsetting two cards and then repunching both, when an error is detected in the first
card, is that this method enables the offset cards to be removed without affecting the order of the
cards. If only the error card were to be offset and repunched after the card passed the punch
magnets, the order of the error card and the following card would have to be reversed on extraction

from the stacker.
The relation between the punch magnets, punch brushes, and cards is shown diagrammatically

in Figure 15,

It should be noted that when an unsuccessful comparison is made, an error may have occurred
either in the punching or in the reading back into the computer; a card which has been offset will

not necessarily be wrongly punched.
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Punch Instructions 3.3.2

Instruction 380042
Effect A 380042 instruction will cause the card feed Lo operate for one card cycle.

Operation On receipt of the instruction one card will be fed into position under the punch knives,
and each card in the card track will move one card cycle towards the stacker. If a 380042
instructionis not given withina certain time after the previous one, the punch motor is automatically
switched off. The motor is switched on again automatically when the next 380042 instruction

is given.

Instruction 380043

Effect Instruction 380043 causes punching to take place on the Left group of punch knives

(columns 1 to 40).

Operation  When a 380043 instruction is given the contents of Register B will cause punching to
take place in columns 1 to 40. The presence of a 1-bit in any position of Register B will cause the
associated punch magnet to be energized. The bit positions of Register B will be associated with

punch magnets as shown below,

1 2 3 4 5 6 7 8 9 10 1112
i
%/ // 1 2 3 4 5 6 7 8 9 10 1
2/ / 1|12 13 | 14| 15 | 16 | 17 | 18 19 | 20 2
//;;,/.ﬁff; % 21 | 22 23 | 24 | 25 | 26 | 27 | 28 29 | 30 4
é/'"' ZE 32 33 | 34 35 36 | 37 38 39 | 40 8

Instruction 380044

Effect Instruction 380044 causes punching to take place on the Right group of punch knives
(columns 41 to 80).

Operation When a 380044 instruction is given, the contents of Register B will cause punching to
take place in columns 41 to 80. The presence of a 1-hit in any position of Register B will cause
the associated punch magnet to be energized. The bit positions of Register B will be associated

with the punch magnets as shown as follows:
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W // 41 42 43 44 45 46 47 48 49 50 1
7 51 52 53 54 55 56 57 58 59 60 2
6l 62 63 64 65 66 67 68 69 70 4
/ / 71 72 73 74 75 76 77 78 79 80 8
Instruction 380045
Effect Instruction 380045 causes one row of data punched in columns 1 to 40 of the card passing

the punch brushes to enter Register B for comparison with the originating data.

Operation Whena 380045 instruction is giventhe data holes punched in one row, of columns 1 to 40,
are sensed by the punch brushes, and the information is entered into Register B in row-binary

form and with the same column-to-hit position pattern as that for instruetion 380043.

Notes It is essential to clear Register B before using this instruction.

Instruction 380046

Effect Instruction 380046 causes one row of data punched in columns 41 to 80 of the card passing

the punch brushes to enter Register B for comparison with the originating data.

Operation Whena 380046 instruction is given, the data holes punched inone row of columns 41 to 80,
are sensed by the punch brushes, and the information is entered into Register B in row-binary

form and with the same column-to-bit position pattern as that for instruction 380044.

Notes It is essential to clear Register B before using this instruction.

Instruction 380047

Effect Instruction 380047 causes a selected card to be offset lengthways in the stacker by about

half an inch.

Operation When a 380047 instruction is given, the card that has just left the punch brushes will
be offset when it is fed to the stacker. This instruction must be given before the next 380042
instruction otherwise the wrong card will be offset. The instruction is normally given immediately

after the checking of the punch data.

There is a visual indicator above the stacker which glows when one or more cards in the

stacker have been offset.

Notes When, during checking of punching,the check-read data and the original data do not
correspond, the cardatfault canbe offset inthe stacker by giving a 380047 instruction. Alternatively,
the instruction can be used to offset a card if indicator 57 or 58 is tested and found to be set (see

Section 3.3.3).
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Card Punch Indicators 3.3.3
Indicator 54 Punch Ready
Purpose Indicator 54 is set when the punch is available for use.

Operation  Indicator 54 is unset by the Card Punch Interlock, and automatically by a 380042
instruction. The Card Punch Interlock will cause the indicatorto be unset when any of the following

conditions arise:

(a) The hopper is empty, (e) the Emergency Stop manual control has been operated,
(b) the stacker is full, (f) the power supply fails,

(c) a card jam has occurred, {g) the die is removed,

(d) a misfeed has occurred, (h) the knock-off bar is removed.

The indicator is automatically set at the end of each card cycle.

Indicator 55 Punch Index Point Time

Purpose Indicator 55 is automatically set as each row of punching positions of a card is positioned

under the punch knives ready for punching.

Operation As each row is positioned under the punch knives, indicator 55 is automatically
set to indicate that the punch magnets are ready to receive the information in Register B in
row-binary form. Indicator 55 is unset when tested by program. If the indicator is not unset

(by testing) within a certain time, it is unset automatically.

Indicator 56 Check Index Point Time

Purpose Indicator 56 is automatically setas each row of punching positions is positioned over the

brushes ready for checking.

Operation  As eachrow is positioned over the brushes, indicator 56 is automatically set to indicate
that the checking station is ready to enter data in row-binary form into Register B for checking
purposes. Indicator 56 is automatically set a short time after indicator 55 is unset. Itis unset

when tested by program, or automatically after a certain time if not tested.

Indicator 57  Punch Index Point Time Missed

Purpose Indicator 57 is set in the event of indicator 55 being unset automatically (i.e. it has not

been tested by program) indicating that it is too late to punch the associated row,

Operation If within a certain time of being set, indicator 55 is not tested and unset by program,
it is unset automatically and indicator 57 is set, This will normally only happen if the program
has consumed so much time since indicator 55 was last tested and found tobe set, that indicator 55
has been set and unset automatically so that it is toolate to punch the associated row. Indicator 57

is unset when tested by program.
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Notes The testing of indicator 57 will permit the appropriate error routine to be brought into
operation if the index point time is missed. If this indicator is not tested, and an index point time
has been missed, the computer will go into a continuous loop after punching the last row. This is
because the index point counter has not been reduced to zero by the time the last row has been
punched but holds the number of index point rows missed. Since the counter does not show zero

the computer goes into a continuous loop, testing indicator 55 which remains unset.

Indicator 58 Check Index Point Time Missed
Purpose Indicator 58 is set in the event of indicator 56 being unset automatically (i.e. it has not
been tested by program) indicating that it is too late to check the associated row of punching

positions for correct punching.

Operation Except that it is associated with indicator 56, and is concerned with checking instead

of punching, indicator 58 corresponds to indicator 57 in operation and use.

Distribution of Punch Data 3.3.4

Before punching informationin a card it must first be distributed into words of ten digits, each
occupying digit positions 3 to 12 of an I,A .S, location. SuccessiveI.A.S,words represent columns 1
to 10, 11 to 20, 21 to 30 and so on for both zone and numeric components. For each group of 40
punch magnets the data occupy four words with zone components and another four with numeric

components. Thus if both groups are to be used, 16 wordsare requiredforeach card to be punched.

Example
Zone components Stored in positions Numeric components Stored in positions
for card columns 3to 12 of I.A.S. for card columns 3to 12 of I.LA.S.
locations locations
1to 10 200 1to 10 208
11 to 20 201 11 to 20 209
21 to 30 202 21 to 30 210
1 r ! 1
1 ) 1 1
71 to 80 207 71 to 8O 215

In this example, position 3 of I,A.S. word 200 and position 3 of I,A.S.word 208 contain the zone

and numeric component respectively for data to be punched in column 1.

The suppression of any non-significant zeros should be arranged at this stage. I the punching
of non-significant zeros to the left of a number or value is to be suppressed, the position of the
most-significant digit must be determinedto permitthe insertion of the necessary zone components
in the words containing the zoning for output, i.e. zeros which are to be punched should be given

a zone component of 1 and zeros which are to be suppressed should be given a zone component of 0.
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The next step is to convert the information into row-binary form for each of the 12 punching
positions. It must be remembered that punching positions 10 will be required to be punched, not
only as a numeric digit of 10 (as in 10d.) but also as a zone component of 2 where alpha contents
of this zone are concerned. Hence, it is necessary during row-binarizing fo combine data for
numeric 10 with that for zone 2 into the same row-binary word by use of Logical OR. Similar
treatment is required for combining numeric 11 with zone 3, numeric 0 with zone 4 and numeric 1
with zone 5. On completion of the row-binary routine, the data, both zone and numeric combined,

comprises 12 words in punching position order for each punch magnet group.

Flowchart of a Punch Program 3.3.5
The flowchart in Figure 16 represents a program to punch and check data which have already
been distributed and row-binarized. The flowchart is included here to illustrate the use of the

instructions and indicators associated with punching and the actionto betaken if an error is detected.

Each card requires 24 words of row-binary, the first 12 containing data to be punched in
columns 1 to 40 in index point order 10, 11, Oand 1 ...... 8, 9, the second 12 containing data for

columns 41 to 80.

A further 24 words are required which contain data for checking the last card punched in the
previous entry to the program. For the first entry into this routine at the beginning of a job run,
these 24 words should contain all I5s since with no card at the check station, check-reading will
give a word of 15s. In order that the last card should be checked, an extra entry should be made
to the subroutine to punch a blank card after the last data card.

Programmed indicators 11 and 12 are used with the program only; their state on entering the

program is immaterial.
The following error actions are taken:-

(a) On failure of the programmed check, punch or check index point missed, the card being
checked and the subsequent card are both offset in the stacker, the second card not being

checked. Both cards are then repunched in the correct order.

(b) On a second check failure occurring for the card which previously failed the check, the
machine will stop. Programmed indicator 12 will then remain set and the corresponding
visual indicator will be lit.
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Unset the following indicators:-
(i) Error Repunch 1 indicator (Ind. 11)
(ii) Error Repunch 2 indicator (Ind. 12)
(iii) 57, 58 unset by testing.

® 1<
Punch Ready? No
(Test Indicator 54)

lYes

Call card feed.
Set row counter = 12

o= -

B Yes / Can punch.
k (Test Indicator 55)

No
Row-binary for columns 1-40 C ‘

to Register B & Punch Left. Index point missed? ) Y€S
Row-binary for columns41-80 (Test Indicator 57)
to Register B & Punch Right.
No
>
i \ Yes
Test Indicator 11 j >@
No
Can check? \ Yes
(Test Indicator 56) /
No /Check index point missem Yes >®

\ (Test Indicator 58) /

Figure 16: FLOWCHART OF A PUNCH PROGRAM
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Clear Register B.
Check-read columns 1-40
& compare with punch data.

Y
G{esult of comparisons = 07 }

l Yes

Check read columns 41-80
& compare with punchdata.

v

Gesult of comparisons = 07

l Yes

Modify Check Data Address

Test Ind.
12

Unset

Offset card. Set Ind. 11.
Set data addresses to
punch Check Data andto

check the same Check Data

Modify Punch Data Address
for next row.

C Countl Rows } 20 @

J:o

Modify Data Address for

next card.
\ Yes Offset card.
Test Indicator 11 = Unset Ind. 11.
_/ Set Ind. 12.

J No
@ Unset Indicator 12
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Timings 3.3.6

OPERATION MINIMUM TIME OF OPERATION
Card Punching rate 100 cards a minute
Card Cycle 600 ms

Calling Punch from rest, with motor running,

to lst Punch Index Point Time on. 35.83 ms
Index Point Interval 40.7 ms
Punch Index Point Time indicator (55) duration 6.52 ms
Check Index Point Time indicator (56) duration 14.66 ms

Interval between last setting of indicator 56
to last time to give 380042 instruction for

continuous running. 58.22 ms

Interval between last setting of indicator 56 and lst

setting of indicator 55 when feeding continuously 102.2 ms

Time between last setting of indicator 56 and

last time to give 380047 instruction 41.94 ms
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THE LINE PRINTER 3.4

The line printer basically comprises a print unit, stationery feed mechanism and control logic.

The print unit consists of a print barrel and a number of associated print hammers. The
print barrel, with the type characters embossed on it, rotates at high speed. The print hammers,
under the control of the computer, strike the stationery momentarily against the print barrel

through an inked ribbon located between the stationery and the barrel.

The stationery feed mechanism comprises a tractor-driven, continuous-stationery feeding
device which can feed up to four parts of stationery. A reversible carbon ribbon is fitted for the
top copy. It must be noted that the stationery and carbon paper employed must conform to specifi-
cations that have been laid down. The paper movement (i.e. spacing and throwing) is controlled
by a sprag and ratchet wheel mechanism which is operated by control signals generated by the

computer program.

The Print Unit 3.4.1

Print Barrel  The print barrel has 120 positions and each print position comprises 50 type characters
embossed round the barrel. The lateral spacing of printing is ten characters to the inch and the

vertical spacing is six characters to the inch,

At every character position in the barrel's position, the computer emits an impulse to the

printer for each print position at which a character must be printed.

A line printer is available which has only 80 print positions. Throughout this section however,
reference is made only to 120 print positions with the appropriate short qualifying note where

necessary.

Print Characters The 50 print characters comprising one print position are arranged round the
print barrel inten sectors with five characters ineachsector. Thetensectors and the arrangement of
characters within these sectors correspond to the I.C.T. 5-zone card code. This code is shown in
Figure 17 and the arrangement of the characters on the barrel is shown in Figure 18. Comparing
these two diagrams, it canbe seenthat the ten sectors correspond tothe ten numeric index positions
(0 to 9) in the card code and the five characters within these sectors correspond to the five zone
positions. Forexample, 3, Z, R, 1, 9 in the sector for index point 9 correspond to numeric 9 zone 5,
numeric 9 zone 4, numeric 9 zone 3...... numeric 9 zone 1 respectively. It should be noted that
there are only ten index positions and positions 10 and 11 are represented as zone 3-numeric 0 and

zone 2-numeric 0 respectively.
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Zone

Card Code Numeric 10 11 0 1
Computer Code 1 2 3 4 5
0 0 11 10 i £

1 1 A J & b
2 2 B K S Ta

3 3 C L T 1

Index 4 4 D M u -
Point 5 5 i N v /
6 6 F (o] w A

7 7 G P X .
8 8 H Q Y @

9 9 I R z 3

Figure 17: TABLE OF CODES AND CODED ZONES FOR PRINTING

Direction of
rotation of barrel

Sector

Sector
for index
point 1

Sector
for index

for index
point 0

for index
point B

for index
point 2

Sector
for index
point 7

Sector
for index

Sector
for index
point &

Sector
far index
point 5

Figure 18: CHARACTER ARRANGEMENT ON PRINT BARREL

Print Hammers There are 120 print hammers fitted, i.e. one for each print position. The 120
print hammers are grouped into three banks of 40 hammers in each bank. The print hammers
strike the stationery against the print barrel when the character to be printed is opposite the print
hammers. Printing is achieved on each of the three banks of 40 print hammers in turn. This
entails up to three transfers (one per print bank) of 40 bits from Register B to activate the print
hammers. Each bit will either be 0 or 1; 0 means do nor print (i.e. do not activate print hammer)
and 1 means prins (i.e. activate print hammer). The 80 print position printer has 80 print hammers
arranged in two banks of 40.
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Printing  Figure 19 shows the relationship between the print unit and Register B.

Data to be printed, that is the zone and numeric components of each character, must be row
-binarized (see 2.7) so that it is inthe 0and 1-bit form described above. During printing, positions
3 to 12 of Register B must hold data in row-binarized form, The contents of Register B are

transferred to one of the print banks according to the program instruction. Thus the essential

Left-hand g Hak Right-hand

Bér_lk (Positions Betn.k
(Positions 41 to 80) (Positions
1 to 40) 81 to 120)
' - : - Paper
:LT_I __________ i ________ "r--' _____ 13°i" Print Hammers
1
: i : E
i . : '
1 ! ' !
' : . V
: | : !
v Print Print Centre Print
Left-hand Bank Bank Right-hand Bank

> <

2134 (|56 ([T7]8 ]9 |10

- . 12[13 |14 [15]16 (17 |18 |1
Synchronizing Signals from 7120

Printer to Computer

4 v

22|23 |24 25|26 |27 |28 | 29|30
32133 {34 |35|36 |37 |36 (39 (40
4 5 6 7 8 9 1011 12

[ndicators Register B
42 Print Row : . -
po nE == Binary showing the bit positions
Counter : .
ol Register corresponding to the print
hammers on Left-hand bank

Figure 19: DIAGRAMMATIC REPRESENTATION OF RELATION
BETWEEN REGISTER B AND PRINT BARREL ASSEMBLY
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part of a printing program is the creation of row-binary, which takes place in two stages: row
-binarizing the zone components of print characters and row-binarizing the numeric components
of print characters. The zones and numerics are then combined for each character by the Logical
AND instruction.

Synchronizing signals are emitted from the printer to the computer and have two main functions:
they set various indicators and they set the print counter. The print counter registers which
sector of the print barrel is opposite the print hammers ready for printing. This counter is a
subtraction counter which counts down from 9 to 0 in steps of 1 and is then reset to 9 at each
complete revolution of the print barrel; thus the figure held in this counter is equal to the sector
(index point) which is at that moment ready for printing. When a sector is available for printing,
the numeric components required for this sector must be row-binarized. Toenable this to be done,
an instruction can be given which will cause the contents of the print counter to be transferred to

the Row Binary Register.

Print Instructions 3.4.2
Instruction 380013

Effect A 380013 instruction will cause the contents of the print counter to set the Row Binary

Register.

Operation The Print Counter will register whichsector is available for printing. Thus row-binary

may be formed for the numeric components prior to printing.

Instruction 380014
Effect A 380014 instruction will cause printing to take place on the left-hand print bank,

Operation When a 380014 instruction is given, the contents of Register B will cause printing to
take place on print positions 1 to 40. The presence of a 1-bit in any position of Register B will
cause the associated print hammer to be actuated. The bit positions of Register B will be

associated with print hammers 1 to 40 as shown below:

3 4 5 6 7 8 9 10 11 12

11 12 13 14 15 16 17 18 19 20 2

N
W

21 22 23 T 24 25 26 27 28 29 30 4

32 33 34 35 36 37 38 39 40 8

\\
(&%)
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Instruction 380015
Effect A 380015 instruction will cause printing to take place on the centre print bank.

Operation When a 380015 instruction is given the contents of Register B will cause printing to
take place on print positions 41 to 80. The bit positions in Register B will be associated with

print hammers 41 to 80 as shown below:

1 2 3 4 5 6 7 8 9 10 11 12

2 ,
///// // 41 42 43 44 45 46 47 48 49 50 1
fa

7/ / 51 52 53 54 55 56 57 58 59 60 2

7/////// 61 62 | 63 | 64 |65 | 66 | 67 | 68 | 69 70 4
?//////A i 72 73 | 74 | 75 76 i 78 | 79 | 80 8

Note On the 80 print-position printer only the 380014 and 380015 instructions are applicable.

Instruction 380016
Effect A 380016 instruction will cause printing to take place on the right-hand print bank,

Operation When a 380016 instruction is given, the contents of Register B will cause printing to
take place on print positions 81 to 120, The bit positions of Register B will be associated with

print hammers 81 to 120 as shown below:

1 2 3 4 5 6 7 8 9 10 11 12

s I/,

V///// Bl | 82 | 83 | Ba | 85 86 | 87 | 8 | 89 | 90 1

7,

//// / 91 92 93 | 94 | 95 96 97 | 98 99 | 100 2
L isi,

]

rd
// 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | llo 4
2 ]
/111 112 | 113 | 114 | 115 | 116 | 117 | 118 | 119 | 120 8
A #
Print Indicators 3.4.3

A print program requires the use of six indicators, two of which - indicators 45 and 47 - are

used only for spacing and are described in 3.4.8. The remaining four are as follows:-
Indicator 42 Printer Ready
Purpose Indicator 42 is automatically set when the printer is available for printing,

Operation  Indicator 42 is unset by the printer interlockif the printer is not available for printing.

The printer is not available for printing when one of the following seven conditions arises:

(a) The stationery feed mechanism is moving, i.e. the printer is spacing or throwing.
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(b} The automatic paper-feed stop device has operated. This occurs when the paper has
been thrown excessively, this being regarded as an error condition. The autostop

occurs when the paper throw is about twenty inches.
(c) The print barrel mechanism has been opened.
(d) The Stop Printer button has been pressed.
(e) The Emergency Stop button has been pressed.
(f) No paper i.e. the paper has passed the tensioning device.
(g) The power supply has been cut off.

It must be noted that indicator 42 is not unset when tested.

Indicator 43 Print Index Point Time
Purpose Indicator 43 is set when the start of a sector is being positioned for printing,

Operation At every fifth character time, an impulse is emitted from the printer to the computer
to denote the start of a new sector. This impulse will cause indicator 43 to be set and the print
counter will be stepped down by 1. Indicator 43 is unset when tested by program. If the indicator

is not unset (by testing) within a certain time [rom the start of a sector time, it isunset automatically,

Indicator 44  Print Character Time
Purpose Indicator 44 is set when a character is about to be presented for printing,

Operation In order that the computer program may be aware when a character is about to be
presented for printing, impulses are emitted from the line printer to the computer. One impulse
is emitted at the start of each character time and this impulse causes indicator 44 to be set.

Indicator 44 will be unset when tesied by program.

Indicator 49 Print Count Error

Purpose Indicator 49 will be set if the print counter is notin its correct condition when a master

synchronizing pulse is emitted.

Operation At each complete revolution of the print barrel, a master (datum) pulse is emitted.
If the print counter is not in its correct condition when this pulse is emitted, indicator 49 will be

set. This indicator is unset when tested.

Indicator 49 should be tested at regular intervals in the program, for example when a document

has been printed.

Whenever a fault occurs that sets this indicator it should be noted and an engineer informed.
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Distribution of Print Data 3.4.4

A Printing Program

Essentially the process of printing covers the following:
(a) Distributing print data in a correct sequence in L.A.S.

(b) Converting the binary-coded information to the printing code i.e. 4-bit information
converted to single-bit information (by creating row-binary) to operate the print hammer

triggers.
(c) Presenting the single-bit informationto the appropriate print hammer at the correct time.

(d) Above must also include provision for zero suppressionand the creation of spaces between

print characters where necessary.

Before entering the print program the output information for printing must be arranged ina
sequence consistent with the print positions. In addition, the zone digits must be generated for
numeric information brought to output from processing where the zone digits will have been

discarded.

If data is to be printed on all three print banks (i.e. on all 120 print positions)thenthe print data
should be stored in 24 successive locations of I,A.S. 24 locations are required because each
location holds the zone or numeric components of ten print characters in digit positions 3 to 12.
12 successive locations of I.A.S. contain the zone components of the print data and the next 12
successive locations of I,A.S. contain the numeric components of the print data. Thus print data
may be stored as shown in Figure 20. Thus, for example, position 3of I.LA.S.word 200 and position

3of LA.S. word 212 contain the zone and numeric components for data to be printed on print position 1.

Zone Components Stored in positions 3 to | Numeric components [Stored in positions 3 to
for print positions: 12 of I.A.5. locations: for print positions: 12 of [LA.S. locations:
lte 10 200 Lto 10 212
11 to 20 201 11 te 20 213
21 to 30 202 21 to 30 214
31 to 40 203 31 to 40 215
1 ' 1 1
1 1 1 1
1 1 1 1
111 to 120 211 111 to 120 223
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If the printing of non-significant zeros to the left of a number or value is to be prevented, the
position of the most-significant digit must be determined in order to insert the appropriate zone
components into the words containing the zoning for output. Forexample, suppose that it is required
to print a sterling value which may range from zero to £99999-19-11, and that single spaces are
required to separate the £, s, and d, then the zone and numeric components for three possible

values will be as shown in Figure 21.

£ £ A% £ £ 5 s d

Numeric - 1 2 3 B 5 0 1 0 0 4]
(i)

Zone - 1 ‘ 1 | 1 I 1 I 1 I 0 I 1 | 1 l 0 I 2

Printed result: 1 2 3 4 5 1 0 11

5 i £ £ £ ] 5 d

Numeric - 0 0 2 0 3 0 0 0 0 0
(ii)

Zone - 0 | 0 I 1 [ 1 I 1 l 0 I 0 I 1 l 0 ‘ 3

Printed Result: 2 0 3 0 10

z £ £ i Ed s s d

Numeric - 0 0 0 0 0 0 0 5 0 2
(iii)

Zone - 0 | 0 l 0 | 0 | 0 | 0 ‘ 0 I 1 I 0 | 1

Printed result: 5 2

Figure 21: EXAMPLE OF STERLING PRINTING

It can be seen from the above examples that several points must be borne in mind when
printing sterling values:
(a) The pence position must be tested for 10d. or 11d., the zone components for which are

3 and 2 respectively; for 0-9, the zone component will be 1.

(b) If spaces are required between £, s, and d, the corresponding spaces must be present in

the output data (positions 7 and 11 in the example).

(c) The most-significant £'s position must be determined in order to prevent the printing of

non-significant zeros, the zone component being 1 forall £ 's positions which are to be printed.

(d) Assuming that the units of shillings position must always be printed, the zone component
will be 1. The figure in the 10/~ position can be either 1 or 0. If it is required to print
in both instances the zone component will always be 1. If it is required to print 1 and
suppress 0, the 10/- position must be tested to detect which number is present; a zone
component of 1 then being inserted for the number to be printed and a zone component of

0 for the number to be suppressed.
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Subroutines are available for the zero suppression of decimal or sterling amounts which

achieve maximum efficiency in terms of time and storage capacity requirements.

Flowchart of a Print Program 3.4.5

Figure 22 is a flowchart of a program for printing one line. The following three assumptions

are made:

(a) Row-binarizing has not been completed before entering the program.
(b) It is required to print on all three print banks.

(c) All data to be printed has been distribuled,as described under"Distribution of Print Data!

The letters in brackets beside the paragraphs describing the program relate to the letters

shown on the flowchart.

(a) Indicator 42 is tested.
If set proceed to (b).

If unset the printer is not yet ready (probably spacing). Loop back and continue testing

until printer is ready.

(b) Enter a 5 into Row Binary Register by means of function 30and also into an I.A.S. location
used as the Row Binary Counter. Set another I.A.S. location, used as the Index Point

Counter, to 10.

(c) The instructions to transfer the row-binarized zoning from Register B to [.A.S. (see (d)
page 34) are formed by adding the contents of the Row Binary Counter to the basic 42
instructions; e.g. if the row-binarized information is to be stored in words 01io 17 of

block 10, the instructions would be as follows where x is the number in the Row DBinary

Counter.
D| F A R Instruction to store row-binarized
42 | 000o+x | [o zoning for printing on left-hand buank
D| F A R Instruction to store row-binarized
-| 42 |0006+% | /0 zoning for printing on centre bank
D| F A R Instruction to store row-binarized
-| 42| 00i2+x | 1O zoning for printing on right-hand bank
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(a)_____________( Printer Ready ? \
(

Do e o o o o o e o o o0 e e {an I,A.S. Location) = 5.

i.e. Ind. 42 Set ?y No

Yes

Set Row Binary Register
= 5.Set Row Binary Counter

Set Index Point Counter
(an I.A.S. Location) = 10.

-+

(C)-------u---H
(d)--------------

Modify basic Transfer Row Binary
to LA.S. instructions by adding
contents of Row Binary Counter to
Addresses. Row-binarize zone
corresponding to contents of Row
Binary Register (successively 5,4
3,2,1) and Store in [LA.S. Repeat

for centre and right-hand banks.
Reduce contents of Row Binary
Register and Row Binary Counter by 1.

([)--------u——---- (:ROWBinary

Figure 22: FLOWCHART

/ Row Binary Ctr.\

Reg.) = 07 /No (£ 0)
Yes (= 0)

OF PROGRAM TO PRINT ONE LINE

Part 3
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()

(h) oo oo oo o e e

(1)

(i)

(k)

(1)

(n)

(0)

{p)

Print Index

Point Time
(Ind. 43) Set?

Set Row Binary Register from Print Counter
and row-binarize numeric data for corres-
ponding index point, repeat for centre and
right-hand banks. Store in I.A.S.

memooeooedSet Zone Counter {(an I,A.S. location) = 5.

Print Character
Time Indicator

(Ind. 44) Set? No

Modify basic Logical AND instructions by
adding contents of Zone Counter and perform
Logical AND between row-binarized numeric
and zone corresponding to Zone Counter. Print
on left-hand bank. Repeat for centre and
right-hand banks.

= = = = e e = Subtract 1 from Zone Counter.

Print Character

Error
Routine

I R TimeIndiCaﬁOl‘
(Ind. 44) Set? Yes
. No
oo oo o oo s oo Zone Ctr. =07 \
(i.e. last zone printed)_/ No
Yes

seooeoosoaoq yhiract 1 from Index Pt. Ctr.

!

Index Pt. Ctr. =07

R D O O (i.e. printing completed
for all 10 index points) No

Figure 22: continued
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(e)

(£)

(g)

(h)

(1)
(i)

(k)

The twelve words of zoning are row-binarized, the actual zone corresponding to the contents
of the Row Binary Register. Zone 5is binarized first, starting with the first four words of
data; words 1 to4 being binarized into the 1,2 4 and 8 streams respectively of Register B.
The resulting row-binary is then stored in ILA.S. using the instruction created in (c) for
storing away row-binary corresponding to the left-hand print bank. This is then repeated

for words 5 to 8 (centre bank) and 9 to 12 (right-hand bank).

The contents of the Row Binary Counter are reduced by 1 (causing either indicator 01 or

indicator 02 to be set) and the resulting figure is entered into the Row Binary Register.

Indicator 01 is tested to determine whether or not the contents of the Row Binary Register
and Counter have now been reduced to zero. If not zero the program loops back to the
beginning of (c¢). In (d) the next zone is row-binarized, the order being 5,4,3,2,1. After
zone 1 has been binarized, the content of the Row Binary Counter is reduced to 0 and

the program proceeds to (g).

Indicator 43 is tested to determine whether or not the next sector is ready for printing.
If the indicator is not set the program continues to test it until it is, when the program

proceeds to (h).

By means of the instruction:

the contents: of the print counter, which corresponds to the number of the sectorwhich
is currently available for printing, is entered into the Row Binary Register. It will not
be known what this number is since the position of the print barrel is also unknown. This
will be of no consequence, provided the printing routine is repeated for each of the ten
index points; it is not necessary to start with any particular sector. Following the
380013 instruction, the whole of the numeric data is row-binarized. The first fourwords
are binarized into the 1,2,4 and 8 streams of Register B respectively, then stored in
I.A.S. by means of a basic transfer instruction as used in (c), This is then repeated for
words 5 to 8 and words 9 to 12. Row-binarizing is thus completed for printing all five
characters of the sector concerned, the location of row-binary in I.A.S. being as shown in

Figure 23.
Enter a 5 into an I.A,S. location which is used as the Zone Counter.

Test indicator 44 to determine whether or not a character of the sector is in position for
printing. The program repetitively tests the indicator until it is set, when the program

proceeds to (k).

Every character to be printed is represented within the computer by numeric and zone

components. Consider the letter H (numeric 8, zone 2) about to be printed. Assuming
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Row-binary for printing Row-binary for printing Row-binary for printing
on left-hand banlk on centre bank on right-hand bank
Word No. Zone /Numeric Word No. Zone /Numeric Word No. Zone /Numeric
0 Numeric 6 Numeric 12 Numeric
1 Zone 1 7 Zone 1 13 Zone 1
2 Zone 2 8 Zone 2 14 Zone 2
3 Zone 3 9 Zone 3 15 Zone 3
4 Zone 4 10 Zone 4 16 Zone 4

Zone 5 11 Zone 5 17 Zone 5

Word 0

Word 2

3165(2.6

Figure 23: LOCATION OF ROW -BINARY FOR PRINTING IN LA.S,

the row-binary to be stored in the locations shown in Figure 23, then the binary for the
numeric component is in words 0, 6 and 12, and that for the zone component (zone 2) in
words 2, 8 and 14. The row-binary for character H is produced by means of Logical AND

betweenwords 0 and 2 (left-hand bank), 6 and 8 (centre bank)and 12 and 14 (right-hand bank).

Example: Assume words 0 and 2 contain the following row-binary

o / 0 0 1 0 0 0 0 0 1 0 1
1 0 0 1 0 1 0 0 0 0 2

0 1 0 0 0 0 a 0 0 0 4

/ / 0 0 0 1 0 1 0 0 1 8
7/ 0 1 1 0 1 0 0 1 0 1 1
1 0 0 1 1 0 0 0 1 0 2

0 1 0 0 1 1 1 0 0 0 4

7 1 o 0 1 0 0 1 0 0 0 1 8

The contents of word 0 indicate that a character with a numeric component of 8 (i.e. 8, H,
@, Y or @) is to be printed on each of positions: 3, 9, 11, 14, 16, 22, 34, 37 and 40 of the
left-hand bank. The contents of word 2 indicate that a character with zone component 2
(i.e. 11 or any letter from A to I) is to be printed on each of positions: 2, 3,5, 8, 10, 11, 14,
15,19, 22, 25, 26, 27, 33, 36 and 40 of the left-hand bank. The contents of word 0 are tran-
ferred to Register B and Logical AND is performed befween Regisier B and word 2,
resulting in a 1 in any bit position where there was a 1 in the corresponding bit position of

both words, thus:

iy, 0 0 1 0 0 0 0 0 0 0 1

1 0 0 1 0 0 0 0 0 0 2

0 1 0 0 0 0 0 0 0 0 4

/ ; 0 0 0 0 0 0 0 0 0 1 8
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This indicates that character H is to be printed on each of positions: 3,11, 14, 22 and 40
of the left-hand bank.

Immediately following the Logical AND a 380014 instruction is given, and the H's are
printed on the left-hand bank. Then the row-binary for the centre bank is produced by
Logical AND between words 6 and 8, and character H printed on the centre bank; and

similarly for the right-hand bank.

For each sector, the characters with zone component 5 are printed first, followed by

those with components 4, 3, 2 and 1.
(1) The zone counter is stepped down by 1.

(m) Indicator 44 is tested.
If unset: continue to (n).
If set: too much time hasbeen consumedin printing character and the following character

time has been encroached upon. Program enters the appropriate error routine.

(n) (i) If zone counter positive after (1), program loops back to (j).
(ii) I zone counter contains 0, all five characters on the sector have been printed and

the program proceeds to (o).
(o) The index point counter is stepped down by 1.

(p) (i) If the index point counter positive, the program loops back to(g) to print the characters

on the next of the ten sectors.

(ii) If index point counter contains 0, printing has been completed for all ten sectors, and

therefore the complete line has been printed.

Paper Movement 3.4.6
Continuous stationery employed on the printer is punched with marginal sprocket holes and is
tractor driven. Up to 4-part stationery may be used and the stationery and carbon paper must

conform to the 1300-series stationery specifications.

Paper movement is controlled by the computer and either paper spacing or paper throwing
(i.e. more than five spaces) is possible. The marginal sprocket holes in the stationery are
engaged on the upper and lower sets of tractor wheels. These motor driven tractors rotate, thus
moving the stationery. The rotating action of the tractors is controlled by a sprag and ratchet
wheel mechanism; this mechanism is shown diagrammatically in Figure 24. It can be seen that
the mechanism consists of six sprags engaginginto a ratchet wheel which has five faces; the ratchet
wheel controls the rotation of the tractor wheels and therefore rotates with paper movement. The
rotating action of the ratchet wheel isin turncontrolled by the lifting and dropping of the six sprags

according to the computer program instructions.
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Figure 24: SPRAG MECHANISM

If a sprag is dropped, the rotation of the ratchet wheel is arrested when that sprag makes
contact with one of the five faces; thus, paper movement is arrested. If a spragislifted and another
sprag is dropped, the ratchet wheel will rotate until it is arrested by the dropped sprag; thus, a
certain movement of the paper will take place before the paper is again stopped. When it is known
which sprag is currently engaged, a single space (a vertical movement of § inch) may be achieved
by raising that sprag (and all other sprags) and allowing the ratchet wheel to rotate. The next
sprag in counterclockwise succession is dropped thus arresting the movement. Similarly, two
spaces may be achieved by lifting the engaged sprag and dropping the second sprag in counter

-clockwise succession and so on; up to five spaces may be achieved by this method.

An interlock is set up by any paper movement order and will remain set until the paper comes
to rest. An automatic stop device is incorporated in the printer which will operate when the paper

has been thrown about twenty inches. The device will cause:
(a) The paper feed mechanism to stop, and
(b) an interlock between printer and computer to be set up, and

(c) a visual indicator on the printer to be illuminated and remain so until it is switched off

by a manual control on the printer switch panel.
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Paper Throw Instructions 3.4.7

Sprag Instructions 380020 to 380026
All paper movement instructions are sprag instructions; that is, they control the lifting and

dropping of the sprags. These instructions are shown in the table below.

Function Address Description

38 20 Lift all sprags

38 21 Drop Sprag 1 : lift all others
38 22 Drop Sprag 2 : lift all others
38 23 Drop Sprag 3 : lift all others
38 24 Drop Sprag 4 : lift all others
38 25 Drop Sprag 5 : lift all others
38 26 Drop Sprag 6 : lift all others

These instructions are used to control the sprags as explained in the preceding description of

the operation of the sprags.

Paper Throw Indicators 3.4.8
Indicator 45 Line Space Time
Purpose Indicator 45 is set when each line space has been completed.

Operation When a line space has been achieved indicator 45 will be set. It will be unset when
tested by program. If indicator 45 is not tested (and therefore not unset) within a certain time

from it becoming set, then it will be unset automatically,

Notes Indicator 45 will require testing when more than five line spacesare requiredon a single
throw; a further description of the use of this indicator is given under 3.4.9. It is possible to
time-share paper throwing with another program by using the time between successive line space

indications.

Indicator 47  Paper Trolley Empty

Purpose Indicator 47 is set automatically when the supply of paper in the printer is almost
exhausted.
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Operation The paper stacking trolley is fitted with a Paper Low microswitch. When the last
sheet of paper leaves the trolley then indicator 47 is set. It will remain set until a new supply of

paper is inserted.

Notes This indicator should be tested regularly throughout a print program e.g. after each docu-

ment is printed.

Flowchart for a Paper Throw Program 3.4.9
A sample flowchart of a spacing routine is shown in Figure 25. Two examplesare givenoverleaf
of the selection of the appropriate sprag when it is known which sprag is engaged and how many

spaces are required.

Bet link.
Subtract six from
space requirement.

Space
requirement
negative ?

No

Add current

Lift all sprags S s
sprag number

Store number of lines
Add 1 tonumber of lines.

=
A Result Add back
Subtract six from Positive 8ix
space requirement T

Yes

Yes Result Store new sprag number

Positive set drop
sprag instruction
” No

Subtract 1 from
number of lines

Unset drop sprag
instruction
Drop sprag

All lines Yes

spaced

Test one line spaced
(Test Indicator 45)

Figure 25: SPACING ROUTINE FOR PRINTER
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Example |

Sprag 5 engaged; space 3 lines

Number of spaces required = 3

Subtract 6 (constant) =3-6=-3

Result negative: add the sprag engaged number (5) = - 3 + 5 = + 2 (Sprag No.)

Result positive: drop sprag number 2 immediately,

Example 2

Sprag 3 engaged; throw 7T lines

Number of spaces required = 7

Subtract 6 (constant) =T-6=+1

Result positive: 1ift all sprags;

Subtract 6 again =1-6=-5

Result negative: count lines spaced.

All lines spaced: add the sprag engaged number (3) =- 5+ 3 = - 2,

Result negative : add back 6 (constant) = - 2 + 6 = + 4: drop sprag number 4.
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Timings 3.4.10

The line printer may be one of the following types:
(a) 120 print positions operating at a maximum speed of 600 lines a minute, or
(b) 120 print positions operating at a maximum speed of 300 lines a minute, or

(c) 80 print positions operating at a maximum speed of 300 lines a minute.

The following table lists the timings associated with the 600 lines a minute and 300 lines a

minute printers respectively. The timings are not affected by the number of print positions.

600 lines a minute |300 lines a minute
Minimum Minimum
Timings Timings
Interval between successive character times 1.2 ms 2.6 ms
Interval between successive line space indications at speed 6.9 ms 6.9 ms
Duration for which Indicator 45 (" Line Space Time'")
is set if not tested 3.1 ms 3.1 ms
Duration for which Indicator 43 ("Print Index Point Time'')
is set if not tested 550 to 800 ps 1150 to 1700 ps
Time to space first line (i.e. from time instruction given
until the paper comes to rest) 32 ms 32 ms
Time each additional line will take after first line space 7.56 ms 7.56 ms
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THE PAPER-TAPE READER 3.5

One or two paper-tape readers may belinked to the computer as additional units. If two paper
-tape readers are specified they are incorporated in one free-standing unit. The paper-tape
reader is capable of accepting 5-, 6-, 7- or 8-track tape, a Track-Select switch being set for the
appropriate number of tracks on the tape to be read. Tape reading is achieved by means of photo

-electric cells.

Interpretation within the Computer 3.5.1
It is recommended that British Standards Institute tape codes should be used although it is
possible to use most standard paper-tape codes. British Standards Institute recommended tape

codes are given in Part 6 of this manual.

A paper-tape character consists of a zone and numeric component; these components are
represented on the tape tracks as shown in Figure 26. There are four numeric components (N1,
N2, N4 and N8)on 5-, 6-, 7- and 8-track tape represented by tape tracks1, 2, 3 and 4 respectively:
b-track tape has 1 zone (Z1) represented by track 5; 6-track tape has 2 zones (Z1 and Z2)
represented by tracks 5 and 6. Both 7- and 8-track tape have zones represented by tracks 6 and 7
and 6, 7 and 8 respectively; track 5 is employed for parity purposes and is not read in the

interpretation of a character.

When a valid character is read, it is entered into an B-bit buffer store so that the zone and
numeric components are each stored in 4 bits of the buffer. The contents of this buffer store are
transferred to Register B as two digits, one representing the zone and one representing the
numeric. The zone component will be read into position1of Register B and the numeric component

will be read into position 7 of Register B.

The previous contents of positions 1 to 5 and 7 to 11 of Register B will be shifted one position
to 2 to 6 and 8 to 12 respectively. The previous contents of positions 6 and 12 of Register B will
be lost. In position 1 of Register B, those bits which are not employed in storing the zone com-
ponents are automatically zeroized. Thus, when 8-track tape is being read, the B-bit of position
lis zeroized automatically as zone 7is the maximum value possible in position 1, and when 6- or 7
-track tape is being used, the 4 and B-bits are zeroized as zone 3 is the maximum value possible
in position 1. Similarly, 5-track tape has only one zone so the 2, 4 and 8 bits are zeroized auto-

matically.

Valid Tape Characters
On 5-track paper tape all codes including those with parity errors will be valid characters
with the exception of blank tape. Blank tape is that tape which has a row punched with a feed hole

only, i.e. no data holes or parity hole punched.

On 6-, 7- and 8-track paper tape neither the blank tape code nor the erase (all data holes

punched) code are recognized as valid characters.
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No. of Tracks Track No. Computer Interpretation
5 1 N1
2 N2
3 N4
4 N8
5 Z1
6 1 N1
2 N2
3 N4
4 N8
5 z1
6 2
7 1 N1
2 N2
3 N4
4 N8
5 Parity
6 zZ1
7 - z2
8 1 N1
2 N2
3 N4
4 N8
5 Parity
6 Z1
7 Z2
8 Zz4

(N = Numeric Z = Zone)

Figure 26: COMPUTER INTERPRETATION OF PAPER-TAPE CODE PUNCHINGS
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Invalid characters are ignored and are not read into the computer. The detection of an invalid

character does not stop the computer but the tape is fed until a valid character is detected.

Parity Checking 3.5.2
As stated above, a parity check is made only when 7- or 8-track tape is being read and tape

track 5 is allocated to punching a parity bit.

When T-track tape is read, odd parity will be checked automatically when each character is

read and the parity bit will not be read into the computer.

When B-track tape is being read, even parity will be checked when each character is read and

the parity bit will not be read into the computer.

If a parity error is detected (i.e. even parity on 7-track tape or odd parity on 8-track tape) an
indicator (61) will be set within the computer; this indicator may be tested by program. The
indicator will be permanently unset when 5- or 6-track tape is being read, i.e. no parity check is

being made.

Tape Read Instructions 3.h.a
Instruction 380050

Effect This ingtruction will cause a character to be read and the tape reader will then step to

the next valid tape code.

Operation When a 380050 instruction is given, a valid character is read into the buffer store.
The previous contents of the buffer (zone and numeric components of the last character read) will

be transferred to positions 1 and 7 of Register B.

Notes When setting up the selected tape reader it is necessary to give two extra 380050
instructions. The first 380050 instruction will cause the first valid tape character to be positioned
beneath the reading photo-electric cells. The second 380050 instruction will cause the character
to be read into the reading buffer. The next 380050 instruction (given in the reading program) will
cause the contents of the buffer to be transferred to Register B. It will be remembered that only
positions 1 and 7 of Register B are affected when reading in data from the buffer store, thus the:

remaining ten positions of the register may contain rubbish.

Instructions 380051 and 380052

Effect Instruction 380051 selects paper-tape reader 1 for operation. Instruction 380052 selects

paper-tape reader 2 for operation.

Operation A 380051 or 380052 instruction will select the appropriate paper-tape reader for
operation and a subsequent 380050 instruction will cause the reading of tape to commence on the

selected reader,
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Tape Read Indicators 3.5.4
Indicator 60 Tape Reader Ready

Purpose This indicator is set when the selected paper-tape reader is ready to read a valid
character.

Operation A 380051 or 380052 instruction will cause this indicator to be associated with paper
-tape reader 1 or 2 respectively. Indicator 60 will be set automatically when the following three

conditions are satisfied:

(2) The tape reader motor is running.
(b) The photo-electric cell lamp is on.
{c}) A valid character is positioned beneath the photo-electric cell unit.

Indicator 60 will be unset if any of the above three conditions is not satisfied.

Notes Indicator 60 should be tested during a paper-tape read-in program before each tape code

is read thus:

[ DI _F A R NARRATIVE
g [E o (B | Seletedvendemandy
4| 0o | oos2 F=3
PR Shay. Segiacain & i}
* 38 | goso Read 7 tape charactenr

Indicator 61 Parity Error:

Purpose This indicator is set when a parity error is detected while reading 7- or 8-track tape.

Operation The execution of instruction 380051 or 380052 will cause this indicator to be associated

with paper-tape reader 1 or 2 respectively.
Indicator 61 will be set when:

(a) the number of holes (data plus parity hole) punched in one row of a valid character in

T-track tape is found to be even, or

(b} the number of holes (data plus parity hole) punched in one row of a valid character in

8-track tape is found to be odd.

Indicator 61 is unset when tested by program.
Notes Indicator 61 should be tested during the read-in program and a section of the program

should be devoted to parity errors. When setting up the selected tape reader it is advisable that

indicator 61 should be unset (by testing) before the first tape character is read thus:
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1 D[ _F A R NARRATIVE

o || 38| _00s0o | | |Movetlo lat Valid Tape Character
38 | 0os0 Reac Ist Valid Tape Character

3 4| &1 | oooa | 8 Unset Farity Evrpor lndicaton

When 5- or 6-track tape is being read, no parity check is made and therefore indicator 61 is

permanently unset.

Tape Read Programs 3.5.5
A flowchart for reading one character is shown in Figure 27. It is however strongly recom-
mended that the standard I.C.T. subroutines for the paper-tape reader should be used. These

subroutines, which enable a block of several characters to be read and stored, facilitate the
following:
(a) Reading each valid paper-tape character and storing it in the correct position within the
selected output word in L A.S.

(b) An exit to the main program when:

(i) the appropriate number of characters have been read and stored, and/or

(ii) an end of data block code, specified by the programmer, is read from the tape.

A section of the subroutine effects the selection of the required paper-tape reader and a section

for parity errors is also included.

Reader Parity Tes

rror Signalled?

. E

Pick up Error
Character

!

Selected Reader
Ready ?

Read one character to
Register B and
store character

Figure 27: FLOWCHART FOR READING PAPER TAPE

Timings 3.5.6
The only timing relevant to the programmer is that tape is read at a maximum speed of 1000

characters a second; thus the average time required to read cne tape character is 1 millisecond.
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THE PAPER-TAPE PUNCH 3.6
One paper-tape punch may be fitted as an additional unit to the computer. The punch is
available for 5-, 6-, 7- or 8-track tape and the number of tracks to be punched has to be specified

when ordering.

Tape is punched at a punching station fitted with one punch knife for each tape track. The
punched tape is read for checking purposes by photo-electric cells at a reading station located

three characters beyond the punching station.

Output from the Computer 3.6.1

The zone and numeric components of the character to be punched must be located in positions
1 and 7 of Register B. When a punch instruction is given, the zone and numeric components axe
transferred to an 8-bit buffer and punched. The tape will be punched with the zone and numeric
components as shown in Figure 28. Those bits of position 1 in Register B for which there is no
corresponding paper-tape track must be zero. When a character is read from Register B to'the
buffer, the contents of Register B will be unchanged, i.e. Register B will not be shifted nor will its

contents be lost.

Zone Component Numeric Component
Position 1 Position 7
of Register B of Register B
Bit Number Track Number| Bit Number |Track Number

5-track 1 5 1 1
Tape 2 2
4 3

8 4

6-track 1 5 1 1
Tape 2 6 2 2
4 3

8 4

7-track 1 6 1 1
Lape 3 7 2 2
4 3

8 4

8-track 1 6 1 1
Tape 7 2 2
4 8 4 3

8 4

Figure 28: COMPUTER INTERPRETATION OF OUTPUT TO PAPER TAPE
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Checking Facilities 3.6.2

In 7- and 8-track paper tape, track 5 is allocated for parity purposes. When a character is
punched, a parity bit is automatically generated to maintain odd parity in 7-track tape or even
parity in 8-track tape. The parity bit is punched in track 5. The punched-tape codes are then
read at the check-reading station and a parity check is made on the tape codes. I the parity check

fails an indicator (67) is set within the computer.

No parity check is made on either 5- or 6-track tape and the Parity Check indicator remains

unset.

Tape Punch Instructions 3.6.3
Instruction 380076

Effect This instruction will cause one character to be punched and one character tobe read for

parity checking.

Operation A 380076 instruction will cause one character (zone andnumeric components in positions

1 and 7 of Register B) to be read into the 8-bit tape-punch buffer and thence to be punched.

A 380076 instruction will also cause one character to be read at the reading station for parity

checking.

Notes A 380076 instruction must only be given when indicator 66 (Tape Punch Ready) has been

tested and the punch found to be ready.

Tape Punch Indicators 3.6.4
Indicator 65 Tape Supply Low
Purpose This indicator is set when there is less than twenty feet of tape on the feed spool.

Operation  Indicator 65 will be set as described above and unset automatically whenthere is more

than twenty feet of tape on the feed spool. This indicator may be tested by program.

Notes Indicator 65 must be tested at convenient places in the program, e.g.atthe beginning of

every data block to be punched.
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Indicator 66 Tape Punch Ready
Purpose Indicator 66 will be set automatically when the tape punchis ready to punch one character.

Operation  Indicator 66 will be set when the following conditions are satisfied:
(a) The power supply to the tape punch is on.

{(b) The 8-bit punch buffer is clear to accept a character from Register B.

The indicator will be unset if either of the above two conditions is not satisfied.

Notes Indicator 66 must be tested and found to be set before a 380076 instruction is given.

Indicator 67 Tape Punch Error
Purpose This indicator will be set when the parity check at the punch reading station fails.
Operation Indicator 67 will be set automatically if the parity check fails thus:

(a) The number of code holes read (data plus parity holes) in one row of 7-track tape is found

to be even (i.e. in error).

(b) The number of code holes read (data plus parity holes) in one row of 8-track tape is found

to be odd (i.e. in error).

Indicator 67 will be unset when tested by program.

Notes Indicator 67 should be tested after each punch instruction when7- or 8-tracktape is being
punched. When indicator 67 is tested and found to be set (i.e. a parity error has occurred), the
character which is in error is not the last character punched but a previously punched character

because the reading station is located three tape codes beyond the punching station.

On the initial paper-tape loading condition (e.g. a new spool of tape) blank tape (tape punched
with feed holes only) and perhaps spurious punching will be read at the reading station before a
valid punched code is read. It is necessary therefore that parity error conditions which occur

during tape run-in are ignored. Therefore indicator 67 must be tested before a character is

punched to ensure that it .is unset.

If blank tape is produced during a 7-track paper-tape punching program, it is necessary to
suppress the punching of the parity bit which would normally be punched to give the correct odd
parity condition. An additional bit must therefore be read into the punch buffer (via Register B)
to simulate an odd parity condition and this additional bit must be positioned so that it will not be
punched into the tape. For example,when blank tape is to be produced, the buffer store could hold
a zone component of 4 and a numeric component of 0; thus odd parity would be detected and no
parity hole would be punched. As the 4-bit of the zone component is not punched into 7-track tape,

both zone and numeric are interpreted as zero and no code is punched.
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Punch Error
Indicator Set

No

Pick up Error
" Code to Register B

\ Punch Ready?

Yes

v

Punch one character
from Register B

Figure 29: FLOWCHART FOR PUNCHING PAPER TAPE

Tape Punch Programs 3.6.5

A flowchart to punch one character is shown in Figure 28. It is strongly recommended that
the standard I.C.T. subroutines for the paper-tape punch should be used. These routines allow for

punching a block of several characters and provide the following facilities:

(a) Transferring the data to be punched from the appropriate successive locations in I.A 8. to

Register B, positioning the individual zone and numeric component within positions 1 and

7 of this Register and punching the data.

(b} Provision {or an exit to the main program when:
(i) an end of data block code, specified by the programmer, is detected, and/or

(ii) the appropriate number of characters have been punched.

Timings 3.6.6
The only timing relevant to the programmer is that tape is punched at a maximum speed of

300 characters a second; thus the average time required to punch one tape character is 3.33

milliseconds.
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THE INTERROGATING TYPEWRITER 3.7

One interrogating typewriter may be fitted to a 1300-series machine as an additional unit.
The typewriter can operate in a type-in or type-out mode and the selection of the mode of operation
is by program. Thus the typewriter may be used for keying in data while in the type-in mode and

printing out data while in the type-out mode.

The typewriter consists basically of a keyboard and print unit. There is no mechanical link

hetween the keyboard and the print unit except when the typewriter is being used in the type-in mode.

Thus except for engineering maintenance the typewriter cannot be used off-line from the computer.

Keyboard
The layout of the typewriter keyhoard is shown in Figure 30. It can be seen that a repertoire
of 74 characters is available and this repertoire comprises 16 numeric characters 0 to 15, 26

alphabetic characters A to Z and 32 symbols; five functionbars andfive functionkeys are also fitted

on the keyboard.

When the typewriter is in the type-in mode and the computer program is ready to accept data
typed in, the Type indicator lamp will glow and the operator may commence typing. When the
typewriter is in the type-out mode, the keyboard is locked and all keys are inoperative except for

the Request Type-in key (labelled Type In) and the shift keys.

When a character key or function key is pressed (i.e. all function keys except the type-in key
and shift keys), a code is automatically generated and a subseguent Type instruction enters this

code into Register B.

Print Unit

The typewriter print unit operates under manual control during the type-in mode and under
computer control during the type-out mode. It is possible to print out the same characters as
arranged on the typewriter keyboard, i.e. the 16 numeric characters 0 to 15, the 26 alphabetic

characters A to Z and the 32 symbols.

There are 44 type bars but the full repertoire of 74 characters and symbols is available as
each type bar has an upper and lower shift component. (N.B. numeric characters0 to 11 andthe

symbols Full Stop and Comma are arranged in both upper and lower case positions.)

A dual-coloured inked ribbon, red and black, is fitted between the print hammers and the
stationery. When the typewriter is in the type-in mode the red ribbon is automatically set for
printing and when the typewriter isinthe type-out mode the black ribbon is autdmatically positioned

for printing.
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As in a normal typewriter, tabs are fitted and the tabs may be set to the required positions

or cleared either manually or by computer program.

In the type-out mode, the typewriter carriage operates under computer control, i.e. it is

operated by a space, line feed, tabulate or carriage return code from the computer.

A continuous stationery feeding device is fitted to the typewriter print unit. The maximum
length of a continuous roll of stationery (single part) is 250 feet. The device is fitted with a Paper

Present micro switch which will anticipate the running out of paper by approximately eight inches.

Representation within the Computer 3.7.1

All codes which are entered into the computer from the typewriter or transferred from the
computer to the typewriter consist of a zone and numeric component. The zone and numeric
components of each typewriter code for the 74 characters and symbols available are shown in
Figure 31. The components of each code are represented as two digits. When a typewriter key
has been pressed, a subsequent type instruction causes the zone and numeric components of the
character concerned to be entered into positions 1 and 7 of Register B respectively. Similarly in
the type-out mode, the zone and numeric components of a character to be printed must be positioned
in positions 1 and 7 of Register B. When a type instruction is given, the zone and numeric

components in Register B are transferred to a 7-bit buffer store.

It will be noted that the typewriter code is compatible with the computer code used in the
punching of cards and printing on the line printer, the 10 and 11 representation being as in the
card code. Zones 0, 6 and 7 are not of course included in the standard codes for the card punch

and line printer.

It can be seen in Figure3l that 'Do Nothing' is represented by zone 0 (as are all control
codes) and numeric 1; if unallocated combinations of components are used for output for the

typewriter, they will nor produce 'Do Nothing' but a character may be erroneously typed for this code.

ZONE
Numeric 0 1 2 3 4 5 6 7
0 Space 0 * £ . ¢
1 Do Nothing 1 A J & g = X
2 Tabulate 2 B K S % < &
3 Set Tab 3 C L T o > ?
4 Clear Tab 4 D M U - + F
5 Carr, Return, L/F. 5 E N v / T O
6 6 ¥ 0 w 1 ( :
7 7 G P X » ) ]
8 8 H Q Y @ L !
9 9 I R Z 2 + &
10 - 1 10 |
—— —————
14 14

Figure 31: REPRESENTATION OF TYPEWRITER CODES IN COMPUTER
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Typewriter Instructions 3.7.2

Instruction 380070
Effect A 380070 instruction will cause the typewriter to be set to the type-in mode.

Operation A 380070 instruction will cause the following:
(a) The typewriter keyboard will become released (if it had been previously locked by a 380071

instruction; see below).

() The Type indicator lamp on the typewriter will glow.

(¢) The inked ribbon will be positioned so that data will be printed in red.

Notes When the typewriter is in the type-out mode and while the typewriter subroutine is not
required, the typewriter keyboard will be locked by a 380071 instruction. Thus a safeguard is

provided against the accidental operation of the keyboard.

As previously described, the Type indicator lamp will glow thus showing the operator that
the typewriter is in the type-in mode. This provides a further safeguard to ensure that the
type-in subroutine is in I,A.S, before data are typed in. A 380070 instruction must only be given

after indicator 51 has been tested and found to be set.

Instruction 380071
Effect A 380071 instruction will cause the typewriter to be set to the type-out mode.

Operation A 380071 instruction will cause the following:
(a) The typewriter keyboard will be locked.
(b) The inked ribbon on the print unit will be positioned so that data are printed in black.

(c) The Type indicator lamp will be extinguished.

Notes The operation of any key on the keyboard other than the Request Type-in key will be ignored.

This provides a safeguard againstthe accidental operation of the keyboard during the type-out mode.

It is advised that the keyboard should be locked (by a 380071 instruction) and released only
when the keyboard is about to be operated; i.e. the keyboard should be locked when a type-out

subroutine link is stored.

&41 0000 of
38 007! -

A 380071 instruction may be given at any time, but it will only become effective when any

operation in progress has been completed.
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Instruction 380072

Effect

being typed in to be read into Register B.

When the typewriter isinthetype-in mode, a 380072 instruction will cause the character

When the typewriter is in the type-out mode, a 380072 instruction will cause a character to be

read from Register B to the 7-bit typewriter buffer, and printed.

Operation

A 380072 instruction is given after the typewriter has been set in the type-in or type

-out mode, i.e. after a 380070 or 380071 instruction.

TYPE-IN MODE:

58

TYPE-IN MODE: A 380072 instruction will cause the zone and numeric components of the

character being keyed in to be entered into positions 1 and 7 of Register B respectively.

The

previous contents of positions 1 to 5 and 7 to 11 of Register B will be shifted into positions 2

to 6 and 8 to 12 respectively.

be lost.

The previous contents of positions 6 and 12 of Register B will

A 380072 instruction will also cause the function keys to operate as shown in Figure 32,

Function
Key

after instruction 380072 given;

Code Entering Register B

Position 1
(Zone)

Position 7
(Numeric)

Action

Space

Carriage

Return

Clear Tab.

Set Tab

Tab

Shift Key

Shift Lock

0

Figure 32:

0

Typewriter carriage spaced one character
position to the left automatically.

Typewriter carriage will be shifted automatically
to right until left-hand margin stop is engaged;
paper is simultaneously spaced vertically the
amount set by manual control on print unit.

The tabulating setting will be cleared auto-
matically at the position of the carriage when
the key is pressed.

The tabulating setting will be set up auto-
matically at the position of the carriage when
the key is pressed.

Typewriter carriage will be moved automatically
to the left to the next Tab Stop position.

When an additional key is simultaneously
operated, the upper shift character for that
key will be transferred to Register B.

Causes Shift Key to be locked so that upper
shift codes are transferred to Register B for
any keys operated whilst lock is applied.

OPERATION OF FUNCTION KEYS
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TYPE-OUT MODE:

after instruction 380072 given;

Code Entering Register B
Function 3 £ .
. Position 1 Position 7 Action
Key ;
(Zone) (Numeric)
Space 0 0 Typewriter carriage spaced one character
position to the left.
Carriage 0 5 Typewriter carriage will be shifted to right
Return until left-hand margin stop is engaged; paper
is simultaneously spaced vertically the amount
set by manual control on print unit.
Clear Tab 0 4 The tabulating setting will be cleared at the
position of the carriage when code typed out,
Set Tab 0 3 The tabulating setting will be set up at the
position of the carriage when the code is
typed out,
Tab 0 2 Typewriter carriage will move to the left to the
next Tab Stop position,

Figure 33: OPERATION OF FUNCTION KEYS

TYPE-OUT MODE:

character in positions 1 and 7 of Register B to be transferred to the T-bit typewriter buffer

A 380072 instruction will cause the zone and numeric component of a

and printed if it is a code to be typed. The buffer may however hold a code which operates the

typewriter; the codes will operate the typewriter as shown in Figure 33.

Naotes A 380072 instruction must only be given after the typewriter has been set to the type-in
or type-out mode and after indicator 51 (Typewriter Ready, see below) has been tested and found

to be set.

Typewriter Indicators 3.7.3

Indicator 50 Paper Supply Low

Purpose Indicator 50 will be set when the supply of paper in the continuous stationery feed device
is low.
Operation This indicator will be set when the Paper Present micro switch has detected the

absence of paper. The microswitchwill be actuated whenthere is less than about eight inches of paper

left on the platen. Indicator 50 will be unset when a new supply of paper is inserted.

Notes Indicator 50 should be tested at a convenient point in a typewriter program.

Indicator 51 Typewriter Ready

Purpose When the typewriter is in the type-in mode, indicator 51 will be set when a code is

keyed in.
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When the typewriter is in the type-out mode, indicator 51 will be set when the print unit is

ready for operation.

Operation
TYPE-IN MODE: When the typewriter is in this mode of operation, indicator 51 will be set
when a key is pressed with the exception of the Request Type-in key and the shift keys.
This indicator is unset when a 380072 instruction is given. Indicator 51 will also be unset if

the power supply fails.

TYPE-OUT MODE: When the typewriter is in this mode of operation, indicator 51 will be set
when the print unit is ready to accept a 380072 instruction. This indicator will be unset when
a 380072 instruction is given and accepted and remains unset until the action initiated by the

380072 instruction is complete. Indicator 51. will also be unset if the power supply fails.

Notes Indicator 51 must be tested and found to be set before a 380070 or 380072 instruction ig

given.

Indicator 52 Request Type-in

Purpose Indicator 52 will be set when the Request Type-in key is pressed.

Operation As stated above indicator 52 will be set when the Request Type-in key on the type-
writer keyboard is pressed to signal that the operator is ready to use the typewriter for input

purposes. Indicator 52 is unset only when tested by program.

Notes Indicator 52 can he tested at convenient points in a program to ascertain whether the

typewriter is required for input purposes.

Indicator 53 Carriage at End
Purpose Indicator 53 will be set when the typewriter carriage passes the last typeable position

during its movement from left to right.

Operation When the typewriter carriage reaches the right-hand margin stop, indicator 53 will

be set. This indicator is unset when the typewriter carriage leaves the left-hand margin stop.

Notes Indicator 53 can be tested between the testing of indicator 51 and finding it set and giving

a 380072 instruction. Ifitisfound tobe settheonly acceptable orders are 'Do Nothing' or 'Line Feed'.

A counter is usually set to a figure which is equal to the number of characters or spaces for
which the typewriter carriage is to be moved and a Line Feed instruction is given when this figure
is reached. Thus il indicator 53 is tested and found to be set before this figure 1s reached, an

error has occurred.

When the length of typed data required per printed line is variable, indicator 53 can be tested

between the testing of indicator 51 and a 380072 instruction being given.

60 Part 3 3165(2.64)



Indicator 59 Typewriter Mechanical Failure
Purpose Indicator 59 is set when a type bar fails to operate after a 380072 instruction.

Operation  As previously described a 380072 instruction will cause the contents of positions 1 and
7T of Register B to be read out to activate a specific type bar. Should the type bar not be activated,

then indicator 59 will be set. Indicator 59 will be unset when tested by program.

Notes The programming implications (which are somewhat complex) need not concern the
programmer, as the testing of indicator 59 is included, as appropriate, in the various subroutines

available from the Subroutine Library.

Interrogating Typewriter Programs 3.7.4

Programs for the Interrogating Typewriter are complex and somewhat involved. It is
recommended that the proven subroutines be used whenever possible. Careful study of these
subroutines will enable a programmer to become conversant with the programming requirements

for the typewriter.

Timings 3.7.5
The maximum rate of operation isten characters a second, exclusive of line feed and tabulating

times etc.; a change of shift is approximately equivalent to one character time.
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THE ONE-INCH (90kc/s)
AND HALF-INCH (Zl%kcls) MAGNETIC - TAPE SYSTEMS 3.8
Magnetic-tape units can be linked to the computer and used as extra storage for program and
for data words. Magnetic tape has the advantage that its storage capacity is virtually unlimited
and also that reels of tape can be used for permanent storage. Unlike information recorded on the
magnetic drum, information recorded on magnetic tape can be removed irom the computer and
preserved for use on a future run. Information cannot be written onto a tape unless the spool has
a writing ring fitted onto it by the operator. This prevents the accidental overwriting of master

information,

Each tape unit is capable of handling one reel of tape at a time. When the tape is in motion it
passes from one tape spool past the read/write heads where information is read {from or recorded
on the tape, and onto another spool. From one to eight magnetic-tape units may be linked to the

computer and it is possible to read from one unit and write to another unit simultaneously.

A tape control unit acts as a link between the central processor and the individual units. The
tape control unit consists of a read unit and a write unit each containing a buffer store for use
when reading or writing tape. Program instructions are available for controlling the tapes. Words
may be transferred from magnetic tape to I.A.S. and vice versa, the transfers taking place by way

of the appropriate buffer and Register A.

#= Tape movement

Write Head Read Head

Figure 34: READ/WRITE HEADS

Single instructions initiate the transfer of consecutive words between tape and ILA.S., the unit
of transfer being called a block. There is no restriction on the number of words in a block other
than the size of I.A.S. and the remaining length of the tape. The average length of blocks should

be not less than ten words.
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Tape Layout 3.8.1

The last word of each block is the end of block marker. This consists of a word containing
data bits in all positions, i.e.a word with 15 in every digit position. When writing to tape the
programmer must position the end of block marker in the I.A.S. word immediately following the
last data word of the block. A write instruction causes writing to commence at a specified word
of I,A.S. Consecutive words are written to tape up to and including the end of block marker. A
read instruction causes a block to be read into L.A.S., stariing at a specified word. The end of

block marker is read and stored in I,A.S, as the last word of the block.

When reading or writing is taking place, the tape moves past the read/write heads at a constant
speed. When a write order is obeyed, there is a slight delay before the first word of the block is
written to tape. If the tape is starting from rest, then the tape is moving at full speed by the time
the first word is written. When the end of block marker has been written to tape there is a delay,
while the tape is still moving, during which the end of block marker is check-read. These delays
during writing to tape cause gaps on the tape between consecutive blocks. These gaps are called

'inter-block gaps'. They are erased by the write head and therefore contain no information.

Immediately before the first data word of a block is written to tape,a 'block start marker'is
automatically written which consists of three words of special code which are distinct from any
data configuration. On subsequent reading, the block start marker indicates to the read unit that

the first word of the block is about to reach the read head.

The tape layout is summarized below:

Block Start Marker End of Block Marker Block Start Marker

T
I
I
ter-block .
Data In eé ock : Data Inter~block
Tape &P ! Gap Tape
Movement : Movement
e v
B
One block as held
{Not to Scale) in [.A.S.

If a write instruction is given within a short period of time, called the 'fixed delay', of the
previous end of block marker being checked, then writing takes place immediately without the tape

stopping. In this case the inter-block gap is termed a 'short gap'.

If a write instruction is not given within the fixed delay period then writing cannot take place
until the tape has stopped and re-started, resulting in a further delay while the tape comes to a

stopand thenaccelerates againto full speed. In this casethe inter-block gap is termed a 'long gap'.
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During tape reading, the fixed delay is a short period after the reading of a previous end of
block marker., If a read instruction is given within the fixed delay, reading takes place without
the tape stopping. If a read instruction is not given in the fixed delay period, reading cannot take
place until the tape has stopped and re-started. The stopping and starting takes place in the inter
-block gap, the short gap being sufficiently long for this to occur.

Just before the end of a tape there is an end of tape marker. An indicator is set if this

marker is detected on reading or writing tape.

There is an early end of tape markerwhich can be inserted in the tape at a convenient position
before the end of tape marker. Thus the program has warning that the end of tape is approaching

and this allows the necessary action to be taken.

Tape Organization 3.9.2

It is recommended that certain blocks should be writtenon the tape for organizational purposes
only, It is important that the correct tape reels should be loaded for the job to be run and for this
reason the first block on tape is made an identification block. This is called the 'beginning of
tape label', and should be recorded on the tape when the tape is written and checked whenever it is
read. There is a recommended layout for this block and also for the last block on a particular
tape and for the final block of a tape file. General routines are available for reading and writing
tape and for creating and checking label blocks. These 'housekeeping' routines are described in
Part 5 and full details are given in the tape manual (Magnetic-tape Housekeeping Routines and

Conventions).

Checking Facilities 3.8.3

Each digit is represented on the tape by four data bits; in addition to the four data bits,
additional bits are generated and held on the tape for checking purposes. The arrangement of
the check bits is such that the vast majority of multiple transfer errors can be detected and single
-bit transfer errors can be detected precisely. Indicators are set if any errors are detected. I a
single-bit error occurs on reading tape, then the error is not only detected but automatically

corrected in the computer.

When information has been writtento tape, the tape passes to the read head and the information
read back into the computer, where it is automatically checked for transfer errors which may have
occurred during writing. If an error occurs on writing tape, the tape should be backspaced and
the block re-written. If the error is persistent, then that section of tape can be cancelled and the
block written on the next section. Cancelled tape is ignored when it is subsequently read. Data

is transferred from I.A.S, to the tape control unit from whence it is written to tape. When the end
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of block marker is detected in the tape control unit, the transfer from I.A.S. ceases and the end
of block marker is written to tape. If an error should occur in the writing of the end of block
marker, the check-reading system will not detect the end of the block but will read the inter-block

gap; when this is detected the check-reading system causes the tape to stop.

When tape is being read, single-bit errors are detected preciselyand automatically corrected.
If multiple-bit errors occur then the tape should be backspaced and the block re-read. Datais
read from tape to the tape control unit from whence it is transferred to ILA.S. When the end of
block marker is detected in the tape control unit, tape reading ceases and the end of block marker
is stored in ILA,S. I a multiple error should occur in reading the end of block marker, the end of
the block will not be detected. Therefore the incorrect end of block marker will be transferred to
1.A.S. as a normaldata word and the inter-block gap will be read. The inter-block gap is detected on
reading and this will cause the tapeto stop. If a single-bit error occurs on reading the end of block

marker, this is automatically corrected and the end of block is detected in the normal manner.

Tape Deck Addresses and Queueing 3.8.4
Each tape unit has an eight-point rotary switchwhich enables the unitto be allocated an address
in the range 1 to 8. This applies to all tape units irrespective of the number of units linked to the

computer. The tape deck address is specified in magnetic-tape instructions.

When the loading spool is correctly fitted, the operation of the Allocate button on the tape unit
causes the address set on the eight-point switch to be seized by that unit, provided the address is
not already allocated to another unit. When the tape unithas seizedan address it is under computer

control and is governed by instructions referring to that deck address.

If a second unitis allocated anaddress which has already been seized, then it queues and waits
until an unload instruction is given to that address. The first unit then ceases to be under
computer control and the second unit automatically seizes the address and comes under computer

control.

A tape unit may be queued at any time provided that there is no other tape unit already in the

queue.

Any attempt to allocate the same deck address to a third unit will have no effect.
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Magnetic-tape Instructions 3.8.5
All magnetic-tape instructions have function 39, the various instructions being distinguished

by their address digits. A summary of the instructions is given in Figure 35.

Tape Write Instruction
Effect This instruction causes one block to be written from I.A.S. to magnetic tape.

Operation Starting at a specified word of I,A.S., successive words are written on tape, up to and

including the end of block marker.

Notes The instruction is double-length and is made up as follows:
First half Function digits - 39
First two address digits - 00
Third address digit -1
Fourth address digit - Tape deck address -

i.e., a number in the range 1 to 8

Second half Function digits - 00
Address digits - Address of first I,A.S. word to be

written to tape.

Thus the instruction D[ F A R

39 | ooi2

00 003s | /o

causes a block to be written to deck address 2 starting at word 35 block 10.

During the execution of this instruction the write unit is occupied. Further instructions to the
specified tape deck or write or cancel instructions to any tape deck cause the Tape Order Error

indicator to be set.

Tape Read Instruction
Effect This instruction causes one block to be read into I,A.S, from magnetic tape.

Operation  Information from tape is stored in successive words of I.A.S. up to and including the

end of block marker.
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Notes The instruction is double-length and is made up as follows:

First half Functions digits - 39
First two address digits - 00
Third address digit - 2

Fourth address digit Tape deck address -

i.e., a number in the range 1 to 8

Second half Function digits - 00
Address digits - Address of first I.LA.S. word in

which information is to be stored.

Thus the instruction D F A R

39 | Oozi

oo | ooso |37

causes a block to be read fram deck address 1 and stored in I.A.S. starting at word 50 bhlock 37.

During the execution of this instruction the read unit is occupied. Further instructions to the
specified tape deck or read or backspace instructions to anytape deck cause the Tape Order Error

indicator to be set.

Backspace Instruction
Effect This instruction causes the tape to be backspaced one block.

Operation The tape ona specified deck is rewound one block. When it has stopped the tape is

positioned so that the block can be read, written or cancelled. The previous block is unaltered,

Notes  The instruction is a single-length instruction as follows:

Function digits - 39
First two address digits - 00
Third address digit - 3
Fourth address digit - Tape deck address
Thus the instruction D[ F A R
39| 0034

causes the tape on deck address 4 to be rewound one block.

During the execution of this instruction the read unit is occupied. Further instructions to the
specified tape deck or read or backspace instructions to any tape deck cause the Tape Order Error

indicator to he set.
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After backspacing the read unit becomes ready when the block start marker is detected. The
Deck Address Ready indicator does not become set until the tape movement is stopped. Therefore
the Deck Address Ready indicator should be tested after a backspace instruction rather than the
Read Unit Ready indicator. When the Deck Address Ready indicator is set, the tape deck is ready

to accept another instruction.

Cancel Instruction
Effect This instruction causes a block of tape to be cancelled.

Operation The tape is cancelled by writing zeros onto certain of the data and check bits, forming
a pattern which is distinct from any possible data configuration. One block is cancelled, the end
of the block being detected by the check-reading of the inter- block gap. The latter contains a zero

in all bit positions and is therefore distinct from cancelled tape.

Cancelled tape is ignored by subsequent read or backspace instructions and no error indicators

are set.
Notes The instruction is a single-length instruction as follows:
Function digits - 39
First two address digits - 00
Third address digit - 4
Fourth address digit -~ Tape deck address
Thus the instruction D| F A R
39 oowl

causes a block of tape to be cancelled on tape deck address 1.

A cancel instruction should always be preceded by a backspace or rewind instruction.

During the execution of the cancel instruction the write unit is occupied. Further instructions
to the specified tape deck or write or cancel instructions to any tape deck cause the Tape Order

Error indicator to be set.

Rewind Instruction

Effect This instruction causes the tape on a specified deck to be rewound to the beginning of
the tape.

Operation  The tape on the specified deck is rewound to the beginning of the tape. A subsequent

read or write instruction causes the first block on tape to be read or a new block to be written.
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Notes The instruction is a single-length instruction as follows:

Function digits - 39
First two address digits - 00
Third address digit - 3

Fourth address digit

Tape deck address

Thus the instruction D| F A R
39 0056

causes the tape on tape deck address 6 to be rewound to the begining of the tape.

While the tape is being rewound, any further instruction to the same tape deck causes the

Tape Order Error indicator to be set. Any tape instructions can be carried out on other decks.

Unload Instruction

Effect This instruction causes the tape on a specified tape deck to be rewound ready [or re-

moval from the unit.

Operation  The tape on the specified deck is rewound on the loading spool and the spool made ready

for removal. When a tape has been unloaded the tape deck is no longer under computer control.

Notes The instruction is a single-length instruction as follows:
Function digits - 39
First two address digits - 00
Third address digit - 6
Fourth address digit - Tape deck address
Thus the instruction D[ F A R
39 | ooé62

causes the tape on tape deck address 2 to be rewound on the loading spool ready for removal.

Any instruction to a deck for which the unload instruction has been accepted causes the Tape
Order Error indicator to be set. Any tape instructions can be carried out on other decks. If the
deck is queued by another deck, then the unload instruction causes the deck address to be seized by

the second deck. The second deck is then controlled by instructions specifying that deck address.
The following notes deal with consecutive instructions to the same tape deck:

If a read instruction follows a write or cancel instruction no assumption can be made about the

information which is read. This is because of certain tolerances on the lengths of the inter-block
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Digit Positions 1 2 3|4 5 6 7181 9 10 11 12
Instruction Function | 0 |0 | Command Heck 0|0 1.AS.
Address

Write 3 9 0|0 1 1-8 0]10]| I.A.S. Address Double Length
Read 39 fofof oz R ] L e
Backspace 3 9 olo 3 1-8 Single Length
Cancel 3 9 |ofe 4 1-8 Instructions

(May be in
Rewind (Baclkto start of spool) 3 9 o]0 5 1-8 either half
Unload (Tape rewound on spool) 3 9 oo 6 1-8 of word)

Figure 35: SUMMARY OF MAGNETIC-TAPE INSTRUCTIONS,AS HELD IN THE COMPUTER

gaps. For example, if a block is,overwritten by another block of the same data length then the
second block may occupy slightly more tape than the original, thus overwriting the heginning of the

next block.

Errors may alsoarise if a write instruction follows a read instruction to the same unit. This
is because of the distance between the write head and the read head. When a block has been read
the tape stops with the read head positioned in the inter-block gap. Since the read head follows
the write head, however, some of the tape feollowing the inter-block gap may already have passed
the write head. This meansthat partof a previously recorded block may be left on the tape between
the block just read and the block being written, thus causing errors when the tape is subsequently
read. To avoid this, a write or cancel instruction should not follow a read instruction to the same
deck, unless the relevant part of the tape hasbeen previously cancelled, or the whole tape has been

previously erased (by an engineer).

A cancel instruction should normally be used only if a section of tape is found to be persistently
faulty. When the errors are discovered, the relevant block has passed the read/write heads and
the tape must be backspaced so that the correct section is cancelled. A cancel instruction should

therefore always be preceded by a backspace instruction.

The following table summarizes the instructions which may follow each other:

First instruction Next instruction to the same tape deck
Write Read Backspace Cancel
Write Yes No Yes No
Read Yes if tape Yes Yes No
previously
cancelled
Backspace Yes Yes Yes Yes
Cancel Yes No Yes No
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Magnetic - tape Indicators 3.8.6
Indicators 81 to 88 Deck Address Ready

Purpose These indicators are used to testif a tape deck is ready for use, before giving instructions
to operate it. Indicators 81 to 88 may also be used totest whether a read/write operation has been

completed prior to checking it.

Operation  There are eight of these indicators, one for each possible deck address. The indicators

are numbered 81 to 88, and are associated with deck addresses 1 to 8 respectively.
The Deck Address Ready indicator is automatically set if:
(a) The appropriate deck address has been seized by a tape unit, and

(b) the tape deck is not busy, i.e., no tape instruction is currently being executed an that
deck, and

(c) the tapedeckis mechanically ready.

The indicator is unset if any of the above conditions are not satisfied, indicating that the deckis

not ready to receive an instruction.

Notes For example the instruction [ F A R

tests whether deck address 3 isready for use, if it isreadya jumpis made to word12 of the current

block.

The appropriate Deck Address Ready indicator should be tested before giving a tape instruction.

This prevents a tape order error due to an instruction being given to a deck which is not ready.

Indicator 89 Transport Mechanically Ready

Purpose This indicatoris used in conjunction with the Deck Address Ready indicators. If one of
the indicators 81 to 88 is unset, this indicator can be used to discover which of the possible

conditions caused it to be unset.
Operation Indicator 89 is automatically set if:

(a) the last Deck Address Ready indicator to be tested was found to be set, or

(b) the last Deck Address Ready indicator was unset because the tape deck was busy,
The indicator is automatically unset if the last Deck Address Ready indicator was unset:

(a) because the address had not been seized by a tape deck, or

{b) because the tape deck was not mechanically ready.

Notes Indicator 89 should be tested when one of the indicators 81 to 88 is found to be unset.
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If indicator 89 is set the tape deck is busy and the program must wait until the deck is not busy

before giving it an instruction.

If indicator 89 is unset, operator action is required. The address has not been correctly

allocated or there is a mechanical failure. Thus the instructions:

| bl F A R
21 ooo7

5 |4|8r| o007 B

4189 | boos a8

will cause the following:

If deck address 1 is ready for use a jump is made to word 7 of the block which continues with

the tape program.

If deck address 1 is not ready indicator 89 is tested. If indicator B9 is set the tape deck is busy,
so a jump is made to re-test indicator 81 to see if the deck is no longer busy. If indicator 89 is
unset the computer is stopped with 2003 displayed in CR3. This indicates to the operator that

action must be taken.

If a tape deckbecomes mechanically unready, indicator 89 willbecome unsetafter a delay of up

to 500 milliseconds.

Indicator 80 Tape Order Error

Purpose This indicator is set if a tape instruction is given which cannot be accepted.

Operation Indicator B0 is automatically set if:
(a) A tape instruction is given to a deck address which has not been seized by a tape unit.
(b) An instruction is given toa tape deck which is not mechanically ready.
(c) An instruction is given toa tape deck which is busy.

(d) A write or cancel instruction is given to any tape deck while either instruction is already

being executed.

(e) A read or backspace instruction isgiven to any tape deck while either instruction is already

being executed.

(f) A write or cancel instructionis giventoa deck whichhas not had a writing ring fitted to the

tape spool.

The indicator is unset by program test.
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Notes When indicator 80 is set the Tape Order Error light on the console is lit. If the Optional
Stop switch is on, the computer stops automatically when there is a tape order error, CR3 con-
taining the faully instruction with 1 added to it. 1In the latter case starting the computer causes

the Tape Order Error light to go out, but the indicator remains set until tested by program.

The setting of the indicator normally indicates thata program error hasoccurred. The correct

testing of the other tape indicators should ensure that indicator 80 is never set.

Indicator 70 Write Unit Ready
Purpose This indicator is used to test whether the write unit is busy.

Operation  Indicator 70 is set automatically when a write or cancel instruction has been completed,

indicating that the write unit is ready to accept another instruction.
It is unset automatically when a write or cancel instruction is accepted.

Notes Indicator 70 shouldbe testedbefore awrite or cancelinsiructionto ensure that the write

unit is ready and to prevent a possible tape order error. For example instructions:

1 D] F A R
41 70
N7 R s i M /A K<
00 0 | B
29| ootz
7/ S e o poi
(2]} ooos 15

will cause the following:

Indicator 70 is repeatedly tested until the write unit is ready. When the write unit is ready

the instruction to write to deck address 3 is obeyed.

Indicator 72 Read Unit Ready
Purpose This indicator is used to test whether the read unit is busy.

Operation Indicator 72 is set automatically when a read or backspace instruction has been com-

pleted, indicating that the read unit is ready to accept another instruction.
It is unset automatically when a read or backspace instruction is accepted.

Notes Indicator 72 should be tested before a read or backspace instruction to ensure that the read

unit is ready and to prevent a possible tape order error.
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Indicator 74 Any Errors

Purpose This indicator is used to detect whether any transfer errors have occurredduring
writing or reading tape.

Operation Indicator 74 can be associated with writing or reading. When the Write Unit Ready
or Write Master indicators are tested, indicator 74 is associated with writing. When the corres-
ponding read indicators are tested, it is associated with reading. For explanation purposes indi-
cator 74 is referred to as W74 when writing and R74 when reading and this convention also applies

to indicators 75, 76 and 77.
W74 is set if any errors are detected when information is written to tape.
W74 is automatically unset when a write or cancel instruction is accepted.

R74 is set if any error is detected on reading. R74 is set even if the error is a single-bit

error which has been automatically corrected.
R74 is unset automatically when a read instruction is accepted.

Notes R74 is unaffected when a section of tape is read which has been previously cancelled.
Indicator 74 is associated with writing or reading according to the last Unit Ready or Master
indicator to be tested. A test of indicator 74 should therefore be immediately preceded by a test

of one of the indicators 70, 71, 72 or 73.

Indicator 75 Multiple Errors

Purpose This indicator is used to detect any multiple-bit transfer errors which occur during

writing or reading tape.

Operation Indicator 75 can be associated with writing or reading. When the Write Unit Ready
or Write Master indicators are tested, indicator 75 is associated with writing. When the corres-
ponding read indicators are tested, it is associated with reading. Indicator 75 is referred to as

W75 when writing and R75 when reading.
W15 is set if any errors other than single-bit errors occur on writing.
W75 is automatically unset when a write or cancel instruction is accepted.
R75 is set if any errors other than single-bit errors occur on reading.
RY75 is unset when a read instruction is accepted.

Notes R75 is unaffected when a section of tape is read that has previously been cancelled.
Indicator 75 is associated with writing or reading according to the last Unit Ready or Master
indicator to be tested. A test of indicator 75 should therefore be immediately preceded by a test

of one of the indicators 70, 71, 72 or 73.

Indicator 76 End of Tape

Purpose This indicator is used to detect the end of tape marker.
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Operation  Indicator 76 can be associated with writing or reading. When the Write Unit Ready
or Write Master indicators are tested, indicator 76 is associated with writing. When the corres-
ponding read indicators are tested, it is associated with reading. Indicator 76 is referred to as

W76 when writing and R76 when reading.
W76 is set when the end of tape marker is detected during writing or cancelling.
W76 is unset by program test.
R76 is set when the end of tape marker is detected during reading.
R76 is unset by program test.

Notes Indicator 76 is associated with writing or reading according to the last Unit Ready or
Master indicator tobe tested. Atestof indicator 76 should therefore be immediately preceded by a test

of one of the indicators 70, 71, 72 or 73.

Indicator 77 Early End of Tape and Short Block

Purpose This indicator is used to detect the early end of tape marker or to detect a short block

consisting of four words.

Operation Indicator 77 can be associated with writing or reading. When the Write Unit Ready
or Write Master indicators are tested, indicator 77 is associated with writing. When the corres-
ponding read indicators are tested, it is associated with reading. When writing, indicator 77 is
called the Early End of Tape indicator and is referred to as W77. When reading, indicator 77 is

called the Short Block indicator and is referred to as R77.
W77 is set when the early end of tape marker is detected during writing or cancelling.
W77 is unset by program test.

R77 is set when a short block, consisting of exactly four words including the end of block
marker, is detected on reading. Shortblocks may be used for identification purposes and are used
as label blocks by the housekeeping routines.

R77 is unset by program test.

Notes Indicator 77 is associated with writing or reading according to the last Unit Ready or
Master indicator tobe tested. Atestof indicator 77 should therefore be immediately preceded by a test

of one of the indicators 70, 71, 72 or 73.

Indicator 71 Worite Master
Purpose This indicator is used to test if writing has been successfully completed.

Operation Indicator 71 is set if any of the indicators W74, W76 or W77 is set, i.e., if:
(2) any errors have been detected on writing, or
(b) if the end of tape marker has been detected during writing, or

(¢) if the early end of tape marker has been detected during writing.
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Indicator 71 is unset when W74, W76 and W77 are all unset.

Notes If indicator 71 is unset it follows that writing has been successful and no special action

need be taken. Only if indicator T1 is set is it necessary to test W74, W76 and W77 to establish

which exceptions condition has arisen.

Indicator 73 Read Master

Purpose This indicator is used to test whether reading has been successfully completed.

Operation Indicator 73 is set if any of the indicators R75, R76 or R77 is set, i.e., if:

(a)

(b) The end of tape marker is detected on reading.
(c)

Indicator 73 is unset when R75, R76 and R77 are all unset.

Multiple errors have been detected while reading.

A short block has been read.

Notes If indicator 73 is unset it follows that reading has been successful (single-hit errors being

corrected automatically) and no special action need be taken. Only if indicator 73 is set is it

necessary to test R75, R76 and R77 to establish which exceptions condition has arisen.

INDICATOR TITLE SET BY UNSET BY
70 Write Unit Ready Write Unit not busy Write or cancel instruction
71 Write Master W74, W76, W77 becoming set Unsetting of all three indicators
72 Read Unit Ready Read Unit not busy Read or backspace instruction
13 Read Master R75, R76, R77 being set Unsetting of all three indicators
W74 | Write Any Errors Any bit errors written Write or cancel instruction
T4
R74 | Read Any Errors Any bit errors read Read instruction
W75 | Write Multiple Errors Multiple bit errors written Write or cancel instruction
5
! R75 Read Multiple Errors Multiple bit errors read Read instruction
W76 | Write Final End of Tape | Final end of tape marker Program test
76
R76 Read Final End of Tape | Final end of tape marker Program test
W77 | Write Early End of Tape| Early end of tape marker Program test
77
R77 | Read Short Block Short block read Program test
79 Writing Ring Present Writing ring present on spool | Writing ring not present on spool
and transport mechanically transport not mechanically ready
ready and address seized on | or address not seized on deck
deck last tested, last tested
80 Tape Order Error Unacceptable inatruction Program test
Bl Deck Address {1-8) Address seized and tape deck | Address not seized or tape deck
to not busy and mechanically busy or not mechanically ready
88 Ready ready
89 Transport mechanically | Transport mechanically ready| Transport not mechanically
ready and address seized on deck ready or addresas not geized on
last tested, deck last tested,

Figure 36: SUMMARY OF MAGNETIC-TAPE INDICATORS
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Indicator 79 Writing Ring Present

Purpose Thisindicator is used toensure thata writing ring has beenfitted before a write instruc-

tion is given.
Operation  This indicator is associated with the last Deck Address Ready indicator to he tesled.

Indicator 79 is set if a writing ring is present on the tape deck for which the last Deck Address

Ready indicator was tested and if indicator 89 (Transport Mechanically Ready) is set.

It is unset if the writing ring is absent, or if indicator 89 (Transpori Mechanically Ready)
is unset. If a tape deck becomes mechanically unready, indicator 79 will become unset after a

delay of up to 500 milliseconds.

Notes Indicator 79 shouldbe tested before writing to tape. Thisensures thata writing ring has

been fitted and prevents a possible tape order error.

The Secure lamp on the tape unit is lit when no writing ring is present on the loaded reel.

Program Interrupt Facility 3.8.7

Once a tape instruction has been initiated it is carried out automatically and does not require
constant program control. This means that other programs can be obeyed while the tape is in
motion. An automatic interrupt facility is incorporated to cater for the transfer of words between
LA.S. and the tape control unit. Thus the need for any program control during the reading or
writing of tape is eliminated. This enables the programmer to make maximum use of the time

available while the tape is in motion.

When a rewind or unload instruction is being obeyed, there is no transfer between I.A.S. and

magnetic tape and thus any instruction may be obeyed other than atape instructionto the same deck

During a cancel or backspace instruction there is no transfer between I.A.S. and magnetic tape
and any instructions can be obeyed other than drum transfersor tape instructions to the same deck.

Drum transfers cannot be obeyed since they use the same clocking system as the tape decks.

Reading Tape

Information read [rom tape is transferred into a special register, Register G. Register G
is a register used as a buffer store when tape reading is taking place, and can be considered as
being in two halves, each consisting of two 6-digit registers and a small buffer. The layout of

the registers is shown diagrammatically in Figure 37.

Information is read from tape into the small buffers and thence it is transferred into the two

6-digit registers.

When a complete word is contained in the 6-digit registers the tape control unit indicates to the
central processor that it is ready to interrupt the main program in order to transfer the word

to ILA.S.
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Figure 37: TAPE READ

When the current program instruction has been completed the tape control unit breaks in. The
contents of the registers are circulated so that they are interchanged with the contents of Register A.
The data from tape is now contained in Register A and is transferred to I.LA.S. When the transfer
has been completed, the contents of the registers are again interchanged with those of Register A.
The original contents of Register A have thus been restored and the main program continues until

the next word has been read into the registers, when it is again interrupted.

When the tape control unit is ready to break in, the program is interrupted at the end of the
instruction it is obeying. If it is obeying a multibeat instruction, e.g. multiplication, the break-in
takes place at the end of the micro-instruction currently taking place. Drum transfers cannot be
obeyed while reading is taking place since they use the same clocking system as the tape decks and
also take longer than the frequency at which the break-in occurs, and cannot be interrupted in the
middle of execution. Great care should be taken if other peripheral units are used while the tape
is moving since the interruptions from the tape control unit ipset the timings. In particular the
full P.P.F. cannot be used during tape-reading and printing should not take place while reading
one-inch (90 ke/s) tape. Processing should not take place on the current block while it is still

being read since, if any transfer error occurs, the whole block is re-read.

Writing Tape
Information to be written to tape passes through a register, Register F. Register F is used

as a buifer store and can be considered as being in two halves, each consisting of a 6-digit register

and a small buffer. The layout of the registers is shown diagrammatically in Figure 38.

I.A.S.

) 4 Y

[ Aa ] Register A [ Ab ] Register A
6-Digit Reg. 6-Digit Rep. Bufied
4 g

xuilur-—| e _'I Register I
Register I *f. <<

Write Tape <

\

Figure 38: TAPE WRITE
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When a word isto be written to tape the contents of the 6-digit registers ate interchanged with
those of Register A. A word is then written from I.A.S, to Register A and the contents of the
registers again interchanged. The original contents of Register A have thus been restored and the
word to be written to tape is held in the two 6-digit registers. The word is written to tape via the
small buffers. When the 6-digit registers have become empty the tape control unit is ready to

receive another word from I.A.S. and a request to break in is made to the central processor.

The program is interrupted at the end of the instruction it is obeying, or at the end of the
micro instruction if it is obeying a multibeat instruction. Drum transfers cannot be obeyed while
writing is taking place as they use the same clocking system as the tape decks and also take longer
than the frequency at which the break-inoccurs and cannot be interrupted in the middle of execution.
Great care should be taken if other peripheral units are used while the tape is moving since the
interruptions from the tape control unit upset the timings. In particular the full P.P.F. cannot be
used during tape writing and printing should not take place while writing one-inch (90 ke/s) tape.
Processing should not take place on the block which is being written to tape since if any transier
error occurs, the whole block is re-written.

It is possible to read from one tape deck and write to another tape deck simultaneously. In
this case the main program is interrupted by both the read unit and the write unit, the read unit

taking preference if they should both require tp break in at the same time.
The time-sharing with a tape read or write program is effected as follows:

When the read or write instruction. has been given, a jump is made from the tape program to
the section of program which is to betime-shared with the reading or writing. This program is then
executed with occasional automatic interruptions from the tape control unit when atransfer involv-
ingI.A.S.occurs. Whenthe program hasbeen completed areturnis made to the tape program which,
when the transfer has been completed, tests the necessary indicators to ensure that the block has
been correctly read or written. If a section of the main program takes longer to complete than the
reading or writing of the block, the tape will have stopped before control is returned to the tape
program; this however does not matter. If drum transfers occur within the time-sharing program
they should be preceded by tests of Read and Write Units Ready indicators (72 and 70) to check
that the tape transfer has been completed. Facilities for time-sharing when reading or writing

tape are provided with the tape housekeeping routines.
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Flowcharts For Reading and Writing Tape 3.8.8

Flowcharts for reading and writing magnetic tape are included as an illustration of the use of
the various indicators and instructions. These flowcharts do not cover all the housekeeping
procedures in the standard routines and are intended as an example only. It is assumed that
beginning of tape labels have already been written or checked. Reading and writing takes place on

tape deck address x. The value of x would be entered as a parameter at the start of the routine,

Deck Testing Subroutine

This routine determines if deck address x is busy. It may be used to ensure thata tape deck
has finished obeying the current instruction and is ready to receive a further instruction. The use
of this routine prevents any tape order errors arising due to instructions being given todecks which

are busy.

To ensure that tapedeck address x is mechanically ready the appropriate Deck Address Ready
indicator and indicator 89 (Transport Mechanically Ready) are repeatedly tested until the deck
ceases to be busy and is ready to receive another instruction. If the tape deck is not mechanically

ready, then the deck has not been correctly allocated or there is a mechanical failure. The fault

should be corrected and the job restarted from the beginning.

The Deck Testing routine has been made into a subroutine sinceit is used in several places by

the other routines.
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Tape Write Subroutine
This routine writes a block from I.A.S. to magnetic tape on deck address x. A test is made to
ensure that writing has been successfully completed and a count (initially zero) of the number of

blocks which have been written is updated.

A test is made to ensure that a writing ring has been {fitted before an attempt is made to write,.
The Deck Testing routine is enteredbefore this test sinceit tests the Deck Address Ready indicator

and thus associates the Writing Ring Present indicator with the correct deck address.

When the write instruction has been given, an exit is made so that the writing routine can be
time-shared with the main program. On return to the write routine, the Deck Testing routine is
entered to test whether writing has been completed. When the block has been written, indicator 71
(Write Master) is tested. If it is unset then there have been no writing errors and no special
conditions have arisen, and the block count is updated. The times-to-write and times-to-cancel

counts are used when transfer errors occur.

The times-to-write count corresponds to the number of attempts which must be made to write
on a particular section of tape before cancelling that section. The times-to-cancel count corres-
ponds to the number of sections of tape upon which attempts are made to write before giving an
indication that the tape is faulty. If indicator 71 (Write Master) is set, then an error (or excep-

tional case) has arisen and the Write Exceptions routine is entered.
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Write Exceptions Routine
The Write Exceptions routine discovers which exceptions condition has arisen and deals with it

appropriately.

A count is kept (initially zero) of any single- or multiple-bit errors which occur. Hanerror
occurs, the tape is backspaced and another attempt made to write on the same section of tape. I
necessary several attempts are made until the times-to-write count is reduced to zero. When the
count is reduced to zero the block is cancelled and writing is attempted on the next section. If
the times -to-write count is reduced to zero on the next section then this too is cancelled. Attempts
are made, if necessary, on successive sections until the times-to-cancel count has been reduced
to zero. 'When the count is reduced to zero the computer stops with an indication that there are

repeated errors. Restart causes further attempts to be made on following sections of tape.

If the early end of tape marker is detected then a short block is written to tape as the last
block on the reel. This is called the end of reel label and has a special format to distinguish it
from other short blocks. The block count is stored in the end of reel label. A test is made to
discover whether the multiple errors have exceeded the permitted number. If the permitted number
is exceeded the computer stops with the number of single and multiple errors displayed. When

the end of reel label has been correctly written, deck address x is unloadedand a new reel is opened.

The final end of tape should never be detected, sincethe end of reel label is written immediately
after the block in which the early end of tape marker was read. If, however, the final end of tape
is detected, the block which has just been written is preserved. The tape is backspaced and the
end of reel label is written in place of the last block. When the new reel has been opened the

preserved block is written as the first data block of the new spool.
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Tape Read Subroutine
This routine reads ablock from deck address x and storesitin I.LA.5. A test is made to ensure
that reading has been successfully completed and a count (initially zero) of the number of blocks

which have been read, is updated.

When the read instruction has been given, an exit is made so that the read routine can be
time-shared with the main program. When the block has been completely read, indicator 73
(Read Master) is tested. If this indicator is unset no special conditions have occurred. Indicator
R74 (Any Errors) is then tested to determine if any single-bit errors have occurred, these having
been automatically corrected and requiring no special action. The count of single-bit errors is
updated if necessary and the number of blocks read count is also updated. A times-to-read count
is used when errors occur. This count corresponds to the number of attempts which are to be
made to read a black before the attempt is abandoned and the computer stopped. If indicator 73
is set, then a multiple error {or exceptional case) has arisen and the Read Exceptions routine is

entered.
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Read Exceptions Routine
The Read Exceptions routine discovers which exceptions condition has arisen and deals with

it appropriately. A count is kept of any multiple errors which occur.

If a multiple error occurs the tape is backspaced and another attempt made to read the block.
If necessary, several attempts are made until the times-to-read count is reduced to zero. The
computer is then stopped as an indication that the tape deck may be faulty. Restart causes further

attempts to be made.

If a short block is detected, it is examined to see if it is the end of reel or end of file label.
The end of file label is written after the last data block. It acts as an end of reel label and in
addition indicates that there is no further reel to follow. When the end of reel or end of file label
isdetected a check is madeto ensure that the number of blocks read corresponds to the block count
stored in the label. If a short block is not an end of reel or end of file label, then it is treated as

an ordinary data block.

If the final end of tape label is detected the computer is stopped. This condition should never

arise since the end of reel label should always be read before the final end of tape label.

3165(2.64) Part 3 89




THE ONE-INCH (90 kc/s) MAGNETIC-TAPE SYSTEM 3.9

The magnetic tape is one inch wide and is divided into 16 longitudinal tracks. Data is
recordedon the tape in the form of bits. Thusa cross-section of the tape consists of 16 bit positions
and is called a frame. The tape moves at a speed of 150 inches a second. The packing density

is 600 digits (50 words) to the inch and the tape digit transfer speed is therefore 90,000 digits a
second (90 ke/s). The time for one word to pass the read/write heads is 133 microseconds.

The maximum length of tape on a spool is 3,600 feet. The length of tape between the endof
tape marker and the end of the tape is a minimum of 15 inches. The length of tape between the

early end of tape marker and the end of tape marker is a minimum of 15 feet.

Representation of Data on Tape 3.9.1
One tape frame contains eight data bits and eight check bits. The eight data bits comprise
two four-bit digits and it follows that one word of data occupies six tape frames. The digits of a

word are written on the tape as follows:

10 11 12

[ ! [

I i
SRR

' [
[ | [
| | [
| | I

Tape movement =i

The bit positions in one tape frame are grouped as follows:

1
e
3
4 F
5
b
7 C
8
9
10 A
11
12
13 B
14
15
16 } &
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The groups are lettered for explanation purposes only.

The 1, 2, 4 and 8 bits of digit 1, 2, 3, 4, 5 or 6 in the word are recorded in bit positions

1, 6, 7 and 15 respectively. The 1, 2, 4 and 8 bits of digit 7, 8, 9, 10, 11 or 12 in the word are

recorded in bit positions 9, 10, 12 and 13 respectively. Bit positions 2, 3, 4, 5, 8, 11, 14 and 16

are reserved for check bits.

The check bits are generated so as to make unique combinations of odd and even parities for

the digits represented. The way in which the parity bits are generated can be illustrated by the

following diagram:

A B C D E F Bit Sum
9 12 6 1 - 3 G aven
Bit positions 10 13 7 - 15 4 <+————even
on tape
11 14 8 2 16 5 G even
Bit Sum odd odd odd odd odd odd
Digit 7, 8, 9, Digit 1, 2, 3,
10, 11 or 12 4, 50r b6

in the word

in the word

The check bits are generated so that the sum of the bits held in the bit positions in each

column is odd and that the sum in each row is even.

The data and parity bits for a 9 in digit position 1 and a 6 in digit position 7 of a word are as

follows:

A B C D E F
Q 1 0 1 = 0 f— eVen
1 0 4] - 1 m o e €V ET]
0 0 1 0 0 1 p— EVEN
odd odd odd odd odd odd
Digit 7 Digit 1
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This is recorded on a tape frame as:
1
0 } X
0
0 F
1
0
0 C
1
5 ‘
1 A
0
1
0 B
0
! E
0
Example [ ' | ! |
o ol o1l ol 4 2
Consider a word in I.A.S. with the value 000042972481, | | I | i
9 | 7 1 2 | 4 | 8 [ 1
When transferred to tape this is recorded in six frames thus: I [ l | [
Tape movement
1=
The data and check bits are recorded on tape as follows: T [ | [ |
o I o | 0o, 0o o0
1 : A : 1 b
L po o0l o : 0
O O A A
1 lojol ol 1
o o | O : 0 : 0 | 1
|
T I o |0, Lo
I O O A
Tape movement | |
1 1 0 0] 0 1
> | | | i
0 | 1 I 1 1 ol o |0
o |10 I 1 | 0
o | 1 | 0 : 1 : 0] 0
1 : 040, 01 o0
0 0 |1 0|0 [ 1
c | ol o ol o o
t LT AT R I
i 1 l ] l

The check bits are generated when information is written to tape. When a word is read from
tape the odd and even parity configuration is checked for each pair of digits. The system is such

that a single-bit gain or loss can be detected precisely.
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Timings and Statistics
Time for a queued tape unit to come under
computer control.
Fixed Delay Period on reading or writing
Delay before writing first block

Rewinding or unloading speed

Time to rewind a 3, 600 foot reel.

Length of long gap.

Length of short gap.

Time to create long gap on writing
Time to create short gap on writing

Time to traverse long gap on reading -
with stop/start

Time to traverse long gap on reading -
without stopfstart

Time to traverse short gap on reading -
with stopfstart

Time to traverse short gap on reading -
without stop/ start

Time for a word to be transferred from
Register G to [LA,S, during reading

Time for a word to be transferred from
I1.A.S. to Register F during writing

Minimum distance between final end of
tape marker and actual end of tape

Minimum distance between early end of
tape marker and final end of tape marker

3165(2.64)

3.9.2

800 milliseconds after the unload instruction
has been accepted

0.48 ms

2 seconds

Two speeds available, choice depending

on engineers adjustment. (a) 150 inches

a second. (b) 300 inches a second, subject

to last 600 feet (approx.) of tape being
rewound at 150 inches a second; previous
2,400 feet (approx.), or remainder of tape

if less than 3, 000 feet, is rewound at the

full speed of 300 inches a second; remainder,
up to 600 feet, is rewound at 150 inches

a second.

At 150 inches a second, 4 minutes 48 seconds
At 300 inches a second, 3 minutes 12 seconds

1.35 inches

1.12 inches

11.2 ms
7.5 ms

11.2 ms
9.0 ms
9.7 ms
7.5 ms

15 us

15 us

15 inches
15 feet
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Timing 3.9.3
‘When thetape is being read or written, one word passes theread/write heads every 133 micro-
seconds. Of these 133 microseconds, only 15 microseconds are used for transferring information

between tape and I,A.S. and the remaining 118 microseconds can be used for other processing.

It follows that if tape reading or writing is being time-shared with the main program, then for
every 118 microseconds of program there is a delay of 15 microseconds to allow the tape transfer

to take place. This corresponds to an increase in program time of approximately 12.7 per cent.

If bothreading and writing are taking place thenof every 133 microseconds, 30 microseconds are

used for transfers betweentape and1.A.S., leaving 103 microseconds available for other processing.

It follows that if reading and writing are being simultaneously time-shared with the main
program, thenforevery 103 microseconds of program there is a delay of 30 microseconds to allow
the actual transfers to take place. This corresponds to an increase in program time of approx-

imately 29.1 per cent.

The actual time for a block to be read or written on tape can be calculated by allowing 133

microseconds for each word in the block.

In calculating the totaltime for reading or writing tape, allowance should be made for the time

to traverse the inter-block gaps. It is advisable to allow for long gaps when estimating times.
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THE HALF-INCH (221kc/s) MAGNETIC- TAPE SYSTEM 3.10

The tape is half an inch wide and is divided into ten longitudinal tracks. Data is recorded
on the tape in the form of bits. Thus a cross-section of the tape consists of ten bit positions and
is called a frame. The tape moves at a speed of 75 inches a second. The packing density is 300
digits (25 words) to the inch and the tape digit transfer speed is therefore 22,500 digits a second

(22% ke/s). The time for one word to pass the read/write heads is 533 microseconds.

The maximum length of tape on a spool is 3,600 feet. The length of tape between the end of
tape marker and the end of tape is a minimum of 15 inches. The length of tape between the early

end of tape marker and the end of tape marker is a minimum of 20 feet.

Representation of Data on Tape 3.10.1
One tape frame contains four databits and six check bits. The four databits represent one digit,
and it follows that one word of data occupies twelve tape frames. The digits of a word are written

on tape as follows:

Tape Movement
12 .

>

11

—
-_.__—:___..
__..;____
___;- R——
—-.._m____
___@____
W
___':_ —_——
o
__._m.__..-.
[opd

The bit positions in one tape frame are grouped as follows:

Tape Movement

Vv

—_ e — e
w]

OO0 @~ WUk N

—

The groups are lettered for explanation purposes only.

The 1, 2, 4 and 8 bits of a digit are recorded in bit positions 1, 6, 7 and 9 respectively. Bit

positions 2, 3, 4, 5, 8 and 10 are reserved for check bits.
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The check bits are generated so as to make unique combinations of odd and even parities for
the digit represented. The way in which the parity bits are generated can be illustrated by the

following diagram:

-
A B @ D Bit sum
3 L - 6 < even

Bit positions

on tape
4 - 9 7 - even
5 2 10 8 - even
\
Bit Sum odd odd odd odd

Digit of data word

The check bits are generated so that the sum of the bits held in the bit positions in each column

is odd, and that the sum in each row is even.

The data and parity bits for a digit with value 5 are as follows:

A B C D

1 1 - 0 — even
1 - 0 1 < eVeEn
1 0 1 0 < ——— even

odd odd odd odd

This is recorded in a tape frame as:

1
o |}
1
1 | r A
1
0
1 | ¢ D
0
0
Dl }oe

The check bits are generated when information is written to tape. When a word is read from tape
the odd and even parity configuration is checked. The system is such that a single bit which has

been gained or lost can be detected precisely.
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Timings and Statistics

Time for a queued tape unit to come under
computer control

3.10.2

800 ms after the unload instruction has
been accepted.

Fixed delay period on reading or writing

2.04 ms

Delay before writing first block

2 seconds

Rewinding or unloading speed

The rewinding speed is not constant but
decreases as the length of tape on the
loading spool increases, The time to
rewind half a reel is therefore more than
half the complete rewind time.

Time to rewind a 3, 600 foot reel

Under 4 minutes

Length of long gap 1.24 inches
Length of short gap 1 inch
Time to create long gap on writing 18.8 ms
Time to create a short gap on writing 13.4 ms
Time to traverse long gap on reading - 18.8 ms
with stop/start

Time to traverse long pap on reading - 16.6 ms
without stop/start

Time to traverse short gap on reading - 15.6 ms
with stop/start

Time to traverse short gap on reading - 13.4 ms
without stop/start

Time for a word to be transferred from 15 ps
Register G to [.A,S. during reading

Time for a word to be transferred from I.A.S. 15 ns

to Register F during writing

Minimum distance between final end of 15 inches
tape marker and actual end of tape

Minimum distance between early end of 15 feet

tape marker and final end of tape marker

Timings

3.10.3

When the tape is being read or written, one word passes the read/write heads every 533

microseconds; only 15 microsecondsare used for transferring information between tape and I.A.S.,

and the remaining 518 microseconds can be used for other processing.

It follows that if tape reading or writing is being time-shared with the main program, then for

every 518 microseconds of program there is a delay of 15 microseconds to allow the tape transfer

to take place.
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If both reading and writing are taking place then of every 533 microseconds, 30 microseconds
are used for transfers between tape and I.A.S. leaving 503 microseconds available for other

processing.

It follows that if reading and writing are being simultaneously time-shared with the main
program, thenfor every 503 microseconds of program there is a delay of 30 microseconds to allow
the actual transfers to take place. This corresponds to an increase in program time of about

6 per cent.

The actual time for a block to be read or written to tape can be calculated by allowing 533
microseconds for each word in the block. In calculating the total times for reading and writing
to tape, allowance should be made for the time to traverse the inter-block gaps. It is advisable to

allow for long gaps when estimating times.
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THE QUARTER-INCH (16 kcfs) MAGNETIC-TAPE SYSTEM 3.11

Four, sixor eight tape decks canbe linked to the computer and used as extra storage for program
and/or data words. Eachtapedeckis capable of handling one reel of tapeat a time. When the tape is
in motion it passes from one tape spool, past the read/write heads, where information is read or
recorded on the tape, and onto another spool. Information cannot be written to tape unless the
spool has a writing ring [itted to it by the operator. This prevents the accidental overwriting of

master information. Il is possible to read from one deck and write io another deck simultaneously.

There is a tape control unit which acts as a link between the central processor and the
individual tape decks. The tape control unit consists of a read unit and a write unit each containing
a buffer store for use when reading or writing tape. Program instructions are available for
controlling the tapes. Words may be transferred [rom magnetic tape to I.A.S. and vice versa, the

transfer taking place via the appropriate buffer and Register A.

Single instructions initiate the transfer of consecutive words between tape and I.A.S., the unit
of transfer being called a block. There is no restriction on the number of words in a block other

than the size of I.A.S. and the remaining length of the tape.

Information is recorded on tape by varying the length of the signals on the tape to represent

different digital values. This means that information is recorded across the full width of the tape.

The tape is divided into two tracks which run longitudinally along the tape. There is one
write head which writes information across the full width of the tape, andtwo read heads (designated

A and B), one for each track. Program instructions are available for reading from either track.

Read Head A -

Tape Movement

=~ Write Head - Read Head B

Tape Layout 3.11.1

The last wordof eachblock is the endof block marker which consists of a word with 15 in every
digit position. When writing to tape the programmer must position the end of block marker inthe
ILA.S. word immediately following the last data word of the block. A write instruction causes
writing to commence at a specified word of 1,A.S. Consecutive words are written to tape up to and
including the end of block marker. A readinstruction causes a block to be read into LA.S. starting
at a word specified in the instruction. The end of block marker is read and stored in I.A.S. as the

last word of the block.

While a block is being written to tape, parity information is accumulated and stored on the

tape at the end of the block, immediately following the end of block marker.
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After the parity information has been recorded on tape there is a delay while it is check-read
after which the tape is brought to rest. A subsequent write instruction causes the tape to start
moving again, and writing to take place when the tape has reached the necessary speed. These
delays during writing give rise to gaps between consecutive blocks of data. They are called

inter-block gaps. They are erased by the write head and therefore contain no information.

Immediately before writing commences a block start marker is written to tape consisting of
six words of zeros. On subsequent reading this indicates that the data block is about to reach
the reading heads. The tape layout is summarized below.

End of Block Block Start End of Block Block Start
Marker Marker Marker Marker

) l ) l

T T
| 1
| 1
Parity | Inter-block Parity |

Information : Data Gap Information| : Data
! I
: 1
LS vy N J
v ~
One Block as held in I,A.S, One Block as held in I.A,S,
(Not to Scale) Tape Movement T

When reading, the tape is brought to rest between consecutive read instructions. The stopping

and starting takes place in the inter-block gap.

Soon after the beginning of the tape there is a beginning of tape marker. This is read photo
-electrically and prevents the first block being written onthe leading end of the tape which may easily

be damaged.

Just before the end of tape there is an end of tape marker. An indicator is set if this is

detected on writing to tape.

Tape Organization 3.11.2

It is recommendedthat certain blocks shouldbe written on the tape for organizational purposes
only. It is important that the correct tape reels should be loaded for the job to be run and for this
reason the first block on tape is made a label block; and should be recorded on the tape when the
tape is written, and checked whenever it is read. Thereis a recommended layout for this block and
also for the last block on a particular tape and for the final block of a tape file. General routines
are available for reading and writing tape and for creating and checking label blocks. These
'housekeeping' routines are described in Part 5 and full details are given in the tape manual

(Magnetic Tape Housekeeping Routines and Conventions).
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Checking Facilities 3.3

Data values are recorded on tape by recording in one direction for a given time interval.
When a new value is to be recorded, the direction of recording is changed. A change in recording
direction is known as a flux reversal. On reading back, the value of data is assessed by time
intervals elapsing between successive flux reversals. There are four basic time intervals and
each data digit is recorded uniquely on the tape as a combination of two of these intervals. With

this method of recording the following transfer errors may occur:

(a) A reversal may be missed or an extra reversal generated.
(b) The time interval may have deviated from its correct value sufficiently for it to be

interpreted as an adjacent time interval.

Checks are made todetect boththese types of error. Error indicators are set when errors are

detected.

Writing Tape

As a block is being written to tape, parity bits are accumulated for the data contained in the
block. These bits are recorded on the tape at the end of the block as a series of time intervals and
are used for checking purposes. When information has been written to tape it is passed to the
read heads where it is automatically checked on read head A. During check-reading a check is
made that the time interval between any two consecutive flux reversals does not exceed a certain
fixed limit. A check is also made that the total reversals read in a block represent an integral
number of words. These two checks detect errors dueto reversals being missed or extra reversals
being generated. During check-reading the parity bits are re-accumulated as the data is read.
When the complete block has been check-read thesebits are compared with the parity bits recorded
on the tape. Any discrepancy indicates thata write transfer error has occurred and an appropriate
error indicator is set. The parity checking system detects errors which occur due to the time
interval extending into an adjacent range. When an error occurs during writing tape, the tape
should be backspaced, a section of tape should be cancelled and the block re-written on the next
section. If necessarythis procedure should be repeated severaltimes before stopping the computer

and indicating that there is a persistent error. Cancelled tape is ignored when subsequently read.

Data are transferred from I.A.S. to the tape control unit from whence they are written to tape.
When the end of the block marker is detected in the control unit, the transfer from I.A.S. ceases
and the end of block marker is written to tape. As each complete word is check-read, it is
tested to see if it is the end of block marker. If reversals are gained or lost during writing the
check-reading becomes out of phase and parts of two separate words are interpreted as one word.
The data may be such that two part words form a word of fifteens and are interpreted as the end of
block marker. This condition is detected and an error indicator set, when the following characters

are read. This is because the first part of the parity information, which immediately follows the
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end of block marker, should contain zeros. If reversals are gained or missed, or if the reversals
extend to an adjacent range, the end of block marker may not be detected at all. In this case check

-reading continues until the inter-block gap is detected when the tape is automatically stopped.

Reading Tape

When tape is read, a check is made that the time interval between consecutive reversals does
not exceed a fixed limit, and also that the reversals in a block represent an integral number of
words. The parity bits are regenerated and compared with those recorded on the tape. Indicators
are set if any transfer errors are detected by these means. 1If errors occur during reading tape,

the tape should be backspaced and the block re-read.

Data are read from tape to tape control unit from whence they are transferred to 1.A.S.
When the end of block marker is detected in the tape control unit, reading ceases and the end of
block marker is stored in I.A.S. If reversals are gained or missed, the reading becomes out of
phase, and parts of two separate words are interpreted as one word. The data may be such that
two part words form a word of fifteens and are interpreted as the end of block marker. This
condition is detected, and an error indicator set, when the following characters are read. This is
because the first part of the parity information, which immediately follows the end of block marker,
should contain zeros. If reversals are gained or missed, or if the data is misread due to the time
interval extending to an adjacent range, the end of block marker may not be detected at all. In this

case reading continues until the inter-block gap is detected when the tape is automatically stopped.

Tape Deck Addresses 3.11.4
Each tape deck has a fixed address in the range 1 - 8, which is specified in magnetic-tape

instructions.

The pressing of the Allocate button on the tape deck causes the deck to come under computer

control. It is then operated by any instructions referring to its address.

The housekeeping routines provide facilities for overcoming the difficulties of fixed addresses.
This is done by allowing the programmer to specify a programmed address which can be made, by
operator action, to correspondto an actual deck address. This means thatthe operator can allocate
the decks as he wishes and prevents program running being held up because a particular deck is not
available.

The housekeeping routines also provide facilities for queueing. When an unload instruction
has been given to a tape deck, it is possible for its programmed address to be allocated to another

deck. Details of these facilities are given in the Tape Housekeeping Manual.
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Magnetic - tape Instructions 3.1L.5
Tape Write Instruction

Effect This instruction causes one block to be written from I.A.S. to magnetic tape.

Operation  Startingat a specified word of I.A.S., successive words are written on both tracks of the

tape, up to and including the end of block marker.

Notes The instruction is double-length and is made up as follows:
First half Function digits - 39
First two address digits - 00
Third address digit -1

Fourth address digit

I

Tape deck address
i.e., a number in the range 1 to 8

Second half Function digits - 00

Address digits - Address of first I.A.S. word
to be written to tape

Thus the instruction

39 ooz

00 | 0035 10

causes a block to be written to deck address 2 starting at word 35 block 10.

During the execution of this instruction the write unit is occupied. Further instructions to
the specified tape deck or write or cancel instructions to any tapedeck cause the Tape Order.Error

indicator to be set.

Tape Read Instructions

Effect These instructions cause a blockto beread intoI.A.S. from magnetictape. Reading may

take place either on track A or on track B.

Operation  Information from tape is stored in successive words of L.A.S. up to and including the
end of block marker. Two instructions are available, one using the read head on track A and the

other using that on track B.

3165(2.64) Part 3 103




Notes The instructions are double-length and are made up as follows:

First Half Function digits - 39
First two address digits - 00
Third address digit - 2 if reading on track A
T if reading on track B
Fourth address digit - Tape deck address
Second half Function digits - 00
Address digits - Address of first I.A.S. word in which information

is to be stored

For example the instruction D] F A R

causes a block to be read, using track B, from deck address 3 and to be stored in 1.A.S. starting

at word 9 block 16.

During the execution of these instructions the read unit is occupied. Further instructions to
the specified tape deck or read or backspace instructions to any other tape deck will cause the

Tape Order Error indicator to be set.

Backspace Instruction
Effect This instruction causes the tape to be backspaced one block.

Operation The tape on a specified unit is rewound one block. When it has stopped the tape is

positioned so that the block can be read, written or cancelled. The previous block is unaltered.

Notes The instruction is a single-length instruction as follows:
Function digits - 39
First two address digits - 00
Third address digit - 3
Fourth address digit ~ Tape deck address
Thus the instruction D] F A R
39| 0034

causes the tape ontape deck address4 o be rewound one block.

During the execution of this instruction the read unit is occupied. Further instructions to the
specified tape deck or read or backspace instructions to any tape deck cause the Tape Order Error

indicators to be set.
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Cancel Instruction

Effect This instruction causes a section of tape to be cancelled so that it is ignored when

subsequently read.

Operation Thetape is erased while it moves forwardfor afixed length oftime. A cancelled section
of tape contains no information andis therefore ignored by subsequent read or backspace instructions

and no error indicators are set.

Notes The instruction is a single-length instruction as follows:
Function digits - 39
First two address digits - 00
Third address digit - 4
Four address digit - Tape deck address
D[ F A R
Thus the instruction:
39 | 004

causes a section of tape to be cancelled on tape deck address 1.

During the execution of the cancel instruction the write unit is occupied. Further instructions
to the specified tape deck or write or cancel instructions to any tape deck cause the Tape Order

Error indicator to be set.

Rewind Instruction
Effect This instruction causes the tape on a specified deck to be rewound to the beginning of the tape.

Operation The tape on the specified deck is rewound to the beginning of the tape. A subsequent

read or write instruction causes the first block on tape to be read or a new block to be written.

Notes The instruction is a single-length instruction as follows:
Function digits - 39
First two address digits - 00
Third address digit - 5
Fourth address digit - Tape deck address
D] F A R
Thus the instruction 39 | oose

causes the tape on tape deck address 6 to be rewound to the start of the tape. While the tape is
being rewound, any further instructions tothe same tape deck cause the Tape Order Error indicator
to be set. Any tape instructions can be carried out on other decks. When the tape has been re-

wound there is a delay before the first block is read or written.
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Unload Instruction

Effect

from the deck.

Operation
for removal.

computer control.

Notes

Thus the instruction

Function digits

This instruction causes the tape on a specifiedtape deck to be rewound ready for removal

The tape on the specified deck is rewound on the loading spool and the spool made ready

When an unload instruction has been accepted the tape deck is no longer under

The instruction is a single-length instruction made up as follows:

- 39

First two address digits - 00
Third address digit - 6

Fourth address digit

- Tape deck address

D

A R

39

causes the tape on deck address 2 to be rewound on the loading spool ready for removal.

Any instruction to a deck for which the unload instruction has been accepted causes the Tape

Order Error indicator to be set.

Any tape instructions can be carried out on other decks.

Digit
Position 1 2 4 5 6 718 9 10 11 12
. Deck
Function 0| Command 0|0 ILA.S. Effect
Address
39 0 1 1-8 0| 0| I.LA.5. Address| Write
Double-length
AR - SHE 39 0 2 1-8 0| 0| LA.S. Address|Read Track A
Instructions
39 0 7 1-8 0] 0] I.A.S. Address|Read Track B
39 0 3 1-8 Backspace
Single~length
Instructions 39 0 4 1-8 Cancel
(may begin
either half 39 0 5 1-8 Rewind {Back to
of word) Start of Spool)
39 0 6 1-8 Unload (Tape
\ Rewound on Spool)

SUMMARY OF MAGNETIC-TAPE INSTRUCTIONS, AS HELD IN THE COMPUTER.
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Magnetic -Tape Indicators 3.01.6
Indicators 81 to 88 Deck Address Ready

Purpose There are eight of these indicators, one for each possible deck address. They are used

to test whether atape deckis ready for use before giving instructions to use it.

Operation The indicators are numbered 81 to 88, and are associated with deck addresses1 to 8

respectively. The Deck Address Ready indicator is automatically set if:

(a) The appropriate tapedeck is not busy, i.e. no tape instruction is currently being executed

on that deck, and
(b) the tape deck is mechanically ready.

The indicator is unset if either of the above conditions are not satisfied, indicating that the deck

is not ready to receive an instruction.

Notes For example the instruction

o

85| o009 | B

tests whether deck address 5 is ready for use, if it is ready ajump is made to word 9 of the current

block.

The appropriate Deck Address Ready indicator should be tested beforegiving a tape instruction.

This prevents a tape order error due to an instruction being given to a deck which is not ready.

Indicator 89 Transport Mechanically Ready

Purpose This indicator is associated with the Deck Address Ready indicators. T one of the

indicators 81to 88 is unset, this indicator canbe usedto discover which condition caused it to be unset.

Operation  Indicator 89 is automatically set if:
(a) The last Deck Address Ready indicator to be tested was found to be set, or

{b) the last Deck Address Ready indicator was unset because the tape deck was busy.

The indicator is automatically unset if the last Deck Address Ready indicator was unset because
the tape deck was mechanically unready. If a tapedeckbecomes mechanically unready, indicator 89

will become unset after a delay of up to 500 milliseconds.
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Notes Indicator 89 should be tested when one of the indicators 81 to 88 is found to be unset.

If indicator 89 is set the tape deck is busy, the program must wait until the deck is not busy

before giving it an instruction.

If indicator 89 is unset operator action is required because the deck is mechanically unready.

For example I D F A R
s |4 81| 0007 | B
4189 | oo0o5 | &
/ 2002
6 ||| 2002

will cause the following:

If deck address 1 is ready for use a jump is made to word 7 of the block which continues with

the tape program.

If deck address 1 is not ready for use, indicator 89 is tested. If indicator 89 is set the tape
deck is busy and a jump is made to re-test indicator 81 to see if the deck is no longer busy. If
indicator 89 is unset the computer is stopped with 2003 displayed in CR3. This indicates to the

operator that action must be taken.

Indicator 80 Tape Order Error
Purpose This indicator is set whenever a tape instruction is given which cannot be accepted.
Operation  Indicator 80 is automatically set if:

(a) A tape instruction is given to a tape deck which has not been allocated.

(b) An instruction is given to a tape deck which is busy.

(c) A write or cancel instruction is given to any tape deck while either type of instruction is
being executed.

(d) A read or backspace instruction is given to any tape deck while either type of instruction
is being executed.

(e) A write or cancel instruction is given to a deck which has not had a writing ring fitted to
below the tape spool.

(f) A tape instruction is given without specifying a deck address.

Notes When indicator 80 is set the Tape Order Error light on the console is lit. Ifthe Optional
Stop switch is on, the computer stops automatically when there is a tape order error, CR3 contain-
ing the faulty instruction with 1 added to it. In this case, restarting the computer causes the light

to go out, but the indicator remains set until tested by program.
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Indicator 70 Write Unit Ready
Purpose This indicator is used to test whether the write unit is busy.

Operation Indicator 70 is set automatically when a write or cancel instruction has been completed,

indicating that the write unit is ready to accept another instruction.
It is unset automatically when a write or cancel instruction is accepted.

Notes Indicator 70 should be testedbefore awrite or cancelinstructionto ensure that the write

unit is ready and to prevent a possible tape order error. For example instruction:

| D| F A R
o |%|7o| |8
4| 00 o | B
YR S AR T
00 | o005 |/5

will cause the following:

Indicator 70 is repeatedly tested until the write unit is ready. When the write unit is ready the

instruction to write to deck address 3 is obeyed.

Indicator 72 Read Unit Ready
Purpose This indicator is used to test whether the read unit is busy.

Operation Indicator T2 is set automatically when a read or backspace instruction has been

completed, indicating that the read unit is ready to accept another instruction.
It is unset automatically when a read or backspace instruction is accepted.

Notes Indicator 72 should be tested before a read or backspace instruction to ensure that the

read unit is ready and to prevent a possible tape order error.

Indicator 74  Write Errors
Purpose This indicator is used to detect any transfer errors which occur during writing tape.

Operation  Indicator 74 is automatically set if any errors are detected during the check-reading
which follows writing.

Indicator 74 is unset when a write or cancel instruction is accepted:

Indicator 75 Read Errors
Purpose This indicator is used to detect any transfer errors which occur during reading tape.

Operation Indicator 75 is automatically set if any errors are detected during reading.
Indicator 75 is unset when a read instruction is accepted.

Notes Indicator 75 is unaffected when a section of tape is read which has been previously cancelled.
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Indicator 76  End of Tape, Writing
Purpose This indicator is used to detect the end of tape marker when writing tape.

Operation  Indicator 76 is automatically set if the end of tape marker is detected when writing
or cancelling tape.

Indicator 76 is unset by program test.

Notes The end of tape marker is read photo-electrically at a station situated before the write
head. It is not possible to write over the endof tape marker and therefore writing is automatically
inhibited when the end of tape marker is detected. When the next instruction is given, writing is

automatically suspended until the end of tape marker has passed the write head.

When writing is inhibited, a block may have been only partly written. This condition is detected
at the check-reading station and the Write Errors indicator is set. The normal error procedure of

backspacing, cancelling and re-writing the block ensures correct recording.

Indicator 77  Short Block, Reading

Purpose This indicator is used to detect a short block of four words.

Operation Indicator 77 is set automatically when a short block, consisting of exactly four words
(including the end of block marker) is detectedonreading. Short blocks may be used for identification
purposes and are used as label blocks by the housekeeping routines.

Indicator 77 is unset by program test.

Indicator 71 Write Master

Purpase This indicator is used to test whether writing has been successfully completed.

Operation Indicator 71 is set if indicator 74 or indicator 76 is set, i.e. ifi:
(a) Any errors have been detected on writing, or
(b) if the end of tape marker has been detected on writing.

Indicator 71 is unset if both indicator 74 and indicator 76 are unset.

Notes If indicator 71 is unset it follows that writing has beensuccessful. Only if indicator 71 is

set is it necessary to test indicators 74 and 76 to discover which exceptions condition has arisen.

Indicator 73 Read Master

Purpose This indicator is used to test whether reading has been successfully completed.

Operation Indicator 73 is set if either indicator 75 or indicator 77 is set, i.e. if:
(a) Any errors have been detected while reading, or
(b) if a short block has been read.

Indicator 73 is unset when indicators 75 and 77 are both unset.

Notes Ifindicator 73 isunset it follows that reading has beensuccessful. Only if indicator 73 is

set is it necessary to test indicators 75 and 77 to discover which exceptions condition has arisen.
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Indicator 79 Weriting Ring Present

Purpose

is given.

Operation

This indicator is usedto ensure that a writing ring has been fitted before a write instruction

This indicator is associated with the last Deck Address Ready indicator to be tested.

Indicator 79 is set if a writing ring is present on the tape deck for which the last Deck Address

Ready indicator was tested and if indicator 89 (Transport Mechanically Ready) is set.

Itisunset if the writing ring is absent, or if indicator 89 (Transport Mechanically Ready) is unset.

If a tape deck becomes mechanically unready, indicator 79 will become unset after a delay of up to

500 milliseconds.

Notes

been fitted and prevents a possible tape order error.

Indicator 79 should betested before writing totape. This ensures that a writing ring has

The Secure lamp on the tape declk is lit when no writing ring is present on the load reel.

INDICATOR TITLE SET BY UNSET BY
70 Write Unit Ready Write Unit not busy Write or
Cancel Instruction
71 Write Master Indicator 74 or 76 Unsetting of both
becoming set Indicators 74 and 76
T2 Read Unit Ready Read Unit not busy Read or Backspace
Instruction
73 Read Master Indicators 75 or 77 Unsetting of both
becoming set Indicators 75 and 77
74 Write Errors Any Errors during Write or Cancel
Writing Instruction
75 Read Errors Any Errors during Read or Backspace
Reading Instruction
76 End of Tape End of Tape Marker Program Test
during Writing
77 Short Block Short Block Read Program Test
79 Writing Ring Present Writing Ring Present Writing Ring not Present
on Spool and transport on Spool or Transport
mechanically ready and Mechanically unready or
address seized on deck address not seized on declk
last tested last tested.
80 Tape Order Error Unacceptable Instruction |Program Test
81 to 88 Deck Address Tape Deck not.busy and Tape Deck busy or not
(1 to 8) Ready Mechanically Ready Mechanically Ready
89 Transport Transport Mechanically |Transport not Mechanically
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SUMMARY OF MAGNETIC-TAPE INDICATORS
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Program Interrupt Facility 3.11.7

Once a tape instruction has been initiated it is carried out automatically and does not require
constant program control. This means that other programs can be obeyed while the tape is in
motion. An automatic interrupt facility is incorporated to cater for the transfer of words between
I.A.S. and the tape control unit. Thus the need for any program controlduring reading or writing
tape is eliminated. This enables the programmer to make maximum use of the time available

while the tape is in motion.

When a rewind or unload instruction is being obeyed, there is no transfer between I.A.S. and

magnetic tape and thus any instruction may be obeyed other than a tape instruction to the samedeck.

During a cancel or backspace instruction there is no transfer between I.A.S. and magnetic

tape and any instructions can be obeyed other than tape instructions to the same deck.

Reading Tape

Informationfrom tape is read intoa special register, Register G. Register G is a register used
as a buffer store when tape reading is taking place. Register G can be considered as being in two
halves, each consisting of a 6-digit register and a small buffer. The layout of the registers is

shown diagrammatically in Figure 40.

Read
l Tape <
Register G
3 Buffer f— - Buifer —-1p.]

6-digit Register (= 6-digit Register Register G

Aa < Ab Repgister A

Register A
T [.A.S. < f————

Figure 40: TAPE READ

Information is read from tape into the small buffers and thence transferred into the two

6-digit registers.

When a complete word is contained in the 6-digit registers, the tape control unit indicates to
the central processor that it is ready to interrupt the main program in order to transfer theword

to I.A.S.
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When the current program instruction has been completed the tape control unit breaks in. The
contents of the registers are circulated so that they are interchanged with the contents of Register A.
The data readfrom tape isnow containedin Register A and istransferred to1.A.S. When the transfer
has been completed, the contents of the registers are again interchanged with those of Register A.
The original contents of Register A have thus been restored and the main program continues until

the next word has been read into the registers, when it is again interrupted.

When the tape control unit is ready to break in, the program is interrupted at the end of the
instruction it is obeying. If it is obeying a multibeat instruction, e.g. multiplication, the break-in
takes place at the end of the micro instruction currently taking place. Drum transfers cannot be
obeyed while reading is taking place since they take longer than the frequency at which the break-in
occurs, and cannot be interrupted in the middle of execution. Great care should be taken if other
peripheral units are used while the tape is moving since the interruptions from the tape unit upset
the timings. In particular the full P.P.F. cannot be used during tape reading. Processing should
not take place on the current block while it is still being read since, if any transfer error oceurs,

the whole block is re-read.

Writing Tape
Information to be written to tape passes through a special register, Register F, which is used
as a buffer store. Register F canbe consideredas being in two halves, each consisting of a 6-digit

register and a small buffer. The layout of the registers is shown diagrammatically in Figure 41.

When a word is to be written to tape the contents of the 6-digit registers are interchanged
with those of Register A. A word is then written from I.A.S. to Register A and the contents of the
registers again interchanged. The original contents of Register A have thus been restored and

the word to be written to tape is held in the two 6-digit registers. The word is written to tape via

I.A.S.
Register A
Aa Ab Register A
6-digit Repister Buifer 6-digit Register Buifer Register I
— -I
Register F <
Tape el
Write

Figure 41: TAPE WRITE
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the small buffers. When the 6-digit registers have become empty the tape corntrol unit is ready to

receive another word from I.A.S. and a request to break in is made to the central processor.

The program is interrupted at the end of the instruction it is obeying, or atthe end of the micra
instruction if it is obeying a multi-beat instruction. Drum transfers cannot be obeyed while
writing is taking place as they take longer than the frequency at which the break-in occurs, and
cannot be interrupted in the middle of execution. Great care should be taken if other peripheral
units are used while the tape is moving since the interruptions from the tape control unit upset the
timings. In particular the full P.P.F, cannot be used during tape writing. Processing should not
take place on the block which is being written to tape since, if any transfer error occurs, the whole

block is re-written.

It is possible to read irom one tape deck and write to another tapedeck simultaneously. In this
case the main program is interrupted by both the read unit and the write unit, the read unit taking

preference if they should both require to break in at the same time.
The time-sharing with a tape read or write program is effected as follows:

When the read or write instruction has been given, a jump is made from the tape program to
the section of program which is to be time-shared with the reading or writing. This program is
then executed with occasional automatic interruptions from the tape controlunit whenit requires to
communicate with I.A.S. When the program has been completed a return is made to the tape pro-
gram which when the transfer has been completed, tests the necessary indicators to ensure that
the block has been correctly read or written. If the section of main program takes longer than the
reading or writing of the block, causing the tape to have stopped before control is returned to the
tape program, this does not matter. If drum transfers occur within the time-sharing program they
should be preceded by tests of Read and Write Unit Ready indicators (72 and 70) to ensure that the
tape transfer has been completed. Facilities for time-sharing when reading or writing tape are

provided with the tape housekeeping routines.

Method of Recording on Tape 3.1.8
Information is recorded by lengths of tape which correspond to time intervals between
successive flux reversals. There are four basic time intervals referred to as intervals tO’ tl’ tz,
and t3 respectively. The table below shows the actual value given to each interval when writing
tape, together with the range of timings associated with each interval when reading.
Duration of Recording Permitted Range
Time Interval during Writing on Reading
(microseconds) (microseconds)
tO 16 10 to 21
t1 28 22 to 34
1
tz 43 35to 5
t3 62 52 to 72
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Iftime intervals are readwhichare less than 10 microseconds or greater than 72 microseconds,

the error indicators are set.

When a block of words is written to tape, each digit is recorded uniquely as a combination of

two of the basic time intervals.

In order to achieve this, the 4-bit digit is first converted into two

digits. These digits are known as quaternary digits since they may assume the values 0, 1, 2 or

3, each one corresponding to a basic time interval.

The conversion is achieved as follows:

(a) The 4-bit and the 1-bit of the data digit are combined to give the first quaternary digit.

A quaternary digit of value 0, 1, 2 or 3 is achieved by giving a value of 2 to the original

4-bit and a value of 1 to the original 1-bit.

(b) The 8-bit and the 2-bit of the data digit are combined to give the second quaternary digit.

A quaternary digit of value 0, 1, 2 or 3 is achieved by giving a value of 2 to the original

8-bit and a value of 1 to the original 2-bit.

Example

The digit 14 is recorded in the computer as an B-bit, a 4-bit and a 2-bit.

The first quaternary digit is formed by assigning a value 2 to the original 4-bit,

This gives

a quaternary digit of 2, which is recorded on tape by time interval t2 elapsing between successive

flux reversals.

C}ziﬁi;ym Quaternary Equivalent Time Intervals between Flux Reversals
Digit | Computer
Laat I e ——— T Digit Second Digit Digit Total
8121211 | 4and I Bite | Sand 2 Bits {microseconds)|(microseconds)|(microseconds)
0 gjajoj|o 00 or O 00 or D 16 16 32
1 0j0j0]1 01 or 1 00 or 0 28 16 44
2 0j]0|1]0 00 or 0 0lorl 16 28 44
3 0jo0|1|1 01 or 1 01 orl 28 28 56
4 0{1({0]o0 10 or 2 00 or O 43 16 59
5 ojl1jo]1 11 or 3 00 or O 62 16 78
6 of1|1}o 10 or 2 0l or1l 43 28 71
7 0j1)1|1 11 or 3 01 or 1 62 28 90
8 1fofojo 00 or O 10 or 2 16 43 59
9 11j0]0(1 0l or 1 10 or 2 28 43 71
10 1101110 00 or O 11 or 3 16 62 78
11 Ljof1|t1t 01l or 1 11 or 3 28 62 90
12 111|010 10 or 2 10 or 2 43 43 86
13 1]1(10}1 11 or 3 10 or 2 62 43 105
14 111]1f0 10 or 2 11 or 3 43 62 105
15 111(1]{1 11 or 3 11 or 3 62 62 124
Figure 42: QUATERNARY EQUIVALENTS OF DIGITS 0 TO 15

SHOWING TIME INTERVALS BETWEEN FLUX REVERSALS
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The second quaternary digit is formed by assigning a value 2 to the original 8-bit and a value
1 to the original 2-bit. This gives a quaternary digit of 3, which is recorded on tape by time

interval t3 elapsing between successive flux reversals.

The table in Figure 42 shows the quaternary digits for each digit value 0 to 15 together with

the time intervals associated with them.

Parity Checking System 3.11.9

While information is being written to tape, parity bits (dependent on the data value) are
accumulated in two special parity registers. After the end of block marker has been written, these
parity bits are converted into eight quaternary digits. Eight reversals, with time interval t()’
are written immediately after the end of block marker and these are followed by eight reversals
representing the parity information. When reading or check-reading takes place, the parity bits
are regenerated in the parity registers in the reading or check-reading unit. At the end of the
block the parity bits are converted to quaternary digits and are automatically compared with the

parity digits recorded on tape.
The generation of the parity bits in the parity registers is achieved as follows:

For each quaternary digit written to tape there is a corresponding parity digit. The parity
digit has the value 0, 1, 2 or 3 and is expressed as 2 bits, a 2-bit and a 1-bit. The quaternary

digits and the corresponding parity digits are shown below:

Quaternary Digit 0 1 2 3
Parity Digit 0 3 2 1
Parity Digit Bit 2 0 1 1 0
Parity Digit Bit 1 0 1 0 1

There are six possible transitions for which a time interval may be interpreted as an adjacent

interval, i.e.the transitions t0 to tl’ t1 to to, t1 to tz, t2 to tl’ t2 to t3 and t3 to tz. It can be seen that

four of these transitions change both the 2-bit and the 1-bit of the parity digit, and the other two
change the 1-bit of the parity digit only.

Two groups of parity bits are accumulated as follows:
One group is formed by accumulating the 2-bits of the parity digits in a 5-bit shifting register.

A second group is formed by accumulating the 1-bits of the parity digits in a 7-bit shifting

register.
The arrangement is shown diagrammatically in Figure 43.

The accumulation consists of summing the bit which has been shifted out of the register with

the appropriate bit of the parity digit in a modulo 2 adder. The result is then shifted into the
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e 2 Bits

- P

Modulo 2 Adder

Parity
Digits

5-digit Register

1 Bits

\_ —]> i

Modulo 2 Adder

7-digit Register

Figure 43: PARITY CHECKING

register. The summation modulo 2 in effect means that if the output from the register and the

parity bit are the same, then a zero is entered into the register; if they are different, then a one

is entered into the register. .
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Flowcharts for Reading and Writing Tape 3.11.10

Flowcharts for reading and writing magnetic tape are included as an illustration of the use of
the various indicators and instructions. These flowcharts do not cover all the housekeeping
procedures in the standard routines and are intended as an example only. It is assumed that
beginning of tape labels have already been written or checked. Reading and writing takes place on

tape deck address x. The value of x would be entered as a parameter at the start of the routine.

Deck Testing Subroutine
This routine determines if deck address x is busy. It may be used to ensure that a tapedeck

has finished obeying the current instruction and is ready to receive a further instruction. The use
of this routine prevents any tape order errors arising due to instructions being given to decks which

are busy.

To ensure that tape deck address x is mechanically ready the appropriate Deck Address Ready
indicator and indicator 89 Transport Mechanically Ready are repeatedly tested until thedeck
ceases to be busy and is ready to receive another instruction. If the tape deckis not mechanically
ready, then the deck has not been correctly allocated or there is a mechanical failure. The [ault

should be corrected and the job restarted from the beginning.

The Deck Testing routine has been made into a subroutine since it is used in several places by

the other routines.
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Tape Write Subroutine
This routine writes a block from I.A.S. to magnetic tape on deck address x. A test is made to
ensure that writing has been successfully completed and a count (initially zero) of the number of

blocks which have been written is updated.

A test is made to ensure that a writing ring has been fitted before an attempt is made to write.
The Deck Testing routine is enteredbefore thistest since it tests the Deck Address Ready indicator

and thus associates the Writing Ring Present indicator with the correct déck address.

When the write instruction has been given, an exit is made so that the writing routine can be
time-shared with the main program. On return to the write routine the Deck Testing routine is
entered to test whether writing has been completed. When the block has been written indicator 71
(Write Master) is tested. If it is unset then there have been no writing errors and no special
conditions have arisen, and the block count is updated. The times-to-write count is used when

transfer errors occur.

The times-to-write count corresponds to the number of attempts to be made to write a block
on successive sections of tape before giving an indication that there are persistent errors. If
indicator 71 (Write Master) is set, then an error (or exceptional case) has arisen and the Write

Exceptions routine is entered.
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Write Exceptions Routine

The Write Exceptions routine discovers which exceptions condition has arisen and deals with

it appropriately.
A count is kept (initially zero) of any transfer errors which occur.

If an error occurs, the tape is backspaced, a section of tape is cancelled and an attempt is
made to write the block on the next section. If necessary this is repeated several times until the
times-to-write count is reduced to zero. If this happens the computer stops with an indication that

there arerepeated errors. Restart causes further attempts to be made on following sections of tape.

If the end of tape marker is detected then a short block is written to tape as the last block on
the reel. This is called the end of reel label and has a special format to distinguish it from other
short blocks. The block count is stored in the end of reel label. A test is made to discover
whether the transfer errors have exceeded the permitted number. If this happens the computer
stops with the number of errors displayed. When the end of reel label has been correctly written,

deck address X is unloaded and a new reel is opened.
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Tape Read Subroutine
This routine reads a block [rom deck address x and stores it in I.A.S. It tests that reading

has been successfully completed and updates a count (initially zero) of the number of bloeks which

have been read.

When the read instruction has been given, an exit is made so that the read routine can be time
-shared with the main program. When the block has been completely read indicator 73 (Read
Master) is tested. 1If it is unset no special conditions have arisen and the block count is updated.
The times-to-read count is used when errors occur and corresponds to the number of attempts to
be made to read a block before stopping the computer. If the Read Master indicator is set, then

a transfer error or exceptional condition has arisen and the Read Exceptions routine is entered.
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Read Exceptions Routine
The Read Exceptions routine discovers which exceptions condition has arisen and deals with it

appropriately. A count is kept of any errors which occur.

If an error occurs, the tape is backspaced and another attempt made to read the block. If
necessary several attempts are made until the times-to-read count is reduced to zero. The
computer is then stopped as an indication that the tape deck may be faulty. Restart causes further

attempts to be made,

If a short block is detected, it is examined to see if it is the end of reel or end of file label.
The end of file label is written after the last data block. It acts as an end of reel label and in
addition indicates that there is no further reel to follow. When the end of reel or end of file label
is detected a check is made to ensure that the number of blocks read corresponds fo the block
count stored in the label. If a short block is not an end of reel or end of file label, then it is

treated as an ordinary data block.
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Tape Statistics

128

Maximum length of tape on spool

Minimum distance between end of tape
marker and actual end of tape

Distance between beginning of tape and
beginning of tape marker

Tape Speed
Delay before writing first block
Rewind time for a complete reel

Packing density - assuming random
distribution of digits

Packing density - assuming 25% of digits
are zero - otherwise random distribution

Digit rate - assuming random distribution

Digit rate - assuming 25% of digits zero
otherwise random distribution

Digit rate for all zeros
Digit rate for all fifteens

Average time for one word to pass the read/
write heads - assuming random distribution

Length of inter-block gap

Time to traverse inter-block gap on writing
and write block start marker - excluding
time when tape is awaiting an instruction

Time to traverse inter-block gap and block
start marker on reading - excluding time when
tape is awaiting an instruction

Break-in time when transferring a word to
or from I.A.S.

Time tape is erased during Cancel Instruction

Part 3

1, 800 feet

25 feet

7 to 10 feet

374 inches a second
5 seconds
Under 3 minutes

440 digits an inch

480 digits an inch

16,500 digits a second

18, 000 digits a second

32,000 digits a second
8, 000 digits a second

727 ps

Approx, 0.8 inches

20 to 25 ms

20 to 25 ms

16 ps

50 ms (equivalent to a block of
about 60 words)

3.0
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Timing 3.0L12

Assuming random distribution, one wordtakes 727 microseconds to pass the read/write heads.
When reading or writing is taking place, the break-intime for transferring aword to or from 1.A.S.
takes 16 microseconds, thus leaving 711 microseconds available for other programs. It follows
that when a program is being time-shared with tape reading or writing, the program time is
effectively increased by 16 microseconds for every 711 microseconds. This corresponds to an
effective increase of 2.2 per cent. When reading and writing are simultaneously being time-shared
with the main program, the break-in time amounts to 32 microseconds leaving 695 microseconds

available for program. This corresponds to an effective increase in program time of 4.6 per cent.

The actual time to write or read a block can be calculated by allowing 727 microseconds for
each word in the block. In calculating the total time for reading or writing tape,allowance should

be made for the time to traverse the inter-block gaps.
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Part 4

Programming
Techniques

FLOWCHARTING 4.1

Programming consists of writing a series of instructiens, each of which contributes minutely
to the overall process, and it is essential that the programmer should have a clear representation
of the logical processes involved in a job before commencing to write coded instructions. For this
reason, the logic is expressed in diagrammatical form, in such a way that the ilow of the logic can

be easily followed. Such diagrams are called {lowcharts.

1.C.T has adopted certain conventions for drawing flowcharts and it is recommended that these

should be followed.

When commencing a large job, particularly a commercial application, it is probable that the
first flowchart will be a Systems Flowchart. This chart illustrates in broad outline the data to
be supplied to the computer, the calculationsto be performed and the form of the results, indicating
which peripheral units are to be used. The systems flowchart is usually drawn up from a written
specification of the job, the diagrammatic representation enabling any basic logical errors to be
detected at an early stage. The systems flowchart should be expressed sothat it can be readily under-
stood both by programmers and by those who know the system under considerationbut do not necess-
arily understand programming. The systems flowchart is very often the initial document received

by the programmer and should give him all the information he requires to prepare the program.

Before coding is commenced, a programmers' flowchart should be prepared, either from the
systems flowchart or from a written specification of the routine. This flowchart should cover in
detail all calculations, input/output techniques and error procedures. Indraw ingupthe programmers’
flowchart, the program instructions available should constantly be borne in mind. The flowchart
should be sufficiently detailed for the programmer to convert if directly into coded instructions.
When the chart has been drawn, it should be carefully checked and tested for logical errors by
mentally following the flow for sample data. Careful checking at this stage can save much wasted
programming and machine time. As far as possible, programmers' flowcharts should be written

in terms readily understood by other programmers not directly concerned with that particular job.
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COMPUTER EQUIPMENT

Description 1.C.T. Symbol Description I.C.T. Symbol
Source Core Store
Document

Punched Card

Paper Tape

Typewriter
Input

Computer

Magnetic Drum

Part 4

Magnetic
Tape

General
Operational
Symbol

Printed
OQutput

Typewriter
Qutput

Figure 44: SYSTEMS FLOWCHART SYMBOLS
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NON-COMPUTER EQUIPMENT

Description 1.C.T.Symbol Description I.C.T. Symbol
Punch and
Verify Sort
Tabulator
File of
Punched
Cards
Calculator
Interpret,
Match, Collate, Manual
Interpolate ;
Operations
or
Reproduce
Figure 44 continued
Recommended Procedures 4.1.1

Flowcharts should be drawn on small sheets of paper, being split into convenient sections to
make this possible. Programmers' flowcharts should normally be drawn on foolscap sheets and
systems flowcharts should not exceed double foolscap size. The use of small sheets makes paper
-handling easier, makes chartsless confusing tofollow, and enables them to be more easily reproduced
either by typing or by photo-copying. If black ink on tracing paper is used then dyeline copies are

possible, which is more economical than photo-copying.

The flow of charting should be vertical, running from top to bottom of the sheet, the direction
of flow being indicated by arrows, particularly when branches occur for alternative conditions.
Recommended symbols should be used wherever possible. Templatesare available which contain the
standard symbols, andbacking charts (Form No. 3203(3.60)) which have vertical andhorizontal guiding
lines heavily imprinted onthem, so that they show through the flowchart paper, may also be obtained

from I.C.T.

Recommended Symbols 4.1.2
The I.C.T.recommended symbols for systems flowcharts are shown in Figure 44. The following

symbols are recommended for programmers' flowcharts:
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Boxes Statements of procedure should be enclosed in boxes. Where consecutive statements are
uninterrupted by entries from other parts of the chart, several statements should be enclosed in

one box. The statements should be clear and expressed as short sentences.

| l

Add quantity A to Start output on
quantity B. Store deck address 3. Start
result as current total reading from deck
sales. Add result to address 1, Set count
cumulative sales for to zero. Unset over-
year. flow indicator.

l l

Branches  Where different procedures are followed corresponding to different conditions holding,
the necessarytest todistinguishthe various conditions is enclosed by an oval symbol. The branches

stemming from the oval should each be marked to indicate which condition they denote.

1

Test
Gampute 6 Columns
C=AxB Read

Store 6
Test Result .
characters Reject
in I,A.S. Card

R A

Connectors A connector symbol is provided so thatthe flow can proceed from one sheet to another.
Connector symbols may also be usedto proceed from one pointto another on one sheet, particularly

when a line joining the points would confuse rather than clarify the chart.

The connector symbol consists of a small circle enclosing an identifying number.

indicates that the procedure continues at connector 16 with an arrow leading from it, i.e.

Thus,
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When subsequently converting a flowchartto programinstructions, the presence of a connector
with an arrow leading from it indicates a junction of several pieces of program. This means that
a programmed jump is going to occur to the next instruction and it should therefore be in the

first half of a word.

No,

earlier

Go to error

Is this for \

a later rep?

Transfer next
block of sales
data to I.A.S.

routine.

Store lst reps data.
Modify for next rep.
Set counter to zero.

|

Neither C :

Go to error
routine.

Is this for
the same rep?

Overseas

Test Class
of Sale

Add quantity
into home
sales total,

l

Starts, Stops and Subroutines
Start in a circle rather larger than the connector symbol.

It is usual to indicate the start of a routine by enclosing the word

Set counts A,B and C
to zero., Unset
indicators 10 and 11.
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When flowcharting a subroutine the word Entry is used instéad of Start.

Store Link, Temp.
Store contents of
Register B.

When the procedure involves stopping the computer, this is indicated by the word Stop enclosed

in a circle. A number may also be included to identify the stop.

!

Calculate gross
wage = rate X
hours worked.

Test if this
lies in
permitted range.

Yes

When a subroutine is used as part of the procedure, the subroutine logic is not flowchartedas
part of the main routine. The entry to and exit from the subroutine are indicated on the main
flowchart by lines leading to and from a circle. The circle contains either the name of the sub-
routine or an identifying number. In the latter case the name of the subroutine should also be
written beside the circle. If the subroutine has been specially written for the job concerned, then

it is flowcharted separately. If the subroutineis a library routine, its flowchart neednot be included.

!

Transfer zones and
numerics for headings
Print into print area.
Subroutine

45
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Switches Where different cases share a common piece of procedure, this may be conveniently
represented on a flowchart using switches or variable connectors. The variable connector differs
from the fixed connector in that it contains a letter instead of a number. The letter in the variable

connector is set to different values, the value indicating at which connector the procedure is to continue,

Bring Rep Data Bring Branch
from Drum Data from Drum
Set E = Exit to 11 Set E = Exit to 27

Calculate ratio between sales this
month and the same month last year.
Store for printing. Add Sales this
month to Sales so far this year.
Store for printing. Calculate ratio
between cumulative sales this year
and cumulative sales last year.
Store for printing.

Print
Subroutine

Compare results
with Branch
Target Figures
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Summary of programmers’ flowcharting symbols

|

Statements of
Procedure

Testing of Conditions

Fixed Connector

©

Variable Connector or Switch

Exit to and return

Stop (or Start) Point 8 e ———

WRITING THE PROGRAM 4.2
When the flowcharts have been drawn and checked, the actual programming can begin. If the

program is large, it should be divided into sections and written in blocks. Each block should be
given a relativizer reference number (R.R.N.) which should alsobe used as the block number. It is
recommended that blocks of program shouldnot exceed about 50 words as this makes alteration and
rewriting easier if they should become necessary during testing. Relativizer reference numbers
should also be allocated to data blocks and relative addressing should be used throughout. Where
there are severalblocks inaprogram, constants should be heldunder aseparate R.R. N., so that their
addresses remain unchanged if the other blocks are rewritten. An area of temporary storage is
normally requiredfor counts and intermediate results. This too shouldbe givenits ownR.R.N. There

are recommended uses for certain relativizer numbers, which are described later.
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Throughout program writing, certain information shouldbe recorded as running documentation,
even though this may later have to be altered. Any program indicators having common significance
to several blocks should be allocated initially. Indicators should normally be used starting at 10
and working upwards, to avoid possible clashes with those used by library routines which start at
19 and work downwards. Card and sheet layouts should be recorded on the charts available for
this purpose. Any stops incorporated into the program should be given an identifying number, and
a note should be kept of the stops used together with their significance. It should be remembered
that in order to produce the identifying number in control register 3 when the computer stops, it
must be written in the address part of the stop instruction with one subtracted from it.  Possible
stop numbers lie in the range 1 to 4,000, Numbers 1 to 2,000 are reserved as standard stops for
use in general purpose routines and numbers in the range 2,001 to 4,000 should therefore be used
by the programmer. Any allocations of I.A.S. and drum space should be recorded as they are
allocated, andupdated when necessary. An up-to-date record of any allocations which have already

been made assists greatly in the final storage allocations.

The program is written on program sheets and should be accompanied by narrative. The narrative
should not necessarily cite exactly what each instruction does, but should give a clear overall
picture of what the program is accomplishing. The narrative column should be filled in as the
program is written, as this helps when checking the program and prevents the tedious job of working
through sheets of program filling in the narrative. Ttishelpfulifthere is a systemof cross-referencing
between the program sheets and the flowcharts. The block numbers should be written on the flow-
chart by the appropriate sections. As an added help, a number, which is also written at the
appropriate place on the program sheet, can be given to each step on the flowchart. Any such
numbers on the program sheet should be written where they cannot be confused with information
which is to be punched in the program cards. Any information under the columns 'D', 'F’, 'A’, 'R’
which is not to be punched should be enclosedin brackets. It is also helpful if a note is made on the
program sheet alongside any words which are referred to by instructions in other blocks. This
ensures that if the block has to be altered and its addresses changéd, the necessary alterations are

made to the instructions referring to them.

MODIFICATION 4.3

The address part of an arithmetic instruction may be that of any word in 1,A.S. and may there-
fore refer to either dataor program. For purposes of calculation, the addresses would, of course,
refer to data numbers. Arithmetic operations on program words can, however, be used to good
effect. The alteration of instructions by arithmetic processes is called modification, and is a very

useful technique for reducing the number of words in a program.

Suppose that a particular calculation involves operations on five data numbers in ILA.S., and
that the calculation has to be repeated for ten such sets of numbers. The 50 numbers are held

consecutively in 50 words of 1.A.S.
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There are three possible alternatives:

(a)

(b)

(c)

The sequence of instructions may be writtenout for each of the ten sets in turn, and obeyed

in this sequence.

The sequence of instructions may be written out for the first set. Instructions may then
be included to modify the address parts of the instructions so that they refer to the second
set. The calculation and modification instructions are repeated until the tenth set of data

has been used.

Instructions may be written to transfer the first set of numbers to a working area. The
instructions to perform the calculation refer to the numbers in this working area. After
the calculation, instructions are written to modify the transfer instructions so that it

transfers the second set of numbers to the working area.

The transfer, calculation and modification instructions are repeated until the calculation

has been performed on all ten sets of data.

Methods (b) and (c) show two methods using modification, andit is evident that the written program

using either of these methods is considerably shorter than that using method (a). The relative

merits of methods (b) and (c) depend on the particular calculation involved. If the calculation is

small and there are few instructions to be modified, then method (b) would be used. If, however,

the calculation is extensive, the program is shorter and fewer mistakes are made if method (c) is

used. To economize on storage space in method (c) it may be possible to use the space occupied by

the first set of data as the working area, obeying the calculations onthe first set andthen successively

transferring the other sets into that area.

Example | - The use of method (b)

10

1 D] F [ A [ R | ] NARRATIVE |

g |8 | [ Setindicatonro
27 Oooo | 4 ] Forforns

o |-|ET|eoet | [|[laleulation  __________
&2 | coo=

i |-} 6E(-2888 |8 | | _Accumuiete pemedt ...
67| oooo | & Subtract | Lrom counter

o |40t cos & | | ZE el e b
37| coor | & Fick up rmodifying constant

;3 || 84| 2002 | & Modify instructions
64| oolto 8

e [BLO0|.6500 | B | Bbpent cxalaliomfon nexksebsfilih
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Thedata is held under R.R.N. 4. Theresult is accumulatedin word 0 block 6, which is initially

zero. Word 0 block 5 contains 000 000 000 010. This isused as a counter, allowing the calculation

to be performed on ten sets of data.

Word 1 bloek 5 contains 000 000 000 005.

five so that they refer to the next set of data.

Example 2 - The use of method (c)

1+ Jol F T a TRT T NARRATIVE 1
- . — i oy —
———
7, |- SO E0EE & | Teansferselioflite . ..
5 | pooo |ro lo working avea
000 10
/3 |- 37 | eco0 |0\ N _ e _____
&2 | oool |10
PR WL L _Prform caleulotion, __________
62 | ool |/o and accumulate
b4 | oooo & yresult
/5 i it S
37 | coco2 /a
49 | oooz | ra
/6 il i Bt == HEEEEEEEEE TS
&9 | ooa4 | /o
/? __._é_q-.. -_.o_o_o_o__ __6__ J _____________________________
&7 | oooo | & Subtract | from counter
+ £ Caloulars
o |4l 01| 020 | B | ZERE TR e
37| ccol | & W Modify Lransfen
/g ||eelooz | B | instruction
Aeoeat calcwlatlon
4loo | ootz | B ﬂe’it set a:z‘ data #or

This is a constant used to modify the addresses by

The datais heldunder R.R.N. 4. R.R.N, 10 isusedas aworking area. Theresultis accumulated

in word O block 6, which is initially zero.

Word 0 block 5 contains 000 000 000 010.

to be performed on ten sets of data.

Word 1 block 5 contains 000 005 000 000.

This is used as a counter, allowing the calculation

instruction, so that it transfers the next set of data to the working area.

It is sometimes convenient to modify the function part of an instruction.

This is a constant used to modify the transfer

has the constant D| F

For example if Dl F -
the instruction pair _|62_| oo | 9
42 | oooo

010 000 000 100 added

- to it, it becomes: Y (=00

3165(2.64)
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Example The function digits may be modified in a tape program whenthe deck addressisgivenas
a parameter. The following program would ensure that the correct Deck Address Ready indicator

is tested. The deck address is in the least-significant digit position of word 0 block 9.

[ ol F [ A TRT T NARRATIVE 1

— i Tt = —

[ g ||87| 0002 |G| | Goter qekadiess T "
s4 | ooro Shiff 7o regurred position in word

9 || 88|.2232 | B| | /tadify indlicator fest instruction

88 |ElEi| e R =kl B R L iadiiviiisisiiiviiiivioves; SRS

It is also possible to subtract the modifier instead of adding it, and to use negative modifiers.
As there are two instructions to a word, care mustbe takento ensurethat the modifying constant is
correctly positionedfor modifying the required instructions. When arithmetic is performed, a word
of program is treated as a twelve-digit number. This means that carries may occur between the
two instructions in aword. Because of this, particularly whenusing negative modifiers, the modifi-

cation should be carefully checked to ensure that the required result will be achieved.

Examples

To modify instruction pair

D[ F A R D[ F A R
37| o024 | 8 ¢ 37| ooulk
e HEET 29 5 P P oo o
47| o009 |10 42| 0029 | /o

Add a constant of 000 020 000 020, or subtract a constant of 999 979 999 980.

To modify instruction pair

D] F A R D[ F A R
|37 | 024 | 8_ to .| 37| 0044 | B
42| oo29 | /o 42 | coog | fo

Add a constant of 000 019 999 980 or subtract a constant of 999 980 000 020.

Useful Instructions for Modification 4.3.1
Functions 66 and 67

These instructions are often used for modification, since they provide a convenient means of

modifying by one the address of an instruction in the least-significant half of a word.

12 Part 4 3165(2.64)



Example

| D F A R NARRATIVE
L e B I
— e —] ——— T T ]
o 4|36 | 0007 | B| | _Test 6 Columnsfead
4| 27| o001z | B Test & Colurmrns Missed
4| oo | poes | B
6 S USRI [ — e | ] e e e e o o o o e et - — —— i ——— - ——
7 . _él __0_007 =3
43| ools | = Store ﬁegi.sf’e:ﬂ Cin lA.S.
= S P SN T | L e L T
—-_‘———-/—_‘\-“____——‘-_,—F__—'%—-_\

Notice that in this case the 67 instruction is modifying the instruction contained in the second
half of its own word. The two instructions are transferred to CR1 and CR2 as soon as control is
transferred to word 7. This means that the second instruction is obeyed the [irst time in its
unmodified form, since it is already in CR2 when the 67 instruction is obeyed. The contents of
Register C are therefore stored in word 13 block 3 the first time, followed by words 12,11,10......

when the instructions are subsequently obeyed.

Function 41
The use of the 41 instruction to store the contents of Register A following a control change

gives an extremely useful form of modification.

As was explained in Part 2 under Control Registers, when two single-length instructions have
been obeyed and control is transferred to the following word, Register A contains the lasttwo

instructions to have been obeyed each with one added to them.

Consider the program

10 37| ooz24 | /2

62| ocorq |23

@4l goio | 3

The 41 instruction effectively causes both instructions in word 10 to have 1 added to their

addresses.
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If it is required to modify by one the address in the first instruction only, this can be achieved

as follows:

o |37 2 |1z

62 9 23
41 /0 (=]

&7 10 e

Modification can also be effected by using a 41 instruction after certain double-length instructions.

The following table shows the contents of Register A following the control change after these

instructions have been obeyed.

Function Contents of Register A

45 The 45 instruction with the addresses in both halves
increased by the number of words transferred. If the
number of words is specified as zero, the addresses are

each increased by 20.

80 or B4 The 80 or 84 instruction with the I.A.S5. address increased
by the number of words transferred and the drum address

increased by the number of decades transferred.

81 or 85 The Bl or 85 instruction with the 1,A.S, address increased
by the number of words transferred less one, and the -

drum address increased by the number of decades transferred.

Example
| D] _F A R
[o]
B[] 2 0008 |8
5 | oooo | 9
41| oocog | B
Q SO (B | il S22

The 41 instruction causes the addresses in both halves of the 45 instruction to have 15

added to them.
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Demodification 4.3.2

If a section of program which has been modified is to be used again later in the program, then
it is necessary that it should be reset so that its effect is the same as the first time it was obeyed,
before any modification took place. For example, a card-read program is modified so that
successive sets of six columns are stored in different words of 1.A.S. When the next card is to
be read, the program must be reset so that the first (and subsequent) six columns are stored

in the correct words in 1.A.S.

The process of resetting the program is termed demodification and can be achieved as follows:

(a) Instructions can be included before modification takes place which set the instructions to

their initial values, thus eliminating any previous modifications.

(b) Instructions can be included after modification which reset the instructions in readiness

for the next time that they are obeyed.

(¢) The form of the modification can be such that the newly formed instructions overwrite the

previous instructions, thus eliminating the need for special resetting instructions.

(d) The section of program can be transferred from the drum, where it is stored in an

unmodified form, before being obeyed.

Methad (a) Constants are held which consist of the instructions held in their unmodified form.

Example [ l ol £ [ _A TR
&5 oolg | B
l‘_ ] - —-——f - -——— i .
2 o007 | B
s |%]3e| 0007 |8
|37 o012 | B
4| 00| oOvos | B
6 PR PRI I e e —
&
7 |47 | o007 _| &_
43 | o013 | B
8 e s O S e e
0014
g |.|.67[ 0008 | 5
4102 | ooos | B
ooo7 | B
Il}- __._6_.2 e i e i e
42) ooi2 | =
/5 e | ————— ———
004
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The instruction to store the contents of Register C, and the counter indicating the number of

times Register C is to be stored, are both set to their unmodified forms using a 45 instruction,

Method (b) This may consist of a technique similar to that used in method (a). Alternatively,
demodification may be achieved by subtracting (or adding if modification consistedof subtraction) the

modifier or its multiple if the instruction has been modified several times.

Example |
| D{ F A R
oooo | 2
17 |87 0000 |2
b4 | oorg a8
65 | oorg a
/8 b A i i

37| oooco |25

The 37 instruction is obeyed in its modified form since it is already in the control registers

when demodification takes place.

Example 2
i Dl F A R NARRATIVE
- T O S — N
57| 0012 Zeroise R@:‘Sfeﬂ =3
B gerT | 1Y D8 BREC T, e
7 / 0000 I'4
66| ocoro | £
/0 i e | I e e e e
62 | oooo | 5 Accumulate result in Kesister &
P A N U
4| 02| ooro | & Return fo add in next quantify
iz ||| 20 | 5| | Accumulation complete . Store result.
37| cooo | /9
5 | L8| oce |a | |\ Bemoctipy

where word 0 block 19 contains a constant of 000 000 000 010. Words 0,1,2 ... 9 of block 5 are

summed in Register B and the result stored in word 10 block 5.

Method (c) Constants are held of the instructions in their unmodified form. The modifiers are
added to these constants in Register B, and the modified instruction is stored in the appropriate

place in the program.
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Example

[___| [D] F ; A ILR |
| 37.]. 2000 [ % |
54 | 0006
o033/
0 |--1&21 998! =
42 | oolf a
// R _.37_ ______ SRR

EY 37

&2 | oooo | 8

where the required address for the 37 instruction is held in the least-significant half of word 0

block 5.

There is an extension tothis technique which is known as chain modification. Chain modification

can sometimes be used where several instructions need to be modified by the same number.

Example
] [DT F A |
Suppose that x is the modifier The required modification |
and that it is required to could be achieved - o e
perform the following program;: as follows:
R T N S — o
! DLE A B 37| ocore | B
8lrmo] _____ o ¢2| oooo | £
37| (x) ¥ 42| ooo9 | B
| B#% | 000 | __ & &2 | cor7 | B
62| fio+x) 42| oot | B
g| /0
q eult] VRG] (R - —
37
Si o000/
’a _....__4_ _______ e
&2
— ]
g| /o0
/6 |- S
37
43| 2oo!
/7 === |- ey
25| ooto
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where the modifier x is stored in word 0 block 5. When the first instruction has been modified
it is still contained inRegister B. The addition of a specially created constant produces the required
second instruction. This method reduces the number of program instructions, since there is no

need for a 37 instruction to enter a constant to form the second (and subsequent) instructions.

Note When arithmetic is performed on instructions it is likely that the result (an instruction pair)
will satisfy overflow conditions. It should be noted, therefore, that modification of instructions

may cause the overflow indicator to be set.

Modification and Relative Addresses 4.3.3
Modification takes place when the program is obeyed and it is therefore the absolute address

which is modified.

When it is required to modify the address of an instruction to another under the same R.R.N.,

however, the absolute address need not be considered.

Consider
| D F A R D F A R
5 |-.| €8] 0919 | 23| here word 19 block 23 is  |oo| oo looe__ —
4| oo | voce | B 0000 | 5

If R.R.N. § is set, say to an I.A.S. address of 224, then when the 66 instruction is obeyedthis
will be modified to 225. Whenprogramming, this may be consideredas modifying the address word 0

block 5 to word 1block 5, and the modification will remain correct whatever the setting of R.R.N.5.

If it is required to modify theaddress of an instructionto another under a different R.R.N., the

modifier cannot be assessed until the relativizer settings have been allotted.

For example to modify

D[ F A R Dl F A R
37| ooty |15 to 37| ooiz | 16

and R.R.N. 15 is set to an I.A.S. address of 200, R.R.N. 16 is set to an I.A.S. address of 300, then
it is required to modify absolute address 214 to absolute address 312 i.e. the required modifier
is 88. This type of modification should be avoided, since the modifier becomes incorrect if the

storage is re-allocated.

SUBROUTINES 4.4

A subroutine is a self-contained section of program which can be incorporated into a complete
program. A subroutine can be entered from any point in the main program and is so constructed
that, when the subroutine has been obeyed, a return jump is automatically made to the instruction

immediately following the jump which entered the subroutine.
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MAIN PROGRAM SUBROUTINE

‘-ﬁ-
=
=~ e,
=
=

There are two main reasons for using subroutines:

(a) Certain routines are of a general nature and are common to many programs. These
routines are made generallyavailable viathe I.C.T. Subroutine Library. Examples of such
routines are sines, cosines, square roots etc. for scientific applications and P.A.Y.E.
calculation for commercial applications. Details of the types of routines available are
given in Part 5. The use of general purpose routines can save much programming and

testing time.

(b) Certainsections of program may be requiredat several different points in the main program.
Storage space can be saved by making these sections into subroutines, thus storing them

only once instead of storing them separately each time they are required.

The return jump from the subroutine to the main program is effected by making use of the

contents of Register A following the programmed jump to the subroutine.

Suppose that the subroutine starts at word 0 block 17, R.R.N. 3 is set to an I.A.S. address of
100, R.R.N. 17 is set to an L.A.S. address of 150, and that the block in which the program is written

starts at word 0 in LA.S.

"Consider the program:

I D] F A R

o |--|37} @900 3 _
62 | ooyt 3
[sle] 0000 17

/I .lf T R e Sl e g i -

42 | cors | 3
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The successive

contents of the control registers and Register A are as follows:

370110 620111 004011
620111 Word 110a 004011 Word 110b 370111
004011 Word ll11la 370111 Word I11b 620112
004150 370111 420115 620112 0o4012
Word 150a 420115 Word 150b 004012 004151

Before the first instruction of the subroutine (word 150a) is obeyed, the contents or Register A

are 420115004012,

If these contents are preserved at the beginning of the subroutine, and obeyed

when the subroutine has been completed, control is effectively transferred to the instruction in

the main program immediately following the jump to the subroutine.

Consider now the case where the jump to the subroutine is in the second half of a word:

The successive contents of the control registers and Register A are as follows:

| D[ F A R
o |37 | om0 |3
&2 | oolt E
62| 00I3 | 2
/! s et =
4| 00 | cooa | /7

or Fieor Hait 22 Secend alt a3
370110 620111 004011
620111 Word 110a 004011 Word 110b 370111
004011 Word 111a 370111 Word 111b 620112
630113 370111 004150 620112 004012
004150 Word 113a 004012 Word 113b 630114
Word 150a 004012 Word 150b 630114 004151
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Before the first instruction of the subroutine (word 150a) is obeyed, the contents of Register A
are 004012630114. If these contents are preserved at the beginning of the subroutine, and obeyed

when the subroutine has been completed, this gives the required return jump to word 12 of the
main program.

It can be seen from the two examples just given that, whether the jump to a subroutine is in the
first or second half of a word, Register A contains the necessary information for the return to the

main program. The first instruction to be obeyed in any subroutine is therefore a 41 instruction.

The 41 instruction stores the contents of Register A in a word specially allocated for the purpose.
This word is known as the Link since it provides communication between the subroutine and the
main program. When the instructions forming the subroutine have been completed, control is
transferred to the link, which restores control to the correct place in the main program.

Example

| Bl F A R ' ] N A R
3 || 62| c0uq |17 o — -
64 | oaq4 |17
64 | oog7 Al | Qolz |4
i, |- 2519987 L L R Lo
4|00 | oooo | i3 37| coo4 | 3
N~ ]
6o | orq9/l | /8
R B - ] o
=] ooo
b, EBY 2 |E —Ei fﬂﬁ(}— -

The system of storing a link fora return jump makes it possible for subroutines to themselves

make use of other subroutines, there being no theoretical limit to the number of subroutines in

operation at one time.

Example
MAIN PROGRAM BLOCK 10 BLOCK 9

| D] F A R | D[ F A R i D[ F A R
29 || 62| oo |13 5 |.|4| oo | & 6 || | 0030 | B

&4 | oots |13 37| oot | B 27| ocoot | =2

00 | ooos o oo | oolé
20 .4_L ol [N, _’_.. & .lf e s _‘Zﬂ /7 PR UM [ i
42 | 0013 )

PR N — e 5 |37 |eccz |3 | | o L | __ .
ey R
n & *|i£ JLALK—} i 30 £ {—[: /—NK—} i
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It may be necessaryfor the mainprogram to provide data on which the subroutine can operate,
or for it to provide other necessary information. For example, for a general subroutine toprint
one line, the information to be printed must be provided, and also an indication must be given of
the number of spaces required after the line has been printed. Information, other than data, which
is provided by the main program is termed a parameter or key. This communication between

main program and subroutine can be achieved by the following methods.

Using the Relative Addressing System 4.4.1

The subroutine is written assuming that the data or parameters are held in specified words
under a specified R.R.N. The main program ensures that the information is correctly positioned
before the subroutine is entered. The subroutine does not, of course, impose any storage allocation
restrictions on main program since, although it makes reference to a given R.R.N., the main

program is responsible for setting the value of the relativizer concerned.

Inclusion in the Main Program Block 4.4.2
Where there are only one or two data or parameter words, these can be placed inthe program
block after the jump to the subroutine. The parametersare preceded bya jump instruction causing

the parameter words to be by-passed and not obeyed as program instructions.

Example Consider a subroutine which performs the necessary drum parity error procedurefollowing

a drum transfer. Thedrum transfer to be obeyed must be provided to the subroutine as a parameter.

MAIN PROGRAM SUBROUTINE (BLOCK 29)
| D] _F A R ] D F A R
B8
;2 |4] 00| oooo |29 -] I I
4|00 | oolig | B
0000 |23 4 | ooos | B
5 =L 280 2 IR ol e =M
f0 | cooo |23 NS s it A ESEAL g
23
e || BT|caq |23 z e _Eé {NK—} e
62 | oot6 |23

The link will contain the absolute form of

[#]s] 00/ & 8

co| ooid | B

NEE

The second half contains the address of the parameter, which canbe easily extracted by program.
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Use of Indicators 4.4.3

A subroutine can be written so that if an indicator is set it operates slightly differently from
its operation when the indicator is unset. The main program sets or unsets the indicator to achieve
the required result. For example the programs to evaluate the sine and cosine of an angle are
largely similar and are therefore combined into one subroutine. According to the state of an

indicator, the sine or cosine is evaluated. "

Use of Several Entry Points 4.4.4

As an alternative to using indicatorsit is possible for a subroutine to have several entry points,
corresponding to alternative requirements. Thus, in the first example, it would be possible to
have an entry point at word 0 of the subroutine to evaluate the sine, and an entry point at word 1 of

the subroutine to evaluate the cosine.

Each entry word has a 41 instruction in the first half to store the return to the main program.

The entry points can use a common link since only one entry point is used in any particular case.

Example
1 D[ F A R
8l | ______ o
0 4/ | oco3o | B lst entry point,
41 001 oOoic | B
. | #4 | 0020 | B | 2nd entry point.
4l oo | ools | B
2 _ | 4| 0030 | B | 3rd entry point.
4| op| oozl | B
Standard Procedure 4.4.5

The following procedure is used by library routines, and is recommended for all subroutines.

The subroutine is, if possible, written in one block and is headed by a blank block relativizer
word. The block relativizer setting is inserted here by the main programmer. The subroutine is
written without a block number. The user incorporatesthe subroutine into his program in the same
way as he would a block of his own program, allocating a block number for it and setting the
relativizer for the corresponding R.R.N. Where a subroutine extends over more than one block,

R.R.Ns 99, 98, 97 ... are used, the appropriate R.R.Ns being stated on the specification sheet.

Recommended R.R.Ns are used for temporary storage, data, parameters and results. These

are described later (4.7).
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Indicators are used in the order 19, 18, 17 ....

Unless the state of an indicator is an entry

condition, no assumption is made about the initial states of indicators. Indicators used by the sub-

routine may be in either condition on completion of the subroutine.

Each subroutine is described by a specification sheet for which there are standard forms.

The specification should contain all the necessary information for using the subroutine. The specifi-

cation sheet contains the following information:

Title:
Description:

Entry Points:

Entry Conditions:

Results:

Storage:

Time:

Limitations:

Program

Indicators used:

Error Conditions:

Notes:

STORAGE ALLOCATION

A brief title, giving an indication of what the routine does.
A concise description of what the routine does.

The word at which entry is to be made. If there are several entry points, an

indication of their differences.

Relative addresses of any data or parameters used by the routine. Required

state of any indicators used as entry conditions.
Statement of what results are produced and their relative addresses.

The number of words occupied by the subroutine for program and constants.
The number of words used as temporary storage, the contents on entry being

immaterial.

If possible an exact time for execution of the subroutine or a formula from

which the time can be calculated.

Any limitations of the routine, e.g.caseswhicharenotcateredfor, orlimitations

on accuracy of results.

A list of any indicators used by the subroutine.

Details of error conditions that may arise and of the appropriate action tobe taken.

Any further description required for using the routine.

4.5

When a program is ready to be tested, its storage position on the drum and in ILA.S, must be

allocated. The program is stored on the drum when it is read by Initial Orders, and each block

must therefore be given a drum allocation which does not overlap with that of another block.

1.A.5. allocation is that occupied by the block when it is transierred to I.A.S.

The

Since it is possible

that the whole program cannot be concurrently held in I.A.S., it is possible that several blocks may

share the same I.A.S. allocation.

I.A.S. and on the drum.

Storage should also be allocated for any data areas required in

It should be remembered that any block which is to be specified for the

start of a drum transfer must be stored on the drum starting at the beginning of a decade.

24
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The storage allocation should be recorded, and it is recommended that the I.C.T.storage charts
are usedfor this purpose. Itislikelythat, during testing, some of the blocks may have tobe increased

and the storage allocation modified. Any such changes should be recorded as they are made.

INITIAL ORDERS CONTROL WORDS 4.6

The required storage allocation is communicated to the Initial Orders program by means of
control words. The control words are written on program sheets, punched in program cards and
read by Initial Orders as part of the program pack. The control words include special control
designations which are recognized by Initial Orders. They provide information for Initial Orders

and are not stored in the machine as program.

The most common forms of the control words are described helow. Full details of all possible
uses of the control words, together with a full description of the operation of Initial Orders and the

possible error conditions which can arise are given in the Initial Orders Manual.

Control Designation ‘R’ 4.6.1

The control word having control designation 'R’ is termed a relativizer word. Its purpose is
to provide Initial Orders with the ILA.S, and drum startingaddresses for a particular R,R.N. These
relativizer seitings are recorded in the machine and used during program reading to convert
addresses referring to that R.R.N. from relative to absolute form. The relativizer control word must
be read before any instruction referring to that R.R.N. The relativizer control words are normally
punched threeto a card andread in at the start ofthe program pack before the program instructions.

During program testing, it may be preferable to punch only one relativizer control word to a card.

The form of the relativizer control word is as follows:

Dl F A R
/A 8. Startn
R Adclress

Drum Startingl
Address

Hence the conirol word:

o/ 1315 23

sets relativizer 23 to an 1.A,S. starting address of word 134 and a drum starting address of word
11315. A block may be stored starting at any word on the drum and therefore it is necessary to
specify a drum word (not decade) address in the relativizer word. Note thatthe drum word address

may exceed four digits and that it can therefore overflow into the function digits.
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Instead of writing the absolute I.A.S.and drum addresses in a relativizer word, a relativizer can
be set by making it relative to another relativizer which has previously been set. To achieve this

the previously set relativizer is specified in the relativizer column of the first half of the control word.

Thus the control words:

Bl F A R
Rl ___|. 0200 |
3500 |/0
Lo N Ll 8
ooze |32

(a) Set relativizer 10 to an I.A.S. word address of 200 and a drum word address of 3500.

(b) Set relativizer 32 to an I.A.S. address 100 more than that of relativizer 10 and a drum
address 26 more than that of relativizer 10. Hence relativizer 32 is set to an I.A.S. word

address of 300 and a drum word address of 3526.

This technique is known as the use of relative relativizers. The use of relative relativizers is
strongly recommended particularly when several blocks are stored consecutively on the drum.
Their use can save many tedious alterations to the relativizer words if a block has to be extended

during testing.

Example Consider the control words:

DI _F A R
o - T
0000 =3
Rl___|9023 |5
o023 |/6
R|___| Coak |16
oo4k | /19

which achieve the following settings:

Relativizer I.A.S. Address Drum Address

5 0 0
16 23 23
19 67 67
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Suppose now that an alteration is made to block 5 which makes it two words longer.
This means that the relativizer settings must be changed to:

Relativizer I.A.S. Address Drum Address

5 0 0
16 25 25
19 69 69

assuming that the blocks are still to be held consecutively on the drum and in 1.A.S.

This can be achieved as follows:

D] F A R
Bl el 2000
0000 5
Bl .|/0g9es | 5
0025 | /6
R | co%e | &
(ala¥/ 772 /9

Note that only the control word immediately following that for R.R.N, 5 has been altered.

Control Designation ‘B’ 4.6.2
The control word having control designation 'B' is termed the block relativizer word., A block
relativizer word should appear at the head of every block of program. It is standard practice to

reserve the first card of the block (the B-card) for the block relativizer control word only.
The block relativizer word serves two main purposes:

(a) It indicates to Initial Orders the drum word address for storing the first word of the
following block of program. The remainder of the block is stored in consecutive words

on the drum following the first word.

(b) 1t specifies the [.A.S. and drum addresses for the current block relativizer. These are
used during reading the block to convertany instructions with 'B' in the relativizer column
from relative to absolute form. The block relativizer settings are recorded in the machine

as those for R.R.N.2. R.R.N.2 must therefore not be used as an ordinary relativizer.

The form of the block relativizer control word is as follows:

D F A R 5 - X .
-A.5. 5farte
B| | Address Hence the control word: |g 0100
B N = B|___|.o/00 L
Address 3850

(a) Sets the starting address on the drum for the program block at word 3240.

(b) Sets relativizer 2 (i.e. relativizer B)to an[.A.S.address of 100 and a drum address of 3240,
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A block may be stored starting at any wordon the drum and therefore it is necessary to specify
a drum word (not decade) address in the block relativizer word. Note that the drum word address

may exceed four digits and it can therefore overflow into the function digits.

Instead of writing the absolute I.A.S. anddrum addresses in a block relativizer word, the block
relativizer can be set by making it relative to a previously set relativizer. To achieve this the

previously set relativizer is specified in the relativizer column of the first half of the block relativizer

control word.

Thus the control words:

D F A R
R|___|.0032 | __

o160 | /4
e e

4

1%
(o]
(s}
»
0

(a) Set relativizer 14 to an I.A.S. address of 32 and a drum address of 160.
(b) Indicatethat the following blockof program is tobe stored startingat word 190 on the drum.
(c) Set the block relativizer to an I,A.,S. address of 52 and a drum address of 190.

It is strongly recommended that block relativizers should be set relative to the relativizer

corresponding to their own R.R.N.

Example Suppose that relativizer 10 has been set by the control word

DI F A R
R 0380
50/0 /0

Then consider the following in block 10

B[ _F A R
8] . |.e000 |i0_
0000

37 | ooig =3

35| oor12 2

The first word of program is stored in word 5010 of the drum.

28 Part 4 3165(2.64)



The block relativizeris set to the same I.A.S.and drum addresses as relativizer 10. Since the

B in the relativizer column refers to block 10 this is evidently what is required.
The first word of program is stored in word 5010 of the drum as 370399350392.

This technique eliminates the need for altering the block relativizer control words if the drum

allocation of the blocks is altered.

Control Designation ‘F’ 4.6.3
The control word with designation 'E' is termed the entry word, The entry word is read after

the last programword has been read. It isstandardpractice to reserve thelast card of the program

pack (the E-card) for the entry word only.

The purpose of the entry word is to inform Initial Orders which part of the program is to be

transferred to I.,A.S. and which word of the program is to be obeyed first.

The form of the entry word is as follows:

D F A R
1.A.S.
E Address

No-of | Dram Decade
Pecodes flelress

The effect of the E-word is as follows:

(a) The specified number of decades are transferred from the specified drum decade address

into I.A.S. starting at word 0.

(b) A jump instruction is set up ready for control to be transferred to the specified I.A.S. word

when the Start button is pressed.

Hence the control word:

D[ F A R
£ 0020
12 0zZ90

(a) Transfers 120 words of program from word 2900 on the drum, and stores them in words
0-119 in [LA.S.

(b) Prepares to transfer control to word 20 in [.A.S.

Once the instruction has been set up for controlto be transferredto the specified word of I.A.S.
the Initial Orders routine has been completed. After the Start button is pressed the computer is
controlled by the user's program. It is possible to transfer a maximum of 200 words of program

to I.A.S. using the E-word transfer. Any further transfers must be included in the program.
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It is permissible to use relative addresses in the entry word although this is not generally

recommended.

Thus the control words:

D[ F A R
A ...0000 |
so0ooc | /o

Bl ool O0BE |48
oozl /5

£l __|. 8000 |15
20 | pooo | /0

(a) Set relativizer 10 to an I.A.S. address of 0 and a drum word address of 6000.

(b) Set relativizer 15 to an I,A.S. address of 31 and a drum word address of 6031,

{c) Transfer 200 words of program from drum words 6000-6199 to I.A.S, words 0-199.

(d) Prepare to enter the program at word 31 in L.A.S. (i.e. at word 0 block 15).

If a program has already been stored (and not overwritten) on the drum, then it is possible

to enter it by reading the E-word under Initial Orders,

recommended that:

In order to make use of this facility it is

(a) The E-word should be punched on a separate card from the last program words.

(b) It should have a card number 1 so that it will satisfy the sequence check (see later) when

not preceded by other cards.

{c) Absolute addresses should be used in the E-word. If relative addresses are used then the

relativizer cards must be read first to set the necessary relativizers.

The above facility can be particularly useful during program testing when computer time can be

saved by reading the program once and then entering it several times to test various conditions.

Control Designation ‘C’

4.6.4

The control word with control designation 'C' indicates to Initial Orders that it is required to

zeroize a specified number of words on the drum. Its effectis exactly similar to writing a number

of consecutive zero constants in a block of program, the use of the C-word being more convenient,

however, particularly if there are a large number of words to be zeroized.

30

Part 4

3165(2.64)




The form of the C-word is as follows:

Nurn Ber of words
C |0 £ zervized

the contents of the second half of the C-word are ignored by Initial Orders.

Example I D| F A R
8 il
0024
o-23 |E|_|-002%_
g| /0
24 I I i =
37| o030 | &
2| ool
26 || 67| cote | 3
57| ooof

The C control word causes the first 24 words of block 18 to be zeroized on the drum.

Control Designation ‘F 4.6.5

When the program instructions are all written in absolute form they can be punched with five words
to a card instead of three. When the program words are punched five to a card they are said to be
punched in fast-read form. The control word with designation 'F' indicates to Initial Orders that a
specified number of words are punched in fast-read form. The remainder of the card following
the F control word shouldbe leit blank and the words in fast-read form should start on the following
card, When the fast-read words have been punched the remainder (if any) of the last card should
be left blank and normal punching of three words to a card should start on the following card.
When program is punched in fast-read form each word occupies only 12 columns on a card. The
words must be punched in the form in which they are held in the machine, i.e. addresses must be
absolute, the designation shouldbe added in to the most-significant digit of the address and negative
constants should be punched in complementary form. During fast read, a blank word of 12 columns

is stored as a zero word on the drum.

The form of the F control word is as follows:

the second half of the F control word is blanik.
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Example The control words

B F A R

-2 O et
2000

Ll L .. A -

cause the following 190 fast-read program words to be stored on the drum starting at word 2000.

Note It is normally recommended that fast-read form should be used only when a program has
been fully tested. There is a library program available for punching program stored on the drum
into fast-read cards. There is a standard format for fast-read cards and this is described in the
Initial Orders Manual.

Control Designations ‘P’ and ‘M’ 4. 6. 6
Control designation 'P' indicates to InitialOrders that a positive constant is to be stored in the
program. This constant is normally the actual number written in the Functionand Address columns

on the program sheet.

Exenigle BLOCK 30
| Dl F | A R
o 1P| ze |
02| 1964

causes a constant of 000 026 021 964 to be stored in word 10 of block 30.

However relativizers may be included in either or both halves of the word, Initial Orders
treating the constant as an instruction-pair. The two halves are therefore normally relativized
by the I.A.S. settings of the specified R.R.Ns. However if digit position 1 is an 8, the constant is
treated as a drum transfer instruction and the second half is relativized by the drum setting of the
gpecified R.R.N.

It should be noted that there is no carry between the two halves of an instruction-pair.

Examples  Suppose that R.R.Ns 19 and 20 are set by the following control words:

D F A R
Rl ___| . 230|___

430 | 19
R "7

or /350 | 20
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(a) BLOCK 16
| D[ F A R

Loy

causes a constant of 000000000240 to be stored in word 5 of block 16

and b) BLOCK 40
| 5T F A R
/ 610
26 f. _._z_ __(f____ .._I_?_
22 | zo

causes a constant of 124840000140 to be stored in word 26 of block 40

and c) BLOCK 32
] D] F A R
&€42 | 20
,? ﬁ ...B_?_ __6.._.___. P—
0 19

causes a constant of 896660000043 to be stored in word 19 of block 32.
Note If the constant requires a drum relativizer setting, then digit position 1 must be an 8.

Control designation 'M' indicates to Initial Orders that a negative constant is to be created and

stored in the program.

Example BLOCK 10
T o] F A R
30 ﬂ s A st e e [eS——
/12

causes a constant of 999999999988 to be stored in word 30 of block 10.

Relativizers may be used in either half of the word as for the P designation.

Example BLOCK 48
i 5] F 2 R
26 M| ___|_____ i
30 34

where R.R.N.34 has an L.A.S, setting of 60 causes a constant of 999999999910 tobe stored in word 25
of block 48.

Note When a constant with designation M has relativizers specified, it is converted to

absolute form before negating.
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Initial Orders Sequence Check 4. 6.7

While reading the program pack, Initial Orders carries out a sequence check to ensure that the
cards are in the correct order. It is for this purpose that the block number and the card numbers
within the block are punched on the program cards. In order for the sequence check to be passed
an end of block marker should also be punched on the last card of each block. The end of block
marker takes the form of a punching in column 17 which has a non-zero numeric component. The

following conventions are recommended for the end of block marker:

Last card of a subroutine - Y
Last card of a complete program - 7

Last card of a block other than either of above cases - X.

The end of block marker should be written on the program sheet beneath the card number for
the last block.

Example

C ] D] F A R
| Bl | 7.
0
2 .| 45| o002 | 3_
I Z)| o013 | B
3 . ) A —
" __|37 | %0c0 | 2
(x| 48
4|00 | oooo |zi
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It should be noted that all eards must have a card number, including those cards which contain

control words only.
The following conventions are recommended:

(a) Relativizer cards at the head of the program pack are numbered as if they were a block
of program cards, the last relativizer card being punched with an end of block marker. It

isusualto regardthe relativizer cards asblock 0.

(b) The E-card should be regardedas a one wordblock and should not be numbered as the last

card of the last program block. It is usual to make the E-card card 1 of block 999.

It is possible to include cards between consecutively numbered cards by including a suffix in a

card columnallocatedfor the purpose. Details of howtodo thisare given in the Initial Orders Manual.

Suffixed cards should only be included during program testing, the cards being renumbered

when the program is proved.

RELATIVIZERS 4.7
There are 99 relativizers with R.R.Ns 1 to 99, which may each be set to an I,A.S. and drum

starting address by means of relativizer control words.

Certain standards have been adopted concerning the use of R.R.Ns in the general purpose

routines. These are as {ollows:

R.R.N.1 - This is used as a block for temporary storage,

i.e. storage for counters and intermediate results.

R.R.N.2 - This is used by Initial Orders for storing the block- relativizer settings

R.R.N.2 should not therefore be used as a relativizer number.

R.R.N.3 - Input data to a subroutine.
RR.Ns4to9 - Any other data areas required, input or output.
R.R.Ns 99, 98...... - R.R.Ns given to subroutine block if these are necessary.
Relative Addressing and the use of General Purpose Subroutines 4.7.1

It is evident that, although the allocation of a block number for the subroutine can normally be
left to the user, the subroutine itself often needs to refer to data for which an R R.N. must be

specified. When this is necessary the above conventions are adopted.

When several general purpose routinesare being incorporated into aprogram itis possible that
different routines may make different uses of the same R.,R.N, This is a problem which can be

easily overcome by resetting the relativizers using relative relativizers.
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Example Consider a program which requires the use of the following general purpose routines:

{a) A card read subroutine which stores the card image (i.e. successive sets of 6 columns in

consecutive words of I.A.S.) under R.R.N.3.

{b) A distribution routine which distributes a card image held under R.R.N.3 into a form

suitable for processing, the distributed information being stored under R.R.N.4.
(c) A print routine which prints information held under R.R.N.3 and takes the current sprag

number from word 0 block 4.

Confusion can be avoided if the user allocates his own block numbers for the various sets of
information. Suppose that the program is written and relativizer control words set at the head of

the program assuming the following:
(a) The information from cards is stored as a card image in R.R.N.10,
(b) This information is distributed from R.R.N.10 into R.R.N,11 ready for processing.

(c) The information is processed in R.R.N.11 and is distributed into R.R.N.12 (commencing

at word 1) ready for printing.

(d) The current sprag number is placed in word 0 block 12. The print routine prints the
results from words 1, 2...... block 12 taking the sprag number from word 0 block 12.

In order that the general purpose routines should operate on the correct data it is necessary to

include relativizer control words immediately before the cards for these routines.

Thus, the control word

D] T A R
Rl _._|..@000 |10
0000 | 2

should be included in the program pack immediately before the cards for the card read subroutine,

the control words

D F A R

Rl ___|.0000 | /_
00a0 3

R|___|09099 |/2
0000 | 4

should be included in the program pack immediately before the cards for the distribution routine,
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and the control words

D] F A R
Rl ___|.000r__| 12
ooo/ 3
R|.__|.0000 _|/2
0000 4

should be included in the program pack immediately before the cards for the print subroutine.

Relativizer cards included in this way must, of course, be numbered so that they pass the
Initial Orders sequence check. Subroutinesavailable{rom theI.C.T Libraryhave relativizer control
words included at their head for all relativizers used by the routine. These relativizer cards have
card numbers already punched but the relativizer setting columns are left blank for the user to
include his own settings. The I.A.S. and drum address columns of the block relativizer word(s)

should also be punched by the user.

To avoid possible errors, general purpose routines should be included inthe program pack after
the other program blocks. Hence, in the example given, if block 4 were being used by the main
program, relativizer 4 should not be set to the same addresses as relativizer 10 untilall main program

references to R.R.N.4 have been read and converted to absolute form.

All library routines use R.R.N.1 as a temporary storage area. When using several such
routines, therefore, it is sufficient to allow space under R.R.N.1 for the largest temporary storage
requirement of the routines being used. Care should be taken, however, that intermediate results
are not stored in R.R.N.1 by the main program in words where they will be destroyed by one of

the subroutines.

RESTART PROCEDURES 4.8

When a program makes a test and discovers that an error condition has arisen, the computer
should be stopped with an identifying number in the address part of the stop instruction which is
displayed in CR3. By means of this informationthe operator can diagnose the type of error condition

which has arisen, and take the necessary action to restart the program.

It should normally be possible to continue with the program once the necessary error procedure
has been carried out. For example, if an error is found in the data it might be possible, when the
computer is restarted, to enter an error routine which prints out a statement that the set of data is
not correct. When this has been done the program can continue to read and process the next

set of data.
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Thereare some errors which may arise after which itis not possible to continue with the program
because information recorded in the machine may be incorrect. Before continuing the processing,
therefore, it isnecessaryto returnto anearlier stage inthe programandre-create this information.
For a small program this would mean completely re-running the program. For programs which
run for a long time, however, it is necessary to have restart points to which a return can be made
if necessary. Restart points should be included at least once every half hour in the program
running time. The program must be written so that when a return is made to the previous restart

point any accumulations are set to their original value at that point in the program.

Restarts following I.A.S. and Drum Parity Error Stops 4.8.1

If an ILA.S. parity error occurs, a return should always be made to the previous restart point.
When a word is transferred from ILA.S. to Register A an automatic parity check is carried out and
indicator 06 is set if an error is detected. Parity bits are then regenerated and the word is stored
back in its original location in I,A.S. This means that, if a further attempt is made to effect the
transfer from I.A.S., the parity will be correct although the word itself is incorrect. To avoid

errors, therefore, a return should be made to the previous restart point.

There are standard routines available for testing drum parity and it is recommended that these
should be used. By retaining such routines permanently inI1.A.S. and using them for all drum transfers
certain programming difficulties can be overcome. The drum transfer is supplied to the routine as
a parameter and it is obeyed as part of the subroutine. This makes it possible for a drum transfer
instruction to cause itself to be overwritten, the instruction being preserved in the subroutine if it

becomes necessary to repeat the transfer.

If a drum parity error occurs then the computer is brought to a stop; restart causes another
transfer attempt to be made. When adrum parity erroris detected this implies thata transfer error
has occurred either in the current transfer or when the information was previously recorded on the
drum. In the former case, unless thereis a serious mechanical fault, the error should be corrected
when another attempt is made. I the error is persistent then, either there is a mechanical fault
or the transfer error occurred on writing to the drum. In either case a return should be made to

the previous restart point.

PROGRAM TESTING 4.9

When a program has been written and thoroughly checked it is necessary to test it by running
it on the computer. In order to test a program it is necessary to create (or obtain) sample data.
In addition, particularly when testing a subroutine or a section of a large program, it may'be
necessary to write a special test program to act as a control routine for the program under test.
The control routine would, for example, position the input data correctly and ensure that the
programmed indicators were in the required states. The test data and programs should be such

that every possible sequence of executing the instructions is tested including the error procedures.
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For a large program it is advisable to carry out testing in stages. This enables errors to be
more quickly located since they are confined to certain sections of the calculation. The testing of

a large program can be achieved by one of the following methods:

(a2) Divide the program into sections and test each section individually. When the sections have
all been tested combine them and re-test as a complete program.

(b) Divide the program into sections. Testthefirst sectionand then combine it with the second
section. Test these sections and then combine with the third section. Continue until the
complete program has been assembled and tested.

(c) Assemble the whole program initially but start by using data which test only part of the

program. Gradually include in the tests sufficient data to cover all conditions.

When a program is ready to be tested it should be punched into program cards. The punched
cards should be interpreted so that they can be quickly checked for punching errors. The pack
should then be run with the Validity Check subroutine to detect invalid instructions. Data cards
should also be punched and checkedand placedat the end of the program pack. The assembled pack
should be accompanied by an operators' instruction sheet and sent to the machine room. If any print
-outs are required of the ILA.S., drum or magnetic-tape storage, these should be specified on the
operators' instruction sheet. The program pack willbe returnedwith anindication of whether or not
the final stop was reached. If the final stop was not reached then a console log is returned with
the pack which contains details of the error and the contents of the registers and states of indicators
as displayed on the console when the computer stopped. The states of the Mill, overflow and
program indicators and the contents of Registers B and C are not included on the console log since

they are given at the head of the I.A.S. or drum print-out.

The information provided on the console log should, together with the print-outs of storage, norm-
ally be sufficientfor the programmer to locate his error. Whenone error hasbeen found it is a good
practice to examine the print-outs to determine whether, discounting that error, the program has
operatedcorrectly. Machine time canbe saved and the program proved more quickly if several errors
can be corrected for one run on the machine. There are several general purpose routines available

which canbe usedas aids toprogram testing. These are describedin Part 5 under Diagnostic.Routines.

During program testing it isvery oftennecessary toalter or re-write sections of the program.
It should be noted that if a block is lengthened some relativizer settings may need to be altered.
Any alterations should be recorded on the program sheets so that the latter provide anup-to-date
copy of the program. Care should be taken during re-writing to ensure that altering the positions

of instructions does not lead to further errors. Particular care should be taken where:

(a) There is a jump to a program word from another part of the program.

(b) Reference is made to a word by an instruction in another block; for example where a
constant held in one block is used by another.

(c) Where instructions are used whose effect depends on their positions in the first or second

half of a word. This is particularly true of a 41 instruction.
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TIMING A PROGRAM 4.10

It is often necessary to calculate the exacttime which a piece of program is going to take when
it is run on the computer. This is particularly necessary for a general purpose routine or a piece
of program which is to be time-sharedwith the card reader or card punch. It is evident that such
timings cannot be observed on the computer, since the times involved are much too small to be
accurately measured. The times must thereforebe estimated by a summation of the times involved
inthe execution of the instructions which constitute the program, together withthe timefor the change

of control between program words.

The execution {ime for a section of program consisting of a straightforward sequence of

instructions can be easily assessed as follows:

{a) Sum theinstructiontimes for the instructions which constitute the program. Allow 12 micro-

seconds for an unsuccessful indicator test but add nothing for a successful indicator test.

(b) Add 12n microseconds where n is the number of words constituting the second of program.
This in effect allows 12 microseconds for each control change, whether it is programmed

or occurs automatically between consecutive program words.

Example I D[ F A R
TR R
3 | oooo 5
37| oooo
12 RS Pl ik, N _'5_-_
42 | ooot 3
57| ooo/
/3 e B e S

Z | oooZ | 5

 |-|#2| o000 | 1

4| /8 | oole 1=
61 | cooo /

E e e B
42 | 0000 {

Suppose first that indicator 18 is set. The time can be assessed as follows:

45 instruction (3 words transferred) 78 ps
37 instruction 21 ps
62 instruction 21 ps
57 instruction 17 ps
62 instruction 21 ps
42 instruction 21 ps
Successful indicator test -
12 x number of words obeyed 48 ps
TOTAL TIME 227 ps
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If indicator 18 is unset the times are as follows:

45 instruction (3 words transferred) 78 ps
37 instruction 21l ps
62 instruction . 21 ps
57 instruction 17 ps
62 instruction 21 ns
42 instruction 21 ps
Unsuccessful indicator test 12 ps
61 instruction 21 ps
42 instruction 21 nps
12 x number of words obeyed 60 ps

TOTAL TIME | 293 ps

It should be noted that these times include the control jump to the next word of program. When

timing a subroutine the link should be counted as one of the words constituting the program.

Timing becomes slightly more difficult when the program branches into several alternative
paths or when a section of program forms a loop and is obeyed several times. The best method is

to use the flowchart as a guide and to divide the flowchart into sections for timing purposes.

Example ;
T — Section 1
Calculation
Section 2

<0 >0

1 Test Result I
r :0 1

Calculate l l Calculate l | Calculate [

Section 3

Store Result.
Set Counter = 10

i Section 4

Calculate,
Subtract One
from Counter

>0

Test Counter

=0
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Suppose that it is known that the entire calculation istobe performed18 times and that of these,
eight correspond to the case <0, seven tothe case = 0 and three to the case >0 in section two. The

complete time can then be assessed as follows:

(a) The time for the program corresponding to section 1 can be assessed. This is multiplied

by 18,

(b) The time for each of the three branches can be calculated. The 12 microseconds for an
unsuccessful test instruction should be included where appropriate. The times for the

three branches are multiplied by 8, 7 and 3 respectively.
(c) Thetime for the program corresponding tosection 3 isassessed. This is multiplied by 18.

(d) The time for the program corresponding to section 4 is assessed and is multiplied by 10

because the loop is obeyed 10 times. This time is then multiplied by 18.
(e) All the times are summed.

It is not always possible to give an exact time for a piece of program. The program paths
followed may depend on the data values and the calculation may contain instructions such as multi-
plication or drum transfers which donot take a fixed time. In suchcasesaverage and/or maximum
times should be estimated. For ageneral purpose routine the average and maximum timings should
be quoted. Whena program istobe time-sharedwitha printor punchprogram the maximum timings
should be calculated since itis necessary that inall cases the program shouldbe withinthe permitted

time available.

For a general purpose routine, it is often helpful to expressthe timingas a formula when exact
times cannot be given. The variables in theformula may be dependent on the data or on parameters
which are given to the routine. For example, the timing for a division routine might depend on the
number of decimal places requiredin the result. This mighthe givento the routine as a parameter.
A typical example of timings given by formulae are those for the sorting routines. These are
expressed in terms of two variables, the number of words in a record and the number of records

to be sorted.

When timing a large program it is not normally necessary to consider the time for each
instruction. The operational speed is normally governed by the peripheral units and a time assess-
ment can be made by considering the speed at which these will be working. Alternatively a time

can be obtained by timing the program on the computer for a small amount of data.

DOCUMENTATION 4.11

It is essential that, once a program has been written and tested, it is preserved not merely as
a pack of cards but as a completely documented piece of work., The documentation should be such
thatit contains complete instructionsfor using the routine. Sufficient information should be included
for a different programmer to be able to understand the program if it becomes necessary to amend

it at a later date. The documentation should include the following details where appropriate:
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Specification - A short description giving details of what the routine does and how to use it. In

the case of a general purpose subroutine, this should conform to the standard layout.
Description - Any further description not included in the specifieation.

Flowcharts - Complete flowcharts using standard symbols. For large jobs these should be cross

-referenced with the program sheets.

Input and Output Layouts - Planning charts showing the input and output card layouts and the
printed output layout.

Storage Charts - Charts showing the I.A.S. and drum storage allocation.

Program Sheets - Program sheets for the entire program complete with narrative. Program

sheets for the test program should also be included.

Program Cards - Complete pack of program cards correctly numbered for Initial Orders

sequence check.
Test Data and Test Program - Cards for test program and data.
Operating Instructions - Complete instructions including action on error stops.

Sample Print- and Punch-outs - Sample results for the program when run with the test program.

AN EXAMPLE OF A CODED PROGRAM 4.12

Introduction 4.12.1

The accompanying program is an example of a weekly P.A.Y.E. calculation and should be regarded
purely as a specimen piece of program and not as the standard method of P.A.Y.E. calculation
which will normally be used. For the sake of simplicity, no subroutines or modification techniques
have been used; therefore, this program requires considerably more than the minimum possible
number of instructions. The program is only intended to demonstrate the use of the functions and

indicators described earlier in this manual.

The following is a summary of the calculations involved.

Factors Maximum Value 4.12.2
Week No. 52

Week 1 designation (1 = Week 1 case; 0 = normal)

Number of holiday weeks 9

Week 1 Free Pay g 089.19. 0.

Gross Wage Brought Forward £9,999. 19. 11.

Gross Wage this week £ 99.19, 11,

Tax brought forward £ 999.19. 0.

Total Deductions £ 99.19. 11.

3165(2.64) Part 4 43




Results Maximum Value 4.12.3

Gross Wage carried forward £9,999. 19. 11

Tax carried forward £ 999.19. 0

Tax this week £ 99.19. 0

Tax Deduction/Refund designation (1 = Refund, 0 = Deduction)

Net Wage £ 99.19.11.

Calculations 4.12.4

(a) Gross Wage + Gross brought forward = Gross carried forward.

(b) Calculation of Tax carried forward as follows:-
If Week 1 case:- 1 +number of holiday weeks = 'Tax Week Number'.
1f notWeek1 case:- Week No. + number of holiday weeks = 'Tax Week No.' SetIndicator 10.
Week 1 Free Pay x '"Tax Week Number' = Tax Free pay to date.
If Week 1 case:- Gross Wage - Tax free pay to date = Net Taxable Income.
If not Week 1 case:- Gross carried forward - Tax free pay to date = Net Taxable Income.
From Net Taxable Income calculate Tax to date carriedforward (for explanation of P.A.Y E.

calculation, see section 4.12.5).
(c) Tax carried forward - Tax brought forward = Tax this week (Deducted or Refund).

(d) Gross Wage T Tax this week - Total Deduction = Net Wage.

P.A.Y.E. Calculation 4.12.5

The method of deriving Tax carried forwardfollowing the calculation of the Net Taxable Income
is explainedin detail below. For the sake of simplicity the 'Tax Week Number' of Section 4.12.4 will
be referred toas week number, and in all references to tax it shouldbe noted that this will actually
be 'tax this week' in the case of employees being taxed on a Week 1 basis, and 'tax carried forward'

in all other cases. Net Taxable Income is abbreviated to N.T.I.
Certain assumptions are made regarding Earned Income Allowance, rates of taxetc., as follows:-

Earned Income Allowance is assumed to be at the rate of 3ths of the N.T.I., andin the specimen
program it isassumedthat no employee has a N.T.I. of over £4, 005 so thatit is unnecessary to allow
for the reduction of the Earned Income Allowance to ith of the N.T.L whenthe latter exceeds £4, 005,

Over the whole year, it is assumed that, after deduction of Earned Income Allowance, the first
£60 of the N.T.L is taxed at 1/9d in the £, the next £150 at 4/3d in the £, the next £150 at 6/3d
in the €, and the remainder at 7/9d in the £. At any given week, the £60 and the two £150 ranges
will be the proportionate amounts up to and including that week, so that, at any week x, the ranges

will be:-

£260x § £150x 5 £150x
52 52 52
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The following is a summary of the sequence of operations involved in the P.A.Y.E. calculation

in the specimen program:-

(a) If the N,T.I. is negative or zero, the computer is programmed to ignore the whole of the

tax calculation so that the result will be zero.
If the N,T.I. is positive, then:-

(b) Tax payable at1/9din the £ iscalculated by multiplying the whole of the N.T.I. by 0.06808,
which is derived as follows:-
1§

7
— x— = 0.06806 approximately.
20 9 . v

Thus the }ths Earned Income Allowance is automatically taken into account.

(c) The £60 range factor is deducted from the N, T.I. This is calculated as follows:
at Week 1 the amount to be deducted will be
£60 9

X~ = £1-9-8.044 approximately.
59 "7 9]8) y

The reason for increasing the proportionate £60 range, i.e. 2 by }ths is thefactthat
Zths Earned Income Allowance has not been deducted from the N.T.I. and therefore the
factor deducted must be increased proportionately while the tax-rate decimal (e.g. 0.06806
in (b) above) is correspondingly reduced by multiplying by 1 Therefore, at Week x, the
factor to be deducted from the N.T.L is found by multiplying £1-9-8.044 by the Week

Number Xx.

(d) Following subtraction of the appropriate £60 range factor, the computer tests whether or
not the result is nfégative; if it is negative, no tax is due at the higher rates and there is an
automatic jump to the end of the tax calculations. If the result is positive (or zero), the
remainder of the N.T.I. is taxed at a further 2/6d in the £ by multiplying by .09722, which

is derived as follows:-

2% 7
— x— = 0.09722 approximately.
20 <9 pp y

Again the ths Earned Income Allowance is automatically allowed for, and the resulting
amount of tax is added on to the tax calculated in (b) above.

(e) The first £150 range factor is deducted from the N.T.I. This is calculated in a similar

manner to the £60 range factor in (c) above, the amount at Week 1 being:-

£150
52

x; = £3-14-2,11 approximately.

This will be multiplied by the Week Number to give the appropriate factor to be deducted at

the given week.
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()

(g

(h)

(i)

Timing

Following subtraction of the first £150 range factor from the N.T.I. the computer goes into
the same routine as that described in(d)at a further 2/-in the £ by multiplying by 0.07778,

which is derived as follows:-

2 7
e x—é- = 0.07778 approximately.

The second £150 range factor is then deducted from the N,T.I., the amount being the same

as in (e) on the previous page.

Following subtraction of the second £150 range factor from the N.T.I. the computer goés
into the same routine as in (d) above, except that the remainder of the N,T.I. if any, is now

taxed at a further 1/6d in the £ by multiplying by 0.05833, which is derived as follows:-

w
~

| =3

= 0.05833 approximately.

Mll—*
o | -

In effect, therefore, the remainder of the N.T.I., if any, has been taxed at 7/9d in the €,
being taxed at 1/9din the £ in (b) above; a further 2/6din the £ in (d); afurther 2/-in (f),
and a further 1/6d in (h).

The application tothe N.T.I. of the various taxrates has now been completed, the resulting
amount of tax representing the Tax to date carriedforwardin normalcases, i.e. those being
taxed on an accumulative basis, and Tax this week in the case of employeesbeing taxed on
a Week 1basis. Therefore, the computer now tests whether or not indicator 10 is set; if
it is unset, indicatinga Week 1 case, Tax broughtforwardis added to Tax this week to give
Tax carried forward for all cases, Week 1 or normal, and Tax this week can then be

calculated (see Section 4.12.4).

4.12.6

The total time required for the program willbe very variable, depending on the size of the Net

Taxable Income, the minimum being the case where the Net Taxable Income is zero or negative,

in which case the computer skips over instructions 11-37 inclusive (see Figure 46), and the time

required will be about 1 millisecond. On the other hand, whenthe Net Taxable Income is sufficiently

large for tax to be paid at the highest rate, i.e. 7/9d in the £, the time required will be about

6 milliseconds.
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Unset Indicator 10

#1 Week 1 Case =1 (Week 1 case)

\ Designation? /

Week No. into
Register B
Set Indicator 10

1" in
Register B

3165(2.64)

v

Add Number of holiday weeks
(if any) to give 'Tax Week No.'
Calculate Gross carried forward
and store in 0/20 for Read Out

Indicator 10?

Not set (Week 1 case)

:

Replace Gross carried
forward in Register B
with Gross Wage

Calculate Free Pay to Date and
subtract from Gross carried forward
(Week 1 = Gross Wage) to give
Net Taxable Income N.T.I.

@ (page 48)

Figure 45: FLOWCHART OF P.A.Y.E. PROGRAM
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No (> 0)

{ N.T.LEL 0?7 =

Yes (L0)

v

Round down N.T.I. by 5/-, 10/-or
£1 as per Tax Tables. Calculate
Tax at 1/9 per £ on whole of N.T.I.
and store in 3/1. Subtract £60

Week Factor from N.T.I.

Balance

R S

Zeroize N.T.I.

<0?

Calculate Tax at further 2/6 per

£ on Balance of N.T.I and store in

3/1. Subtract first £150 Week
Factor from N.T.I.

Balance

<07?

Calculate Tax at further 2/- per
£ on Balance of N.T.I and store
in 3/1. Subtract second €150 Week

Factor from N.T.L

Balance

<0?

Calculate Tax at further 1/6 per
£ onBalance of N.T.I., to give Tax
carried forward in 3/1 (if Week 1.

Tax this week).

48

Yes ( < 0)
o
Yes (< 0) "
Yes (<0) -
=

Figure 45: continued
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No

Not set (Week 1 case)

Indicator 10? |}

Set

<%

Add Tax b/f to Tax
this Week to give Tax
¢/f for all Cases

y

Subtract Tax b/f from
Tax ¢/f to give Tax
this Week (+ or -)

/ Negative ? \

Y

Transfer to 2/20 to
Store for Output

Yes

\ (Refund) /

Y

Clear Subtract from
2/20 to turn True, and
add Refund Des. into
2/20 for Output

.

3165(2.64)

y

From Total Deductions,
Tax this Week, and Gross
Wage, calculate Net Wage and
store in 3/20 for Output

Figure 45: continued
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I.C.T COMPUTERS

1300 JOB BLOCK Ne /O
P:gg:zM RA.Y.E. (Weekly) SHEET No | /4t
SHEET PROGRAMMER :- / /
| D F A R NARRATIVE
L[ Y
g |28 B | T |Eemmthet vidieatie tisunset,
60 / g Test i Wk. /des. (Dor/ in Kegister &)
;  |#|e2|__3___| B | |4 heek /cose jumpte word3 _____
&0 o) /8 I ot blk. / case basic Week No.inio kg6
2 |Ble| 0 | z| |Hnof Keek /cose set indicator o
4| oo 3 B Jump % word 3
3 | 42| 2 _|m| |FEkrugger ey Mo Rt
2| o / Store on O/
4 |12 .o |z | |SetDecimal Bint Register=0
221 7 & Set Sterling Register = 7
Week No. X Weekl Free Fay
s |79 -3 __|B| |=szExfreepayrcere T ______
&2 i / Store on 1f]
6 |-ABL|- |8 | | Gress broughtforwacd ih Registerd
72 5 8 Add Gross This week fo give Gross Sif
7 |-|%2|..@9__|2¢| |Stereon 0f20foroutput
&| 10 q =4 {f not bleek 1 case_jumps word §
s | 1=| 5 |m| |Gl e
&| 00 q 8 Sump 73 word 9
Subtract Free Fay 7o Dale Yo grve Net
g |-{73|- L. Toxable focomé (W) __ " _______
4l o2 I B HENT = 0 jump /5 word lf
PR 0 I S 7’,’5—,’5?—53‘1 B i
4/ 00| 38 |B A
o b-|ARl_2 | 1| | Stere T Gureunded)on 2t
35 2 3 Mask 75 extract unit shillirgs and "nce
2 |--1EBL 0 43| | Sublract S from onit shillrigs and Race
37| 2 / Net 7exable le Register B
P 4 B el } _Eliminale unit shilings _________
22 2 — ok "oenf‘;?/fb S and Lence < 8/ jump
e e [
72| o | gk 5 T il sl e s

Figure 46: MAIN PROGRAM
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1.C.T COMPUTERS

1300 108 BLOCK No. [fO
£ pae finctty s
SHEET PROGRAMMER - / i
C | D F A R NARRATIVE
7 s || AR 2| | | MT troasferred back B 2/t
37 (o) / "Tax Week No!inTs Kegister 8
6 |12 | T | BB B fo05 and /05 £ pasition |
73 2 { Sublract N7. from /0 x Woek Numben
oo lE |2 || | aTin Resters
4loz| 19 B W NT- < 10 x heek No,_jump 75 word 19
i I R xR } A W 2= fox Week Mo, elipinate_yait
54 & - .if;/ﬂ/:ys oc:‘:;dpeace’ 7o complete rof-
OO I 7 S U O P20 2 7
37 o { Tax Week No.'inte Register B
30 |8 L 48] | Bleek e nit ooy peailionin Kyl
73 ! Bublvact N.T- from /6 X bieck No.
9, | Elez || | Azt kesten s
&4 02 23 [=3 IENT. < /8 5 Week No.sump 7o word 23
S 4 I } HNT 3 1o x beck No. eliminatet]__
54 & - Shillings 76 complete £/ round down
2z |-{42|.2__ |l ]| | M Crounddemn) o2t _______
37 5 13 06806 (7 /7 rate deci/mal)inls Keg- 8
N o RS || | Set Pecimat Point Register =5
29 2 [ :/_;:gf %{-" :/\; 7;: ’:’/’5‘9 rate decimel
26 || %2|__3__| 1| | Trensfer 7ax@ tfo nate 783/
37 0 ! Tax Meek No.' into Kegister 8
heek No. X Week ( Frctor
26 |-17A|__3 _|3 = Current week factor (€60 range)
75 2 1 Subtract £60 factor fom N7
" a4 28 .28 |8 M NT. < £L0 factor jump Yo word 38
37 4 /13 09722 (2/6 pate dec.) inle Reoister B
Set Decimal Foin? Register =5
2g || B|-_B__)__| |Bemanderof N7 xz[s ate deci = TEx af.
79 2 ! Further 2/6 per £
N A e P
37 o ! "Tox ek No.' into Register B
Figure 46: continued
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1.C.T COMPUTERS

1300 108 BLOCK No. /O
P:gi‘;’:zﬂ PAYE. (Neek/"’) SHEET No 3 /4
SHEET PROGRAMMER :- / /

C 1 D] F A R NARRATIVE
Ik No. x Week ! Factor
121 30 |-|70| A 1B |z cuwrest week factor (150 range)
75 Z / Sublract £1s0factor ffrom remander of N.T.
ff remainden of N.T. < f/SO-%cﬁr-/
3 |#|ce3|-28__|&| |mmerredzx T
37 7 /3 07778 (2/- ratedec.) intfo Register 8
I -7 O il Set Decimal Foint Kegrater=5_
32 Kemainder of #.7° X 2/- rafe dec.
79 4 / = Tax at further 2/- pen £.
B3| gz | |7#| 3 || |AdpmTExmsy
37 o / Tox Week No- info Register 8
/ Week No. X Week ! Factor |
34 |47\ A | B |z curcent week factor (second £150 ran]
2 / gubf‘mc‘f Second £150 facfor from
75 remainder of N.77
I remainder of N.7. < Secand £/S0 factor
35 |4|93|..38__| B | |sume P werd3zs
37| 8 13 05833 (If6 rate decimal) infs Register £
1443 24 |- 2l|_5 el St Decimal Fsint ;@;isfen =5 _
Kemainden of NT-X 1/t rate dec.
79 2 / = Tox at Lurtber i1/t pern £
37 |- L. - T . Add on o _T7ax m3ft__________
4\ 00| 38 A
Tox cff (Week I case — Tax 74 A,
35 |31 3 || |k e g T
&| 1o 40 X not Heek ! cose jump 7 word 4o
/s 4F Aok [ case Tax bfF added fo
39 || TE|- b __| 18| |Tax this week pives Tax carried Porward
41| 0o 40 8 e 78 word 4o
Tr ‘ed fBrwand
wo ezl i _|zol | EEGELAEA
biraer Tax b AT ard 7o, 9/
73 6 /8 Jax t’;fs' w:;:{‘ (‘E;Z?s ofo:.n.:"n:s) il
TR O 1L 20| | Lnsure that 2/20 szero
4| 03 43 [=3 If lax negalive (refund) fump 76 word 43
% 4z |-|#2|_2 20| |4 tax pesitive transfer 7 220
41 00 by =3 I fax posifive, jump To word4u
72 egatwe sublract £; zZ/2o
o |7 2 |ze| [ETpimgmae seeme e
76 b z20 /I Tax negative add refund ales. 1l 2/20
uu ||| || | Treoster Tax (D) o aft
37| 5 |/8 Gross this week it Register B.
Figure 46: continued
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1.C.T COMPUTERS

SE;GIBES 108 2 & i BLOCK No. /O
?A.Y.E. k
PROGRAM " (wee 7) SHEET No.4 [ &
SHEET PROGRAMMER ;- / /
C | F A R NARRATIVE
7 73 4 / Subtract lax this week
T e R e T bl it
73 7 /8 Subtract otal deductions 16 give nef wage
s || 2R3 |20 | Mt Mhge B Bfeoforoutevt

Figure 46: continued
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I.C.T COMPUTERS

SE‘E:{TES 108 PAY.E (weekly) = ONSTANTS SHDIERENE
PROGRAM SHEET No. 1/1
SHEET PROGRAMMER :- / /
C | D F A R NARRATIVE
/ 8
21 o |Pleoj.eoco | b\
a5 | 0000
, |Pleofoore \ |\ o\ ___
00| 0000
2 |P|loojooco | | | Plesk
015 | 15000
3| 3 |P|oo|oa0r | _-*3_e':_0_'_*ff_".zt’_f*_fi*’r___jI _________
09 | 8044 Week [
4 |Ploo) 0903 | €150 range factor ) Facters
4| 2110
5 |Plool ocoo | | | 47 _per week Tax rate
00 | 6806
gy| & [Almiodoe | (B uel FRo e
00 | 9722
5 |Plea| o000 | | | Z_per week Tax rate
oo | 7778
g |floo| o000 | | | He per week Tax yate
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Part 5

Software
Facilities

THE LC.T. SUBROUTINE LIBRARY 5.1
There is a library of general purpose programs written for the 1300-series computers which

are available from I.C.T.

The majority of these routines are subroutines which can be incorporated into the user's own
program. There are also programs which are complete in themselves and for which theuser need
only supply data. Autocodes, which provide facilities for programs to be written in a simpler
form than machine-coded instructions, are available and are discussed in more detail later. This
part of the manual does not cover every routine in thelibrary but is intended as a guide to the types

of routines available.

Index of Library Routines 5.1.1

An index to the routines available is supplied to 1300-series users, together with Specification
Sheets that contain sufficient information about each routine to enable the user to select an
appropriate routine for his purpose. In some instances a broad class of routines will be the

subject of a general paper explaining the best use of each individual routine within that class.

Each individual routine is classified and numbered. The class letter gives the functional
division, This is followed by a two-digit number allocated to further identify the function of the
routine. The final two-digit number differentiates between routines that have similar functions or

achieve the same result in different ways.

For example, a group of routines for printing control is classified as follows:

Af--/-- Indicates an Input/Cutput routine.

A/02/-- Indicates a print routine,

A/02/06 Prints on one bank only and spaces n lines.
A/02/07 Prints on two banks and spaces n lines.
A/02/08 Prints on three banks and spaces n lines.
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Subroutines 5.1.2

A subroutine is a self-contained section of program which may be used more than once in a
program, or has a general application and can form part of a number of different programs. In
scientific work, for example, the trigonometrical functions sine and cosine, and square roots

are required in many routines.

Once programmed as subroutines, any program can include them. In commercial data
processing, thereis not quite so much scope for generalized subroutines. The P.A.Y.E. calculation

is one example of a standard routine that can be incorporated into a program.

On the 1300-series Computers, division has to be programmed and is written as a subroutine.
Input and output (P.P.F. programs) are also programmed in subroutine form.

The object, therefore, of a subroutine can be either:-

(a) To save storage space by writing a section of program once only and jumping to that

section whenever it is required in the main program, or,

{b) To make programming quicker and easier by incorporating pre-programmed subroutines

when available.

Subroutines are useful inasmuch as they can:

(a) Save storage space

(b) Save programming time

(c) Save testing time, as a library subroutine is well planned and fully tested,

(d) Be used time and again with no further effort.

I.C.T. 1300 - series Library Subroutines 5.1.3

TheI.C.T. 1300-series Subroutines comprise a collection of well tested routines, which cover:-

Input/Output

Magnetic Tape

Commercial (P.A.Y.E. etc.) Routines
Arithmetical (Division ete.) Routines
Mathematical Routines

Utility Routines

Diagnostic Routines.

Library routines should be used whenever possible for they are proved routines planned to
economize in the use of storage space and computer time. By linking them to a main program,
the user will reduce considerably the amount of programming and testing time required to achieve

successful running of the program.
A Library subroutine complies with a standard format sothat a complete subroutine comprises:

Specification Sheet Flowchart

Program Sheets Program Card Pack.

2 Part 5 3165(2.64)




Specification Sheets

The following information is shown as fully as possible on all subroutine specification sheets:-

(a)

(b)

(c)

@

(e)

(f)

(e)

(h)

Entry Points

The entry point or points are stated. If more thanone, the distinction betweenthemis stated.
Entry Conditions

Locations of variables and parameters assumed by the subroutine on entry are given; also
details of the required indicators, and their state.

Results

Results produced by the subroutine together with locations occupied are given.

Storage

The number of words required for the storage of the program and constants is given.
Under the heading of temporary storage is shown the number of words used as working
space and whose original content is immaterial.

Time

If possible, either exact timings are given or else formulae from which processing time
can be calculated.

Limitations

Any limitations in the size of factors and accuracy of results are given.

Error Conditions

A brief account of tests made by the subroutine for any error conditions, together with
the action taken if such errors are detected, is given.

Notes

Any other necessary information about the subroutines, not given in other sections, is

included here.

Flowcharts and Program Sheets

The specification sheet should normally contain sufficient information for the user to be able

to incorporate the subroutine into his program. If, however, further knowledge of the subroutine

is required thenflowcharts and program sheets can usually be obtained. Some programming points

relevant to subroutines are considered below.

Entry to and Exit from Main Program

The instruction to jump from the main program to the first instruction of a subroutineis a

normal jump instruction.

For example, either

C | D| F A R C I Dl F A R

oo 0000
70 —-4— _—— e _’_7_ or 21 ) TESUESEII N

4| 00 0000 17

would effect a jump from the main program to the first instruction of a subroutine inI.A.S.location
0 of block 17.
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The subroutine is so written that, when it has been completed, it automatically restores

control to the instruction in the main program immediately following the jump to the subroutine.

Storage and Relativizers
Storage addresses written relative to the first location of a subroutine will use block
relativizer B. Temporary storage will use relativizer 1. If other relativizers are needed by the

subroutine (e.g. for a block of data), relativizers 3 to 9 will be used.

Indicators
Unless specified as an entry condition, library subroutines make no assumptions about the
state of indicators on entry to the subroutines, and users of subroutines should make no assumptions

about the states of indicators used by subroutines when re-entering the main program.
Programmed indicators employed by subroutines will be used in the reverse order19, 18, 17....

Library subroutines will not test the I.A.S. parity indicator unless this is stated on the speci-

fication sheet.

It is important to note that Library subroutines can be assumedto be resetting unless a definite

statement to the contrary appears on the specification sheet.

AUTOCODES 5.2

An autocode enables a programmer to write a program in a symbolic language which uses
alphabetic names and characters instead of numeric references. In some autocodes this use of
alphabetic names enables the program to be written in comprehensible English. A special program
is thenemployed to translate or interpret the autocode language program into machine coding before

it is obeyed by the computer. Thus the autocdoe method of programming is designed to:

(a) enable programs to be written in less time,

(b) reduce the amount of writing (and similar clerical work), and therefore the chance of
error with a consequent reduction in testing time,

(c) simplify program maintenance,

(d) make computer procedure comprehensible to people not trained in the machine code and
to enable these people to prepare programs with the minimum amount of training,

(e) standardize coding tactics and therefore permit the exchange of ideas and programs among

computer users.

When writing a program in autocode, the programmer does not have the same control over the
instructions or positions of storage as when writing a machine-coded program. Consequently the
programmer cannot adapt the program to suit his own requirements ideally. Thus a program
written in autocode is not usually quite as efficient in time or storage as a program written in
machine code. This disadvantage of autocode program efficiency is usually more than offset by

the advantages listed above.
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Initially, a source program is written in the autocode, which is a restricted form of language
conforming to certain defined rules. The source program must then betransformedinto a machine
-coded program: this machine-coded program is termed the object program. The transformation

is done by the computer under the direction of a processor program.

The processor program may be either aninterpreter or a translator. A translator transforms
the entire source program into the machine-language object program; the resultant object
program is then stored in its entirety and is either output in the form of punched cards or obeyed

immediately.

If the object program is obeyed immediately the complete translation of the source program is
achieved, then the system is known as a load-and-go system. The term load-and-go is derived
from the fact that the complete process of translation and execution of the translated program is

achieved in a single run on the computer.

An interpreter transforms the source program into machine-coded instructions and each
machine-coded instruction is obeyed immediately it has been created. Thus no complete object

program is produced and is therefore not available as output.

The programming language may be a machine-oriented language or a procedure-oriented

language.

A processor for a machine-oriented language is termed an assembly system or assembler.
A machine-oriented language is devised for a particular type of computer and consists of a code whichis
easier to learn than machine code. Programs can also be written more quickly using an assembly
language than using machine code. There is, however, a direct connection between the two,and cne
source program instruction often results in one machine-coded instruction in the object program.

Anexception to this arises for input and output whichis concisely achieved using an assembly system.

A processor for a procedure-oriented language is termed a compiler. A procedure-oriented
language is not necessarily devised for a particular computer. The same language may be used
for several different types of computer, each computer having its own compiler for converting the
source program intothe appropriate machine-coded program. The source program for a compiler
resembles a restricted form of language which conforms to the rules laid down for the autocode.
A compiler is more powerful than an assembler and one statementin a procedure-oriented language

usually results in several machine-coded instructions in the object program.

Further, an assembly system or compiler will be oriented towards the application to which
the source programs refer. For example, Rapidwrite is a commercially-oriented language and

MAC (Manchester AutoCode) is a scientifically and mathematically-oriented language.

There are at present four autocodes recommended for use on I.C.T. 1300-series Computers.

They are

TAS (Thirteen-hundred Assembly System) Rapidwrite
MPL  (Mnemonic Programming Language) MAC (Manchester AutoCode)
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Brief introductory details of these four autocodes are given in the following paragraphs and a

reference can be made to the appropriate manuals, which give full details.

The use of these autocodes is dependent upon certain minimum machine requirements (such
as the size of I.A.S. and magnetic drums ete.). Thus several variations of each processor may
exist. The specification sheets for the I.C.T. Subroutine Library Routines give full details of

machine requirements and storage.

Rapidwrite 5.2.1
Rapidwriteisa commercially-oriented autocode. The source programis converted to machine

code by a translator/compiler program.

Initially, a source program is prepared using specially designed pre-printed forms and dual
-purpose cards. The latter enable the program to be built up on the lines of a flowchart with
moveable blocks. The fixed format of the dual-purpose cards and the forms reduces the amount
of writing and punching and, in consequence, errors resulting from these operations are also
reduced. The source program is read into the computer and a preliminary routine produces a full
descriptive print-out of the program in English. When the program has been corrected by using
this routine, it is again read into the computer and the object program is compiled. The object
program will be both punched and printed. The print-out of the object program will contain a
reference to the print-out obtained from the preliminary routine. The object program will be

ready for testing after insertion of any required subroutines and the addition of a standard program.

A Rapidwrite source program is written in three clearly defined divisions: Environment,

Procedure and Data divisions.

The Environment division, which is filled in on a pre-printed form, deals with the specification
of the computer andincludes such data as the size of I.A.S. anddrum storage and console indicators

which are to be used.

The Procedure division deals with instructions handling the processing of the problem and is
written onspecial dual-purpose cards and one card is allocated for each instruction such as READ,

WRITE, COMPUTE, IF or GO.

The Data division which deals with the organization of data is written on special forms. Data
names not exceeding five characters in length are used and if required these can be translated into
full data names, up to 30 characters in length, by supplying the processor with a list showing the
full names against their abbreviations. The data form when complete will contain all the relevant
information on the input and output files required by the processor for the storage of data, the

kind of information held in a field and the allocation of working storage.

TAS 5.2.2
TAS (_Ihirteen—hundred Assembly §ystem) is a commercially-oriented autocode and is provided

as an intermediatelanguage which lies between machine language and a full autocode language such
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as Rapidwrite. Thus, a programmer writing in TAS will require a greater knowledge of the
machine code than one using Rapidwrite. The source program is converted to machine code by a
translator/assembler program. Each TAS instruction generates an arerage of four machine code
instructions and thus writing time is considerably reduced. TAS is ideal in cases where programs

are needed urgently or for small programs e.g. those requiring less than two weeks machine coding.

The source program is written in TAS language on special stationery from which one card is
hand punched for each line of entry. These cards are then fed to the computer and the object
program is produced on fast-read program cards in one run. A print-out of the source program

and other print-outs to aid the programmer can also be produced.

To write a TAS program, it is necessary to:

(a) Specify tables for storage on the drum.

(b)  Describe each Input card.

(c) Describe each Output line.

(d) Describe each Qutput card.

(e) Write the procedure program from a selection of functions with the facility of adding

subroutines and machine-coded instructions.

Dataread from a card or printed on aline are referenced in the program as a field name, the name
being introduced when the programmer describes each card or line of print. Data of a bulky or

lengthy nature are best handled in the form of tables which are stored on the drum.

There is an assembler available which allows the programmer to use magnetic-tape storage
and special instructions are included in the autocode for controlling the reading and writing of tape.
Facilities are provided for the programmer to specify his own tape records, each record being

described as a series of field names.

MPL 5.2.3

MPL (_N_Inemonic Programming Language) is a commercially-oriented language specially
designed for users with a small machine configuration which does not permit the use of TAS or
Rapidwrite etc. MPL may be used on a machine with the basic configuration of 400 words 1.A.S.
and a 3,000 word drum. The MPL processor may be used as a load-and-go assembler or may

punch out the object program, the appropriate mode of operation being selected by means of a switch.

The source program is written in the MPL language which has a one-character function code
and five-character operand. Most MPL instructions result in a corresponding machine-code
instruction being generated i.e.on a one-for-one basis. The main exceptionsto this are the power-

ful input/output and division macro-instructions.

When the object program has been created, it is stored automatically by the assembler. When
the object program has been stored, the assembly program is overwritten by a standard control
program pack which contains an input/output package. This package may incorporate either a

P.P.F. control routine or a routine for serial batch processing.
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When the standard control program pack has been read in, it is possible to run the program,
for it is not necessary to punch out the object program before testing takes place. When the object

program has been satisfactorily tested, a proved object program may be punched on cards.

MAC 5.2.4
MAC (Manchester AutoCode) is a mathematically and scientifically-oriented autocode and has

been designed for programs which comprise the solution of mathematical equations or formulae.

The MAC compiler operates on the load-and-go principle only. Thus the object program is
compiled each time a job is run. This is not however significant since the time taken to compile
the object program is small. Further, since the problems for which MAC is used are of a mathe-
matical nature, the object program is not normally run at regular intervals as is a commercial

program.

A MAC source program comprises autocode instructions and directives. Usually a MAC
instruction will result in several machine-coded instructions being produced: these instructions

forming the object program.

Directives transmit information to the translator for allocation of storage and do not form part

of the object program.

The translator converts MAC instructions in the source program to machine-coded instructions
which will produce for example, the procedure to solve an equation. A trigonometrical or logarithmic

function may be initiated in MAC using a single instruction.

P.P.F. PROGRAMS AND INPUT/OUTPUT ROUTINES 5.3
P.P.F. Programs 5.3.1

It is usual for the computer to process jobs that involve the use of the card reader and punch
and the printer. In general, one card being read will not result in one card being punched or one
line being printed. Assume, for a practical example, that the duty cycle consists of five cards read,

one card punched and six lines printed. This task could be tackled serially, as follows:-

Program to read five cards
Program to process data
Program to punch one card

Program to print six lines.

Ona machine with a600 cards a minute reader, 100 cards a minute punch and 600 lines a minute
printer the time taken to read five cards is 500 milliseconds; the time taken to punch one card is
600 milliseconds and the time taken to print six lines is 600 milliseconds. Consequently, the input/
output share of the duty cycle takes 1.7 seconds. If the three input/output programs were
integrated into one program, so that the time taken was the time of the longest operation, i.e. 600

milliseconds, fargreater efficiency would result and the task would be tackled in parallel as follows:-
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Program to read five cards punch one card and print six lines

Program to process data.

The punchand the printer are, of course, operating onoutput data fromthe previous processing.
The peripheral units are cyclic in operation in that, having produced or accepted one unit of
information, they will not produce or require another unit of the informationuntil a set time interval
has elapsed. The program dealing withthisunit of information may not take as long as this interval

and there may be spare time that can be used by the other units.

Therefore, integration is possible without taking any additional time over that taken for the

longest single operation.

Print, Punch and Feed (P.P.F.) programs are written as three separate programs - a card
reader program, a card punch program and a line print program linked together by means of a
control routine which ensures that the priority of the different programs is in accordance with the
requirements of the input/output units. With a P.P.F, in operation there is no further spare time

in which to process data, so that duty cycle is:-
P.P.F, - Process.

The main program sets certain keys before entering a P.P.F. These keys instruct the P.P.F.
as to how many cards are to be read and punched and how many lines are to be printed. These
keys are not necessarily constant and may vary throughout a program to permit, for example, the
number of lines of print produced to be different each time the P.P.F.is entered. Several compre-

hensive P.P.F. programs are available from the I.C.T.Subroutine Library..

As card readers and line printers with differing speeds are available, the most efficient duty
cycle and the timings will be different for different machines. The example given above applies to
amachine with a600 cards a minute reader and 600 lines a minute printer. For a 300 cards a minute

reader and 300 lines a minute printer, the variables could be as follows:-

Duty cycle:- 3 cards read Time to read 3 cards is 600 ms
1 card punched Time to punch 1 card is 600 ms

3 lines printed Time to print 3 lines is 600 ms.

Thus the input/output share of the duty cycles is 1.8 seconds but using P.P.F. the time taken

will be 600 milliseconds.

Input/Output Routines 5.3.2
Besides the P.P.F.routines, there are also Library routines available for the individual control of
each peripheral unit. Some of these provide an exit from the subroutine to enable the programmer

to time-share some of his main program with the peripheral unit program.
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General routines are also available which distribute data into the format required by the output
routines, or alternatively distribute information read by an input routine into a form suitable for
processing. The positions of the data fields for processing are communicated to the distribution

routine by keys which are set by the main programmer.

MAGNETIC-TAPE CONTROL AND UTILITY ROUTINES 5.4
Tape Layout 5.4.1

The layout and organization of data on magnetic tape should conform to an I.C.T. standard
format. Essentially, data are recorded on tape in blocks and the length of a block is defined by an
end of block marker; see 3.8.1. Data within blocks can be grouped into fixed- or variable-length
records. It is the programmer's responsibility to arrange data into conveniently sized records

and blocks.
There are three main considerations in tape layout:

(a) Tape Labels
(b) Block Layout
(c) Record Layout.

Tape Labels
Two identification labels must be written to tape; these are the beginning of tape label and the

end of tape label.

The beginning of tape label precedes the first data block. This label contains information by
which the reel can be identified, topgether with a date at which the tape can be overwritten and a
count of the number of times the tape has been written. The standard format for the beginning of

tape label is described in the Tape Housekeeping Manual,

The use of beginning of tape labels ensures that the correcttapes have been fitted and prevents

master information being overwritten if a wrong tape is loaded.

The end of tape label must appear at the end of every tape reel. For a single reel file the end
of tape label is an end of file label. However, if a file comprises several reels, all but the final
reel must bear an end of reel label. The end of tape label contains a count of the number of blocks
in the reel. The standard layouts for the end of reel and end of file labels are described in the

Tape Housekeeping Manual.

Other than the beginning of tape label block, all label blocks are short blocks, i.e., blocks of

exactly four words, including the end of block marker.
Block Layout

A block will consist of a number of sorted or unsorted records. Each record is identified by

a key. The first word (word 0) of a block consisting of sorted records must contain the most
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-significant word of the key of the last record in the block (i.e. the highest key). If a block con-

sists of unsorted records, the contents of the first word are immaterial.
Word 0 is followed by the first record in the block.

The last word of the block is the end of block marker i.e. a word of 15s.

Example INTER-BLOCK GAP

Word 0 lst word of key of record number 3
Word 1 007 XXX XXX XXX

: t d
Word 3 Ist word of key tst recox
Word 4 2nd word of key
Word 8 025 XXX XXX XXX
Word 10 Ist word of key dud weeond
Word 11 2nd word of key
Word 33 016 XXX XXX XXX

. 3
Word 35 1st word of key xd record
Word 36 2nd word of key
Word 49 15 15 15 15 15 15 15 15 15 15 15 15

INTER-BLOCK GAP

Record Layout
The three most-significant digits of the first word of each record must contain the number of

words in that record.

The key, identifying the record, may consist of either alphabetic or numeric data. If an
alphanumeric key is required to be used during sorting, then the data must conform to the ZNZNZN
~---ZN format (where Z = Zone and N = Numeric), i.e.the code components for each character
must be adjacent. The key may consist of any number of consecutive words (with the exception
that some routines, sorting for example, limit the number of words in a key) and the first word
of the key may be located anywhere in the record. The position of the first word of the key within
the records of one file must be constant. For example in the illustration above, two words precede
the first word of the key in each record. The number of words preceding the first word of the
key will be a parameter that has to be given to Tape Sorting and other routines. Keywords must

have values in the range of 000 000 000 001 to 499 999 999 999 inclusive.

Tape Housekeeping Routines 5.4.2
I.C.T.provide programs to cover all aspects of reading data from, and writing data to, magnetic
tape. This series of programs is known collectively as Tape Housekeeping Routines. A manual

is available that gives full details of these routines.
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Housekeeping routines are provided to simplify the using of magnetic tape by assuming control
of all reading, writing and associated contingencies. These contingencies include correction of

errors, treatment of end of reel, end of file and beginning of reel conditions.

The routines are usually inthe form of program packages, that is, a number of interdependent

programs controlling all the various aspects of reading or writing tape.
For example a Tape Write Package is a package consisting of programs to facilitate:
Tape Preparation
Write Label Check
Tape Write

Write Exceptions.

Briefly, these programs cover such contingencies as:

(a) checkingthe initial setting-up of the appropriate deck by testing for mechanical readiness,
(b) testing for presence or absence of a writing ring,

(c) the checking and identification of labels,

(d) the writing of tape,

(e) error detection and correction, end of tape condition and short blocks etc.

Packages are available for writing and reading tape and also for controlling both reading and
writing.
A full list of Tape Housekeeping routines available will be found in the Subroutine Library Index

of Specification Sheets.

It should be noted that certain conventions are observed in the writing and subsequent using of
the Housekeeping routines. These conventions are described fully in the Tape Housekeeping

Routines Manual.

Job Set-up

The Job Set-up routine is employed at the commencement of any job using magnetic tapes and
ensures that the correct tapes have heen fitted for the job and that the tape decksare mechanically
ready. The routine will create labels on write tapes, check labels on read tapes, and set up areas
of information on the drum and in I.A.S. without which other Tape Housekeeping routines will not
function correctly. Thus, this routine will ensure that the tape decks are correctly loaded and
ready for a job to be run. On exit from this routine, the tapes are positioned for writing or reading
after the beginning of tape label. If the user program is held on tape this routine will load that

program on the drum.
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Write Program to Tape

A program stored on the drum may be written to tape by using two Subroutine Library routines:
*Write Program to Tape’ and a selected write to tape program. The former routine prepares a
program held in absolute form on the drum for writing to tape and the selected write routine

enables this program to be written to tape.

The Write Program to Tape routine performs no tape operations but prepares the program to

be written to tape from the drum in the following manner:

(a) The spurious end of block markers are removed i.e. any constants consisting of words of
15s which are not intended as end of block markers.

(b) The program is arranged in contiguous locations.

(c) Standard program labels are manufactured.

(d) The program is arranged in blocks of a specified size.

An exit is made to the user's write routine for the writing of each block.

Magnetic-Tape Sorting
Several routines which facilitate the sorting of data on magnetic tape are available from the
Subroutine Library. These routines usually require the use of four or threetape decks or three

tape decks and a magnetic drum.

Merging Using Four Tape Decks

The most fundamental method of sorting is the merge. In this routine records are written
from two input tapes, formed into pairs in sequence and read to two output tapes. This sequence
of operations is known as a pass. On the next pass, the tapes reverse their ralen, that is,the tapes
that were used previously for output are now used for input and vice versa. The pairs of records
are merged to form groups of four and on the next rungroups of eight and so forth, the length of the
group being doubled on each pass. A groupof recordsin sequence of this nature is known as a string.
The merging is continued until all the records form one string. It will require logzN passes,

where Nis the number of recordsto be sorted, the logarithm being taken as the next highest integer.

In order to save computer time, before entering the merge routine, the records are normally
partially ordered (using a special pre-stringing routine) into strings of ordered records. These
strings are each an integral number of blocks. The pre-stringing routine arranges the blocks
from one tape onto twotapes ready for input to the merge routine. The merging sort then requires

logzs passes, where S is the number of strings.

Merging Using Three Tape Decks

A Tape Record Merge using three tape decks operates in basically the same manner as that
required for the four tape deck version. Merging takes place between two input tape decks, the
resultant strings being written on a third tape deck. The next pass reads the strings from the

third tapedeck so that the strings are written alternately to the twotapedecks initially employed
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forinput. Thustwo tapes arepreparedfor a subsequent merge pass. Mergingusing threetape decks

doubles the number of passes required to produce a completely sorted tape by using four tape decks.

This routine should be used in preference to the Three Tape and Drum Sort described below

when large volumes of data are involved.

Sorting Using Three Tape Decks and the Magnetic Drum
If part of the magnetic drum is available for use in the sort, a routine is available so that

sorting may be achieved by the following method.
Initially a batch of records are read from deck address1to the magnetic drum; see Figure 51.

These records are then sorted on the drum and written to tape on deck address 2. On the next
pass a second batchof records areread fromdeck address1to the magnetic drum, sorted internally

and then merged with the records on deck address 2 to deck address 3.

Subsequent merging is from deckaddress 3 to deck address 2, then back again until the whole

of the input file has been sorted.

Deck Deck
Address Address
1 2

Magnetic Drum

V.

B BN First Pass

3
[ >| ] Second Pass

Deck
Address

Figure 51: SORTING USING THREE TAPE DECKS AND THE MAGNETIC DRUM

GENERATOR ROUTINES 5.5
A generator is a routine that, when provided with parameters, creates instructions to form a
routine which the programmer requires. Generators are available for creating input and output

distribution routines and drum sorting routines.
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A generator is provided with keys similar to those provided for a general program. For
example, for an input distribution program, the keys specify the position into which the data fields
are to be distributed. The generator differs from the general routine in that having extracted the
required information from the keys, it does not obey the routine but punches it on cards. The

punched routine can then be included in the main program as a subroutine.

It is likely that, in a given job, the keys for a general routine will be the same every timeit
is used. In this case, it is preferable to use a generator and include the generated program in
the main program rather than the general routine. This will save the computer time used by a

general routine to extract the same information from keys every time the program is run.

DIAGNOSTIC ROUTINES 5.6
A diagnostic routine is a routine which has been designed to locate an error in programming;

i.e. to determine where in a faulty program a program error has occurred.

The testing of a program by using diagnostic routinesis accomplished in what may be considered

as three hasic steps:

(a) Checking the validity of data punched in the program cards.
(b) Checking storage of the program.

(c) Testing the program itself, in sections.

I.C.T. diagnostic routines are available from the Subroutine Library to facilitate the testing of

programs as outlined above.

Validity Check 5.6.1

With the aid of theI.C.T. Validity Check routine, a validity check may be made on the program
pack to ensure that all the instructions in a program conform to the correct layout required for the
machine specification; any instructions which are in error (i.e. they do not conform with the
correct format) are printed out. Enough information is printed out to enable such errors to be
located and corrected. This routine ensures that if errors arise in a program, it is not due to

incorrect program instructions (instructions not in the correect format) being read in.

Proving Storage 5.6.2
A diagnostic routine, called the I.A.S. and Drum Print-out routine is available. This routine
can be used for obtaining a complete print-out of the program as it is stored on the relevant area

of the drum. This diagnostic routine will enable any incorrectly set relativizers to be detected.

Memory Dump 5.6.3
The examination of a program during a test run may be achieved by using the I.C.T.
Memory Dump routine. This diagnostic routine enables the contents of I.A.S. and certain drum

channels to be automatically printed out at specified points in the program.
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The routine is read into the machine with the program under test together with certain

specifications. These specifications will state the following:-

(a) The exact location of points in the program under test at which certain areas of storage

are to be printed out.

(b) Which groups of drum channels are to be printed out. One group of drum channels to be

printed out is specified for each break-in point in the program under test.

Essentially, the Memory Dump routine may be considered as being intwo sections - a prelimin -
ary routine and a print-out routine. Control is initially transferred to the preliminary routine
(by arrangement of card packs) so that this routine, by using the specifications in (a) above, can
substitute into the program under test, instructions to facilitate the entry into the print-out at the
required points. The program under test is then run normally on test data as if the Memory Dump
routine were not present. At the reﬁuired points in the program under test, the substituted
instructions cause entry to the print-out routine and all the contents of I.A.S. are printed out

together with the specified drum channels.
The program under test then resumes control and continues to run in the normal manner.

The print-out will appear in blocks of two hundred words these being fifty lines of four words

to a line, e.g.

370012 450038  006b 450110 030027 0ilb

0610
G011 640097  ST70011 0061 360170 560006  Giil

nofa 450001 030010 Go6a A20409 280021 o112

The above is an example of a segment of such a print-out.

It should be noted that the original state of the program under test is restored when the print
-out routine is entered, thus the instructions referring to the Memory Dump routine are not printed

and no space need be left in I.A.S. for the Memory Dump when writing the program under test.

The Memory Dump routine enables the programmer to determine which sections of program
contain errors. To find the exact point in a program which is in error a Trace routine must be

employed.

Trace Routine 5.6.4

To pin-point an error in a section of a program it is of course possible to step through the
section of program manually on the computer observing the contents of registers etc., but this
involves the cost of much machine time. The same results may be obtained much more efficiently
with the I.C.T. Trace routine. This diagnostic routine is a great aid to the programmer in testing

programs. It produces:

(a) A print-out of the instructions obeyed by the program under test in the order in which

they were obeyed.
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(b) A print-out of other relevant information about the effects produced by these instructions.

The Trace routine is used in much the same way as the Memory Dump routine, the main

differences being in the specifications given with the Trace routine and the information printed out.

The specifications give the start and end points of the sections of the program under test which

it is desired should be traced. @ When the program under test reaches the substituted instructions

to enter the trace (substituted by a preliminary routine as in the Memory Dump) and the trace
print-out is called in, the trace obeys the programunder test one instruction at a time. After each

instruction has been executed the following information is printed out:
{a) The I.A.S. location of the instruction just obeyed.
{b) The instruction just obeyed.
(¢) The contents of Register B.
(d) The contents of the 1.A.S. location specified in the instruction.

(e) The time which the program would have taken to reach this point.
An example of a segment of a trace print-out shown below.

Contents of

ILA.S. s—— Contents of Time
Location of Desi . . & s I.A.S. referred Accumulated
p——— esignation{Function/Address after obeying to after obevin £

ying so far
current ; 3 .
obeyed ; p current instruction | (Microseconds)
instruction
0001 0 67 0019 000000000101 000000000001 ARG
4 02 0001 000000000101

0001 0 67 0019 00000C000101 000000000000 412
4 oz 0001 000000000101

0002 0] =W Q011 Q00000000000 c00000000000 453
0 42 0001 000000000000 000000000000 474

0003 0 37 0002 570011420001 570011420001 507
0 36 0003 770013760003 770013760003 528

0004 0 62 00053 540027520006 770013760003 561
0 40 0004 540027520006 000000000000 582

0005 4 00 0004 540027520006

0004 0 00 0000 540027520006 000000000000 606
0] 00 0000 540027520006 000000000000 618

0005 4 00 0004 540027520006

0004 0 00 0000 540027520006 000000000000 642
0 00 0000 540027520006 000000000000 654

The information displayed in the print-out should allow program errors to be easily located.

Other trace routines with special characteristics are available, which may beused in preference
to the full I.C.T. Trace routine.

If full details provided by the I.C.T. Trace routine are not required, the Indicator Trace

routine might be used. This routine operates under the control of a manual indicator and prints
either as the full trace or else suppresses printing on all except jump instructions (i.e. successful

indicator tesis).
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The I.C.T. Trace routine slows down the rate at which instructions in the program under test
are executed, Thus the I.C.T. Trace routine cannot be run on sections of a program which contain
input, output or magnetic-tape operations. If the programuses standard proven library subroutines,

there is no need to waste time tracing them.

The Trace routine can therefore be obtained in such a form that subroutines which are not

required to be traced can be automatically avoided.

A

Program Updating Routine 5.6.5
Having traced an error in the tesiing of a program, it then becomes necessary to rectify the

programming error.

The amendment of the program by means of the insertion or deletion of words, besides creating
the problem of re-allocation of storage, causes other difficulties. Jumping over an unwanted
portion of program is wasteful of storage and untidy. Jumping out to previously unused storage
locations in order to effect insertions can cause great confusion as the number and complexity of
amendments increases. The actual deletion of a section of program or insertion of a group of
words, besides making a rewriting of the particular block of program necessary, invalidates
addresses elsewhere in the program. These addresses could be located and converted but the

labour involved could be immense.

The I.C.T. Program Undating routine is designed to reduce this labour. If amendments have
been made by inserting or deleting words throughout the program card pack and resetting the
relativizer settings to the re-allocated storage locations, then the program pack can be fed as data

cards to the Program Updating routine.

The Program Updating routine pack, together with specifications indicatingthe size and location
of deletions and insertions which have already been made to the program under test is read into the
machine. The program under test is thenplaced in the cardread hopper and is read and processed
by the Program Updating routine. Depending on the setting of manual indicators, the routine
produces a printed and/or punched version of the program under test in which all addresses
made invalid by the insertions or deletions have been corrected. The printed output is in the
format of a normal program giving the absolute-address form of the program alongside the

relative-address form.

UTILITY ROUTINES L

Routines are available that do not belong to any particular category but have such general
applications that they may be included in almost any type of program. These Utility routines
cover such programs as division routines, sorting routines and routines for detecting parity errors

and taking appropriate action.
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Division Routines 5.7.]
Division is not built into the hardware of the computer but is accomplished in subroutines by
repeated subtraction. Routines are available which cover both decimal and sterling division for

positive and negative numbers.

Parity Error Routines 5.7.2

Various routines are available for testing the drum and I.A.S. parity indicators after a drum
transier has been obeyed. The programming implications of parity errors are described in 4.8.
It should be noted that:

(a) An I.A.S. parity check is made when data are transferred from I.A.S. Hence an I A.S,
parity error can only be detected when the transfer is from I.A.S. to the drum. If the
ILA.S. parity indicator is found to be set then the computer is brought to a stop (11 1006
displayed in CR3). If this stop is encountered then a return must always be made to the

previous restart point.

{b) A drum parity check is made when data are transferred from the drum. Hence a drum
parity error can only be detected when the transfer is from the drum to I.A.S. If the
drum parity indicator is found to be set then the computer is brought to a stopwith 11 1007
displayed in CR3. When the Start button is pressed a further attempt is made to obey the
drum transfer. If there is a persistent failure, then a return must be made to the

previous restart point.

(c) A parity error routine (or a programmed test of indicator 07) should be used for
every transfer from the drum. If a parity failure is detected on a transfer from the drum
which is not followed by a test of indicator 07 then the program will detect this error the
next time indicator 07 is tested. Indicator 07 will be unset by testing and a repeat of the
drum transfer preceding the indicator test (which is not the transfer in which the ﬁarity

check failed) will apparently correct the error.

For some of the library routines the drum transfer is given as a parameter and is obeyed in
the subroutine. It is recommended that these should beused since they make it possible for a drum
transfer instruction to overwrite its own storage location in I.A.S. If a drum parity error is
detectedthen, asthedrumtransfer is retainedinthe subroutine, another attempt can be made to effect

the transfer.

Zero Suppression Routines 5.7.3

During output distribution, particularly prior to printing, it is very oftennecessaryto distinguish
between significant and non-significant digits in a data field. For example, if a quantity is
allocated six positions on the printed sheet, and a particular value is only a four-digit number,
then it is likely that it will be required to suppress the two non-significant zeros (leaving spaces)

and print only the four-digit number. This process is known as zero suppression. It consists of
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giving a zone component of zero to non-significant zeros and a zone component of one to significant

digits. Standard zero suppression routines are available for both decimal and sterling fields.

Punching Program into Fast-read Cards 5.7.4

Fast-read program cards (preceded by a control word of designation F) enable five 12-column
words per program card to be read in under Initial Orders. FEach word is punched exactly as it
appears within the computer i.e. all addresses are absolute, negative numbers are in complementary
form etc. Thus, by usingfast-read cards, Initial Orders merely read and store the data read in the
form in which they are punched. A full description of Initial Orders and fast-read cards will be

found in the Initial Orders Manual.

Fast-read cards may be punched in the correct format fromdata held on the magnetic drum, i.e.
a proved or compiled program may be punched into fast-read cards from the drum for later use

as input.

Several subroutines are available from the Subroutine Library which enable fast-read cards to

be punched in the required format from the absolute information as it is held on the drum.

Sorting Routines 5.7.5

The arrangement of data records into ascending numeric sequence, is an essential part of
computer usage. The sequence is arranged according to a key held in a given position within
each record. Sorting methods are available which enable source items to be examined in their
initial sequence and thence to be rearranged in a required sorted sequence. Many subroutines are
available from the Subroutine Library which cater for most aspects of sorting of fixed-length or
variable-length records. Data held on the drum or in I.A.S. may be sorted and several sorting
methods are available. The present subroutines available provide three basic methods of sorting

data in I.A.S. and on the drum; these methods are:

Merging Sort (drum or 1.A.S.)
Extraction Sort  (I.A.S.)
Exchanging Sort (I.A.S.)

Subroutines are also available which facilitate the insertion of a record into its appropriate

place within a string of variable-length or fixed-length records.

Merging Sort

Sorting by merging consists of taking two or more ordered groups of data (called strings) and
collating these into one ordered group or siring. When data are presented in random order.
straight merging may be employed. That is, the initial strings are considered as being composea
of one item only. The routines available for 1.A.S. sorting are all able to employ the straight
merge because of the fast internal speed. The method is as follows: The first two keys are

compared and their corresponding items placed in their correct order in one receiving area. The

o
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next two items are merged in a similar manner and the result placed in a second receiving area.
Each new string subsequently created from a pair of original items is then placed alternately into
cne of the two receiving areas, after the strings already contained in the area. When all the data
have been examined in this way the first pass is complete and two streams of data now exist, each
consisting of ordered strings of pairs of the original items. The two receiving areas are now
used as source areas and the process repeatedusing two other receiving areas. This time the pairs
are merged into groups of four. The data are thus passed back and forth, the areas alternating as
receiving and source areas until one completely ordered string emerges. The sort is then
complete. This method of sorting by merging using two input areas and two output areas is some-

times called_a two-on-two sort.

EXAMPLE OF A 2 ON 2 STRAIGHT MERGE

Initial 1st Pass 2nd Pass
Order Area 1 Area 2 Area 3 Area 4
8 4 1 1 2
4 8 7 4 3
7 2 3 7 5
1 9 5 8 9
9 £ “ 5 -

2
3
5
6
3rd Pass 4th Pass
Area l Area 2 Area 3 Area 4
1 6 1
2 2
3 3
4 4
5 5
7 6
8 7
9 8
— 53

In practice,areas 1 and 2 are combined into a single area the length of the original data area,

and areas 3 and 4 are combined to overwrite the original data area.

For drum sorting, records are stored in blocks. These blocks are of a given decade length,
usually 20 decades to make channel transfers possible although 10 decades are often used on 400

I.A.S. machines.

The first part of a drum sort entails merging the records within each block using an ILA.S.

merging sort and then storing these blocks on the drum.
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A drum merging sort is then used to sort these blocks into their own area on the drum ina
sequence defined either by an index in L.LA.S. or by a word in each block containing the address of
the next block. To do this pairs of blocks are brought into I.A.S., merged together and returned to
the drum, giving strings of pairs of ordered blocks. These pairs of blocks are then merged to give
strings of four blocks in order. This process is repeated until there is only one string. A Drum

Reshuffle routine uses the index to put the blocks thus orderedinto a completely sortedfile on the drum.

Extraction Sort
An extraction sort entails the sorting of records according to a keywordwhich is the first word
of a record. Routines are available for an extraction sort on both variable-length and fixed-length

records.

Basically, an extraction sort involves the extraction of the keywords and their addresses from
the original date for an index which is in effect a set of two word records. These key records are
sorted by a merging sort, and the addresses are then used to transfer the original records from
their data areasto the output area in ascending keyword order. One advantage of using this method
is that the I1.C.T. subroutines allow the output area to be usedas a working area to the index merging

sort so that no extra storage area is required other than the original data and output area storage.

Exchanging Sort
An exchanging sort entails the sorting of records (according to a keyword which is the first
word of a record) within the original data storage area. The method given below is used in the

standard I.C.T routine.

The first key is compared with one half-way through the list of data. An exchange takes place
if necessary. The second two keys of each half are compared and so on until all the data has been
covered. A second pass over the data is made, the distance between the two keys being compared
now being half what it was before. Passes continue, the distance between keys being halved at each
successive pass, until finally each key is compared with the next. The sort is then complete. If
at any timeduring a pass anexchange takes place, the lesser item is further compared with earlier
items and shifted to its correct position. TIf the calculation of the distance between keys to be

compared does not produce an integer, the next lowest integer is taken as the value.

COMMERCIAL ROUTINES 5.8
The [.C.T.Subroutine Library contains a number of subroutines which cover some of the essential
commercial programs that are commonly required, e.g. P.A Y E,, sterling and decimal conversions,

Graduated Pensions etc.

P.A.Y.E. 5.8.1
Routines are available for both monthly and weekly P,A,Y.E. calculations and these routines

are constantly amended to conform to Budget changes.
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Computation of weekly or monthly P.A.Y.E. contributions is made on data usually required in

P.AY.E, accountancy, i.e.

Gross Pay brought forward
Gross Pay for period
Tax brought forward
P.AY.E. Code Number
Week (Month) Number
Tax Basis Code
Fixed Amount of Tax.
Given the data above, it is possible for the subroutines to compute:
Gross Pay carried forward
Tax carried forward

Tax for period (positive or negative, negative being an indication of a refund of tax).

Graduated Pension Contributions 5.8.2

I.C.T. subroutines are available which compute contributions for the Graduated Pension Scheme
for a pay period of one week, multiples of one week or a calendar month. Once the gross pay for
the pay period has been determined (i e. gross pay for one month or N weeks etc.) the Graduated

Pension Contributions subroutine is entered to calculate the appropriate contributions.

Sterling and Decimal Conversions 5.8.3

A number of subroutines are available which enable such conversions as:

Sterling to £ and decimals of a £
Sterling to pence
Pence to sterling

Sterling amounts (in numeric form) to English (in alphabetic form).

MATHEMATICAL AND STATISTICAL ROUTINES 5.9

Floating-point Arithmetic 5.9.1

In arithmetic calculation it is often convenient to represent numbers by two factors, a decimal
quantity and some power of a chosen radix. For example, in denary arithmetic the radix is 10.
The number 83256817000000 can be represented by 0.83256817 x 1014. Similarly for very small
numbers: 0.0000000078325763 =0.78325763 x 10‘8' This is known as floating-point representation
and can be very useful in overcoming the limiting size of registers. Packages are available for
performing the normal arithmetic operations of addition, subtraction, multiplication and division
with numbers which range in magnitude from 1 x 10"51 to1x 10'1'49 retaining 9 significant digits

throughout the range.
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Matrix Arithmetic 5.9.2
Many calculations, especially in engineering, are concerned with linear relationships of variables
(e.g. Hooke's Law), and problems often arise in the form of several linear equations relating one

set of variables yl, Yogr Ygs-oeees 2 to another set Xy, Xgy X

This gives n simultaneous equations which written in full are:

}'1—311X1+2.12 x2+ 3.13 X3 ...................... +a1n Xn
Yz = 3.21 xl + 3.22 Xz + 3.23 x3 ...................... + 3,2n Xn.
b i
I | 1
| 1 1
| | |
o !
] :
] ’ '
| { :
I | 1
1 | I
| 1 :
Yo =8 Xt R g Kg + 8 g Xgemeoininns ra X,

where a1 is the coefficient of X in the expression for Yy The convenient abbreviated form of this

set of coefficients is called a matrix and is written as follows:

a a 2 R a

11 712 "13 1n
(O DU (e — eenanes

21 “22 “23 29n
| |
] ]
| |
| |
| |
| ]
| ]

1 )

3 |

1 |

I |

I |

1 1

I 1

Ao 8 aicicisivia b SO R a
a4n1 *no anB nn

The equations are denoted by the single expression:

y = Ax
where A is the matrix above of n rows and n columns. A set of subroutines is available for
carrying out the common operations of linear algebra, i.e. addition, subtraction, multiplication,
transposition, inversion, calculation of eigen roots and eigen vectors, and the solution of

simultaneous equations. Facilities are also provided for reading in and printing out a matrix.

Double - length Arithmetic 5.9.3

For use in those cases where the numbers used can vary moderately in size, and in which a
high degree of precision is required, a double-length arithmetic package is available which gives
facilities for carrying out the normal arithmetic operations with numbers which are 22 digits long

instead of the usual 11 digits.
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Special Mathematical Routines 5.9.4
Linear Programming is used to optimize a linear function of a set of variables subjected to
linear constraints, by means of the Simplex Method. Facilities are provided for taking into account

the imposition of upper and lower bounds on the variables.

Statistical Programs are available for the analysis of sets of experimental observations. These
have the ability to draw inferences regarding the representation which most closely f{fits the
observations. '

Engineering Programs have been developed to evaluate the stresses and deflections induced in
common structural forms by the loads imposed upon them.

A set of subroutines are available for the evaluation of commonly occurring Mathematical

and Trigonometrical Functions such as exponential, sine, tangent, etc.

Manchester AutoCode 5.9.5
The Manchester AutoCode provides facilities for incorporating into a program MAC routines

which have been written independently of that program. Certain general purpose MAC routines are
available from the I.C.T. Subroutine Library. The mathematical and statistical library routines

therefore fall into three groups:

(a) Complete routines for which the user need only supply data. These may be written

either in MAC or in machine code.
(b) Subroutines written in machine code which may be incorporated into machine-coded programs,

(c) General purpose routines written in MAC which may be incorporated into MAC programs.
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Table |

Summary of Characteristics of the 1300 -series Computer System

INPUT/OUTPUT

LINE PRINTER PAPER-TAPE
READER

PAPER-TAPE
PUNCH

CARD READER CARD PUNCH

5-,6-,7- or 8-Track
Tape

5-,6-,7- or 8-Track
Tape

Line of 80 or 120
Characters

80 Column Cards 80 Column Cards

600 or 300 cards 100 cards a minute

a minute 300 Characters

a second

600 or 300 Lines
a minute

1,000 Characters
a second

INTERROGATING
TYPEWRITER

Line of up to 120
Characters

10 Characters
a second

MAGNETIC TAPE

Up to 8 magnetic-tape units can be used. Three alternative systems are available:-

i} 1" tape operating at a rate of 90, 000 decimal digits a second., Maximum Reel length 3, 600 feet.

ii) ' tape operating at a rate of 22,500 decimal digits a second. Maximum Reel length 3, 600 feet,

iii) %" tape operating at an average rate of 16,500 decimal digits a second.

Maximum Reel length 1, 800 feet.

COMPUTER

STORAGE

IMMEDIATE ACCESS STORE (I.A.S.)

Magnetic Core Storage ranging from 400 to 2,000 word 1 to 8 drums are available.

capacity is available in units of 400 word capacity.

Alternatively may have 4,000 word capacity. 200 words.

single drum of 3,000 or 6,000 words.
additional 2 channels of reserved storage.
a minute.

MAGNETIC DRUM STORE

Average access time less than 6 ms.,
to or from I.A.S. within 12 ms including access.

Capacity of each drum is 12,000
words held on 60 channels, each channel having a capacity of
Alternatively, a machine may be fitted with a

Each drum has an

Speed 5, 240 revolutions

Channel transfer

ARITHMETIC UNIT

Comprises Mill and three Registers. Functions available include:

positions; transfer between registers and to and from storage; logical operations; shifts; etc.

add, subtract and multiply in decimal or sterling with variable £.s.d.

INDICATORS

Provided to record the result of past events, manual switch setting and states of input/output units.
out of sequence in the order of instruction obeyed, is provided by a test of an indicator that is set,

A jump instruction, causing a jump

GENERAL

Pulse Rate of 1 Mc/s (Megacycle).

Binary Coded Representation of decimal or sterling quantities.

Digits transferred in series, the binary-codings of that digit being recorded on 4 lines.,
Word length - 12 digits including sign.

Core store has 2 parity bits with each word.

Drum store has one check digit of 4 bits with each word.

Instruction length, normally 6 digits.
Transfer of instruction pair to control register takes 12 ps,
Multiplication takes approximately 175 ps per multiplier digit on average.

Instructions affecting arithmetic unit and I.A.S. only, except multiplication, take between 17 and 34 ps to be obeyed,
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Table 2

Summary of Functions and Function Timings

Time
Func. Description of Function Address nds. Register A micro-
affected .
seconds
00 Do nothing 12
11 Stop Original -
21 Set Decimal Point Register No. Dec. 12
22 Set Sterling Position Register 10/ - pos. 12
30 Set Row Binary Register
from [.A.S.
31 Create Row Binary 1 (1 Stream)
in Register B
32 Create Row Binary 2 (2 Stream)
in Register B [.LA.S. Word
33 Create Row Binary 3 (4 Stream)
i ister B
in Register LA.S. 21
34 Create Row Binary 4 (8 Stream)
in Register B
35 Logical AND I.A.S. to Register B Mill
36 Logical OR I.A.5. to Register B
and I.A.S. Result
37 Transfer from [.A.S. to Register B I.A.5. Word
38 Input/Output Control
39 Magnetic-tape Control See Original 12, or 24
Table 4 if double
-length
instruction
40 Write Zero to I.A.S. 0
41 Transfer Register A to I.A.S. Original
L.A.S. 21
42 Transfer Register B to I.A.S.
Result
43 Transfer Register C to I.A.S.
44 Transier Register C to Register B Original 17
45 Block Transfer I.A.S. to [.A.S. I.A.S. XXX See Table 4
54 Circulate Left in Register B Original 17
55 Left Shift Register B, entering zeros No. 0 34
. . " of
56 Right Shift Register B,
propagating sign posns. Original 17
57 Right Shift Register B, entering zeros

3165(2.64)

Table 2A: SUMMARY OF FUNCTIONS AND TIMINGS
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Table 2A:

continued

Time
Func. Description of Function Address Inds. Register A micro-
affected =
seconds
60 Clear Add ILA.S. to Register B
61 Clear SubtractIl.A.S.from Register B ;
lear Subtrac ror egister [LALS. 1
62 Add LA.S. to Register B Word
63 .Subtract 1.A.5. from Register B (Cj
o
b4 Add Register B to LA.S. E Mill
65 Subtract Register B from I.A.S. "
= F e LA.S and
66 Add | to L.A.S. A Result 25
= Over-
67 Subtract ! from I.A.S. 3
E._ flow
68 Compare [LA.5, with Register B 4 26
69 Multiply 1.A.S. (decimal) by X XX See Table 2C
Register B (decimal) into Register B
and Register C J
70
71 ILA.S.
72 Weed 21
1ill
73 Mi
and
74 ? As functions 60-68, with 1.A.S.
; T ] Over-
Arithmetic in Sterling
75 flow
76 Result 25b
77
78 26
79 Multiply I.A.S. (Sterling) by Register B
(decimal) into Register B and Register C XXX See Table 2C
80 Decade transfer to drum
g1 Decade transfer from drum
82 Channel transfer to drum See Table 2B
83 Channel transfer from drum See
Table 4
B4 Decade transfer to reserved store XXX
85 Decade transfer from reserved store
86 Channeltransfer toreserved store
87 Channeltransfer from reserved store

Part 6

3165(2.64)



3165(2.64)

Decade

Average : 5.7 + 0.57n ms
Maximum : 11.4 + 0.57n ms

Where n = number of decades

If change of drum or drum section:
Average : 11.7 + 0.57n ms

Maximum : 23.4 + 0,57n ms

Channel

Average : 11.7 ms

Maximum : 12.0 ms

If different drum of drum section from last transfer:
Average : 17.7 ms

Maximum : 24 ms

Table 2B: DRUM TRANSFER TIMES

Minimum: 44(n + 1 + m) us
Maximum: 44(6n + 2 + m) ps
Average: 22(7n + 3 + 2m) ns

Where n = number of digits in multiplier (excluding non-
significant zeros) and m = P - n if positive, and 0 otherwise;

where P is the number entered in the Decimal Point Register,

Table 2C: MULTIPLICATION TIMES
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COLOUR CODE

41
Transfer Register A
to I.A.S.

TRANSFER FUNCTIONS

37 40
Transfer from I.A.S. Write zero
to Register B te LA.S.

42 43

1300-SERIES COMPUTER FUNCTION CHART

ARITHMETIC FUNCTIONS

62 & 72
Add I.A.S.
to Register B

61 & 71
Clear Subtract I.A.S.

from Register B

60 & 70
Clear Add 1.A.S.
to Register B

The sixty range of functions is for decimal operations and the seventy range is for
sterling operations in conjunction with the setting of the Sterling Position Register.

65 & 75
Subtract Register B
from I.A.S.

64 & T4
Add Register B
to ILA.S.

63 & 73
Subtract I.A.S.

from Register B

Transfer Register B

Transfer Register C

to L.AS. to LAS.

‘Transfer Register C

to Register B

3165(2.64)

45
I1.A.S. to LLA.S.

Block Transfer

The appropriate sign indicator is set on all functions where figures pass through
the Mill. Similarly the overflow indicator may be set by the same functions with
the exception of the 35 Logical AND instruction.

EEE
j

66 & 76 67 & T 68 & 78
Add 1 to T.A.S. Subtract 1 Compare Register B with
from I.A.S, I.A.S. (I.A.S. - Register B =

Register A)

LOGICAL FUNCTIONS

35 36
Logical AND I,A.S. Logical OR I.A.S. and
and Register Bto Register B Register B to Register B
and LLA.S.

ROW BINARY FUNCTIONS

Row
Bin.Reg.

30 ’ 31

Set Row Binary Create Row Binary 1 Create Row Binary 2

Register from L. A.S. (1 stream) in Register B (2 stream) in Register B

Row
Binary
Reg.&

Unit

69 & 79

. , 33 34
Multiply I.A.S. by Register B

(Multiplier always decimal
- in Register B) Product
in Register B and Register C

Create Row Binary 3 Create Row Binary 4

(4 stream) in Register B (8 stream) in Register B

Part 6

Table 3

SHIFT FUNCTIONS

S
.
.
1
|- - —
H .
L} 1]
n L]
L} 1
- : E
Circulate left in Register B ¢ .
. ' Sign
o \ : digit
=, J Emitter
~.---I--l----"II-I-‘
55 56
Right Shift in Register B Left shift in Register B Right shi.ft in Register B
entering zeros. (This func- propagating

entering zeros.

tion operates over twoword  the sign digit.
times - the straight and

dotted lines indicate first

and second highways used;

Register A is zeroized as

a result.

Left shifting is achieved in the 1300-series computers by right shifting

DRUM FUNCTIONS

80, 82, 84, 86. 81, 83, 85, 87.
80 Decade Transfer 81 Decade Transfer
to Drum from Drum

82

Channel Transfer
to Drum

83 Channel Transfer
from Drum

84  As above for 85 As above for

& reserved storage & reserved storage

86 (Restricted) 87  (Unrestricted),

OTHER FUNCTIONS
Function No. Description

00 Do Nothing
11 Stop
21 Set Decimal Point Register
22 Set Sterling Position Register
38 Input Output Control
39 Magnetic Tape Control



Table 4

Peripheral and Magnetic Drum Instructions

F A ¥ A DESCRIPTIONS
First First Transfer N words from source BLOCK
45 | I,A.S, Address N |I.A.S5. Address to destination TRANSFERS
Source Destination Timing = 26N us
80 Transfer N decades from
I,A,S. to drum
N
81 . Transfer N decades from
‘ First drum to LA.S
First Drum rum to L.A,o. MAGNETIC
Lof; S Decade DRUM
Address
Address N=1to20
82 Transfer channel
from 1.A.S, to drum
20
83 Transfer channel from
drum to I,A,S,
84 Transfer N decades from
ILA.S. to reserved store *
N
85 . Fifst Transfer N decades from MAGNETIC
First Drum reserved store to I,A.S, DRUM
ILA.S. RESERVED
Address RS
Address STORAGE
86 Transfer channel from N =1 to 20
I,A.S, to reserved store *
20
87 Transfer channel from
reserved store to [LA.S.
*Available only under engineers' control
Table 4A: MAGNETIC DRUM AND BLOCK TRANSFER INSTRUCTIONS
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r A DESCRIPTIONS
38 0002 Call Card Feed
38 0007 Reject Card GARD.READEER
38 0013 Set Row Binary Register from
Print Counter
38 0014 Print Left-hand Bank LINE PRINTER
38 OOiS Print Centre Bank {ERINT)
38 0016 Print Right-hand Bank
38 0020 Lift all Sprags
38 0021 Drop Sprag 1, lift all others
38 0022 Drop Sprag 2, lift all others
38 0023 Drop Sprag 3, 1ift all others g‘SIngPEI;‘INTER
38 0024 Drop Sprag 4, lift all others
38 0025 Drop Sprag 5, lift all others
38 0026 Drop Sprag 6, lift all others
38 0042 Call Punch Feed
38 0043 Punch Left-hand Bank
38 0044 Punch Right-hand Bank
38 0045 Check Read Left-hand Bank CARD BHNGH
38 0046 Check Read Right-hand Bank
38 0047 Off-set Card
38 0050 Read One Code
38 0051 Select Reader No, 1 iﬁigg;ﬁAPE
38 0052 Select Reader No, 2
38 0070 Select TYPE IN Mode
38 0071 Select TYPE OUT Mode INTERROGATING
38 0072 Type one character to or from Register TYPEWRITER
B according to mode
38 0076 Punch one code, check one code igigg Takk
Table 4B: PERIPHERAL EQUIPMENT INSTRUCTIONS
10 Part 6 3165(2.64)




B A F A DESCRIPTION
39 001X Write one Block
00 | First
I.A.S5. Address
39 002X Read one block (read on Track A
for 1 tape)
39 003X 3 Backspace one block
39 004X Cancel one block (one section on |X = deck address
Single 1" tape) lto8
5 -length
instructions
39 005X Rewind to start of tape
39 006X ) Unload - tape completely
rewound on spool
39 007X oo |First Read one block on track B
I.A.S. Address | (" tape only)

3165(2.64)

Table 4C: MAGNETIC-TAPE INSTRUCTIONS
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Table 5

Summary of Indicators

TYPE LND SET BY UNSET BY
0.
00 PERMANENTLY SET
01 =0 # 0
MILL 02 Liast Number > 0 ~-ie, 4in Last Number ?/ 0
through Mill sign digit through Mill
03 < 0 -i.e.5tol5 < 0

in sign digit

OVERFLOW 04 Sign digit # 0 or 9,
or last number through
mill = 9000600000000

Program when tested

ERROR 06 I.A.S. Parity Error Program when tested

07 Drum Parity Error

PROGRAM 10

to Instruction (Designation 8) Instruction (Designation 9)
19

MANUAL 20

to MANUAL CONTROL ON CONSOLE
29

Table 5A: CENTRAL PROCESSOR INDICATORS
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IND

TYPE No SET BY UNSET BY
35 Card Reader Ready Instruction 380002 and
Card Reader Interlock
CARD 36 6 Columns Read Program when tested or
READER automatically if not tested
37 6 Columns Missed Program when tested
38 Mischeck or between card cycles
42 Printer Ready Printer Interlock
43 Print Index Point Time Program when tested or
automatically if not tested
LINE 44 Print Character Time Program when tested
PRINTER
45 Line Space Time Program when tested or
automatically if not tested
47 Paper Trolley Empty New supply of paper inserted
49 Print Counter Error Program when tested
50 Paper Supply Low New supply of paper inserted
INTERR- 51 P d . .
OGATING ypewriter Ready Instruction to Type In or Out given
TYPE- 52 Request Type-in Program test
WRITER i
53 Carriage at End Carriage leaving left-hand stop
59 Typewriter Mechanical Failure Program test
54 Punch Ready Punch Interlock & Instruction 380042
55 Punch Index Point Time Program when tested or
automatically if not tested
CARD : :
56 Check Index Point Time Program when tested or
PUNCH automatically if not tested
57 Punch Index Point Time missed Program when tested
58 Check Index Point Time missed
PAPER 60 Tape Reader Ready Automatically if Reader not ready
R__I'Erﬁ[f’gl{ 61 Parity Error Program test
ly L More than 20 feet of tape on spool
PAPER 65 Tape Supply Low P p
-TAPE 66 Tape Punch Ready automatically if Punch not ready
EUNCH 67 Tape Punch Error Program test

14

Table 58: PERIPHERAL EQUIPMENT INDICATORS
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INDICATCR

No TITLE SET BY UNSET BY
70 Write Unit Ready Write Unit not busy Write or Cancel
Instruction
71 Write Master W74, W76, W77 becoming Unsetting of
set all three Indicators
72 Read Unit Ready Read unit not busy Read or Backspace
Instruction
73 Read Master R75,R76, R77 becoming set | Unsetting of all
three Indicators
W74 Write Any Errors Any Bit Errors Written Write or Cancel
74 Instruction
R74 Read Any Errors Any Bit Errors Read Read Instruction
w75 Write Multiple Errors Multiple Bit Write or Cancel
75 Errors Written Instruction
R75 Read Multiple Errors Multiple Bit Errors Read | Read Instruction
W76 Write Final End of Tape Final End of Tape Marker | Program Test
76
R76 Read Final End of Tape Final End of Tape Marker | Program Test
W77 Write Early End of Tape Early End of Tape Marker | Program Test
77
RT7 Read Short Block Short Block Read Program Test
79 Writing Ring Present Writing Ring present on Writing ring not present on
spool, Tape Unit mechan- |spool or Tape Unit not
ically ready and Address mechanically ready or add-
seized, for the last Deck ress not seized, for last
tested deck tested
80 Tape Order Error Unacceptable Instruction Program Test
81 to 88 Deck Address (1 to 8) Address seized and Tape Address not seized or
Unit mechanically ready tape unit busy or
and not busy not mechanically ready
89 Transport mechanically Tape unit mechanically Tape unit not mechanically

ready and address seized

ready and address seized

ready or address not
seized.

NOTE:

R stands for Read, W for Write

Table 5C: ONE-INCH (90kc/s) AND HALF-INCH (224kc/s) MAGNETIC - TAPE INDICATORS

3165(2.64)
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INDICATOR

No TITLE SETBY UNSET BY
70 Write Unit Ready Write Unit not busy Write or
Cancel Instruction

71 Write Master Indicator 74 or 76 Unsetting of both
becoming set Indicators 74 and 76

72 Read Unit Ready Read Unit not busy Read or Back Space

Instruction

73 Read Master Indicators 75 or 77 Unsetting of both
becoming set Indicators 75 and 77

74 Write Errors Any Errors during Write or
Writing Cancel Instruction

75 Read Errors Any Errors during Read Instruction
Reading

76 End of Tape End of Tape Marker Program Test
During Writing

77 Short Block Short Block Read Program Test

79 Writing Ring Present Writing Ring present on Writing ring not presenton
spool, Tape Unit mechan- | spool or Tape Unit not
ically ready and Address mechanically ready or
seized, for the last Deck address not seized, for
tested last deck tested

80 Tape Order Error Unacceptable Instruction Program Test

81 to 88 Deck Address (l to 8) Address seized and Tape | Address not seized or

Unit mechanically ready tape unit busy or
and not busy not mechanically ready

89 Transport mechanically Tape unit mechanically Tape unit not mechanicallyj

ready and address seized

ready and address seized

ready or address not
seized.

16

Table 5D: QUARTER-INCH (16kc/s) MAGNETIC-TAPE
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Table 6

Standard Code for Card Reader and Card Punch

Card Numeric Numeric Numeric Numeric Numeric
oy o No + 10 +11 +0 +1
nRehng Overpunch | Overpunch|Overpunch | Overpunch | Overpunch

10 10

11 11

0 0

1 1 A J &

2 é B K S %o

3 3 C L T 3

4 4 D M u -

5 5 E N v /

6 6 F o w 5

7 7 G P X

8 8 H Q Y @

9 9 I R Z 3
Computer
Coded
Zone
Component 1 2 3 4 5

Part 6
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Table 7

Code for Line Printer

Numeric Zone Zone Zone Zone Zone
Component Component 1 Component 2 Component 3 Component 4 Component 5

0 0 11 10 * £
1 1 A i & ¢
2 \ 2 B K 5 %
3 3 Cc L T i
4 4 D M u -
5 5 E N v /
6 6 F o] w 4
7 7 G P X

8 8 H Q Y @
9 9 I R Z 3

3165(2.64)
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This is the basic code having six data bits with no parity bit.

The main use of this code is as the foundation on which the other codes are based.

Numeric Zong
Component 0 1 5 3
0 Space 0 P
1 1 A Q
2 New Line 2 B R
3 Paper Throw 3 @ S
4 Tabulate 4 D T
5 Backspace 5 E )
6 Shift Out 6 ¥ v
7 Shift in and 7 G W
run out

8 ( 8 H X
9 ) 9 I Y
10 10 J Z

11 £ 11 K

12 L

13 & + M

14 # - N Escape 0
15 / . 0o Erase

3165(2.64)

REPRESENTATION WITHIN THE COMPUTER

Table 8A: RECOMMENDED PAPER-TAPE 6- TRACK CODE

Part 6

The Zone
is registered
in tracks
6 and 5 thus:

Table 8

Recommended Paper -tape Codes

Numeric
Component

10

11

12

13

14

15

Track No.
3 2
0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1
0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1

Zone

6

Track No.

5

REPRESENTATION ON PAPER TAPE

21




The only difference from the 6-track Code is the provision for an
ODD parity bit in track 5 and the positioning of the zone punching in tracks 6 and 7.

Numeric o
Component 0 1 2 3
0 Space 0 P
1 1 A Q
2 New Line 2 B R
3 Paper Throw 3 C 5
4 Tabulate 4 D i 1
5 Backspace 5 E u
b Shift Out 6 F v
7 Shift in & 7 G w
Run out

8 ( 8 H X
9 ) 9 I Y

10 10 J Z

11 £ 11 K

12 L

13 & + M

14 * — N Escape ¢

15 / » @] Erase

22

REPRESENTATION WITHIN THE COMPUTER

The Zone
is registered
in tracks
6 and 7 thus:

5 Track No.
Numeric

Component 3 2 1

0 0 0 0

1 0 0 1

2 0 1 0

3 0 1 1

4 1 0 0

5 1 0 1

6 1 1 0

7 1 1 1

8 0 0 0

9 0 0 1

10 0 1 0

11 0 1 1

12 1 0 0

13 1 0 1

14 1 1 0

15 1 1 1

Track No.

Zone = 6
0 0 0
1 0 1
2 1 0
3 1 1

Table 88;: RECOMMENDED PAPER-TAPE 7-TRACK CODE

Part 6
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This code is an extended version of the 6-track code. It has the same six data bits
with the addition of even parity and an an eighth track, used in this specification to obtain a shift into lower case.

Numeric Zone Numeric Track No.

Component 0 1 2 3 4 5 6 7 Component 4| 3
0 Blank Tape 0 P Space 0 P 0 0|0

1 1 A Q i a q 1 o| 0

2 New Line 2 B R 2 b T 2 0 0

3 Paper Throw| 3 C 5 3 c s 3 0|0

4 Tabulate 4 D T 4 d t 4 0|1

5 Backspace 5 E u 5 e u 5 0 1

6 Shift Qut 6 F v Shift QOut 6 £ v 6 011

7 Shift In and 7 G w Shift In and 7 g w 7 0|1

Run Out Run Out

8 ( 8 | H x 8 | h x 8 1|0

9 ) 9 I Y 9 i ¥ 9 1|0

10 10 J Z j z 10 1|0

11 & 11 K k 11 1 0

12 L 1 12 1 1

13 & + M m 13 1 1

14 * - N |Escape $ n 14 1 1

15 / : o} o |Erase 15 11

REPRESENTATION WITHIN THE COMPUTER

7 Track No.

one 8 7 6

0 ofolo

1 0 01

The Zone “ ¢ {0

is registered 3 0 1 1
in tracks

6, 7 & 8 thus: & ; 0re

5 1 0 1

6 1 i 0

7 1 1 1

REPRESENTATION ON PAPER TAPE

Table 8C: RECOMMENDED PAPER-TAPE 8-TRACK CODE
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Table 9

Code for Interrogating Typewriter

NUMERIC BPNE
COMPONENT 4 1 2 5 6 -
0 Space 0 £ ) ¢
1 Do nothing 1 A ] = x
2 Tabulate 2 B % | < +
3 Set Tab 3| cC L] > ?
4 Clear Tab 4 | D - + #
5 Carriage Return/| 5 | E / T O
Line Feed
6 6 | F |
7 710G } ;
8 8 | H @| v !
9 9 |1 20 ) |4
10 10
11 11
12 12
13 13
14 14
15 15
Part 6
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Table 10
Peripheral Equipment Timings

OPERATION TIME FOR OPERATION

600 cards a minute | 300 cards a minute

Card Reading Rate Reader Reader
{Minimum times) (Minimum times)

Complete Card Cycle 100 ms 200 ms

Time after 14th 6 Columns Read in which a Call

Card instruction may be given to maintain

continucus running of the reader 2.44 ms 7.3 ms

Time between calling a card and the first 6

Columns Read if the card reader has been

unla tched. 36.1 ms 70.4 ms

Register C comes into use for card reading

before the first 6 Columns Read. Therefore if

multiplication is taking place this should be

reduced to: 32.4 ms 60.75 ms

Time between 14th 6 Columns Read and Ist 6

Columns Read of next card during continuous

running. 40 ms 80 ms

If multiplication is taking place this should be

reduced to: 35.4 ms 70.8 ms

Interval between successive 6 Columns Read.

Multiplication cannot be carried out during this

time. 3.18 ms 6.36 ms

Time after 14th 6 Columns Read during which a

Reject Card instruction can be given. 25.4 ms 50.8 ms

Time after whiché Columns Read indicator (36)

is automatically unset if not previously unset

by program. 538 ps 1076 ps

3165(2.64)

Table 10A: CARD READER TIMINGS
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28

OPERATION MINIMUM TIME OF OPERATION
Card Punching rate 100 cards a minute
Card Cycle 600 ms
Calling Punch from rest, with motor running,
to 1st Punch Index Point Time on. 35,83 ms
Index Point Interval 40.7 ms
Punch Index Point Time indicator (55) duration 6.52 ms
Check Index Point Time indicator (56) duration 14.66 ms
Interval between last setting of indicator 56
to last time to give 380042 instruction for
continuous running, 58.22 ms
Interval between last setting of indicator 56 and lst
setting of indicator 55 when feeding continuously 102.2 ms
Time between last setting of indicator 56 and
last time to give 380047 instruction 41.94 ms

Table 10B: CARD PUNCH

Part 6

TIMINGS
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TIME OF OPERATION

OPERATION 600 l.p.m. PRINTER {300 l.p.m. PRINTER
(Minimum times) (Minimum times)
Character time interval 1.2 ms 2.6 ms
Line space indication interval at speed 6.9 ms 6.9 ms

Duration of Line Space Time indicator (45)

being set if not tested 3.1 ms 3.1 ms

Duration of Print Index Point Time indicator

(43) being set if not tested 550 to 800 ps 1150 to 1700 ps
Time to space {first line 32 ms 32 ms
Time to space subsequent lines 7.56 ms 7.56 ms

Table 10C: LINE PRINTER TIMINGS

OPERATION TIME OF OPERATION
Reading Speed 1, 000 characters a second
Character Read Interval 1 ms

Time to transfer character to buffer after

sensing leading edge of hole 22 ps

Time in which buffer must be unloaded to

maintain continuous running 978 t 50 ps

Table 10D: PAPER-TAPE READER TIMINGS

OPERATION TIME OF OPERATION
Punching Speed 300 characters a second
Character Time Interval 3.33 ms

Table 10E: PAPER-TAPE PUNCH TIMINGS

OPERATION TIME OF OPERATION

Printing Speed 10 characters a second

Table 10F: INTERROGATING TYPEWRITER TIMINGS
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Timings and Statistics

Table 11

for One- inch (90kc/s) and Half - inch (227kc/s) Magnetic - tape Systems

OPERATION

ONE-INCH

HALF-INCH

Time for a queued tape unit to come under
computer control.

Fixed Delay Period on reading or writing
Delay before writing first block

Rewinding or unloading speed

Time to rewind a 3, 600 foot reel.

800 milliseconds after the unload instruction
has been accepted

0.48 ms
2 seconds

Two speeds available, choice depending

on engineers adjustment. (a) 150 inches

a second. (b) 300 inches a second, subject
to last 600 feet (approx.) of tape being
rewound at 150 inches a second; previous
2,400 feet (approx.) or remainder of tape

if less than 3, 000 feet, is rewound at the
full speed of 300 inches a second; remainder
up to 600 feet, is rewound at 150 inches a
second,

At 150 inches a second, 4 minutes 48 seconds
At 300 inches a second, 3 minutes 12 seconds

800 milliseconds after the unload instruction
has been accepted

2.04 ms

2 seconds
The rewinding speed is not constant but
increases as the length of tape on the loading
spool decreases. The time to rewind half a

reel is therefore more than half the complete
rewind time.

Under 4 minutes

Length of long gap. 1.35 inches 1.24 inches
Length of short gap. 1.12 inches 1.0 inches
Time to create long gap on writing 11.2 ms 18.8 ms
Time to create short gap on writing 7.5 ms 13.4 ms
Time to traverse long gap on reading-
with stop/start 11.2 ms 18.8 ms
Time to traverse long gap on reading-
without stop/start 9.0 ms 16.6 ms
Time to traverse short gap on reading-
with stop/start 9.7 ms 15.6 ms
Time to traverse short gap on reading-
without stopfstart 7.5 ms 13.4 ms
Time for a word to be transferred from
Register G to I.A.S. during reading 15 ps 15 ps
Time for a word to be transferred from
I.A.S. to Register F during writing 15 pns 15 ps
Minimum distance between final end of
tape marker and actual end of tape 15 inches 15 inches
Minimum distance between early end of
tape marker and final end of tape marker 15 feet 15 feet
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Table 2
Timings and Statistics for Quarter - inch (16kc/s) Magnetic - tape Systems

Maximum length of tape on spool 1, 800 feet
Minimum distance between end of tape 25 feet
marker and actual end of tape
Distance between beginni ft d beginni

istan we ginning of tape and beginning 7 to 10 feet

of tape marker

Tape Speed

374 inches a second

Delay before writing first block

5 seconds

Rewind time for a complete reel

under 3 minutes

Packing density - assuming random distribution of digits

440 digits an inch

Packing density - assuming 25% of digits are zero -
otherwise random distribution

480 digits an inch

Digit rate - assuming random distribution

16,500 digits a second

Digit rate - assuming 25% of digits zero
otherwise random distribution

18,000 digits a second

Digit rate for all zeros

32,000 digits a second

Digit rate for all fifteens

8,000 digits a second

Average time for one word to pass the read/write heads -
assuming randomdistribution

727 ps

Length of inter-block gap

approximately 0.8 inche g

Time to traverse inter-block gap on writing, and write block

start marker - excluding time when tape is awaiting an 20 to 25 ms
instruction

Time to traverse inter-block gap and block start marker on

reading - excluding time when tape is awaiting an instruction 20 to 25 ms
Break-in time when transferring 2 word to or from IL.A.S. 16 ps

3165(2.64)
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Table 13

Program Flowchart Symbols

Normal Arithmetic or Transfer Process

Decision or Test

or Fixed or Variable Connector (Switch)

Exit to and return from Subroutine

STOP .
106 Stop (or Start) point
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Systems Flowchart Symbols

COMPUTER EQUIPMENT

Table 14

Description I.C.T.Symbol Description I.C.T. Symbol
Source Core Store
Document
Punched Card
Magnetic
Tape
~ _‘-h\
/ \
Paper Tape \
e -
Working
Typewriter General
Input Operational
Symbol
L S Printed
Qutput
Typewriter Typewriter
Magnetic Drum Output f
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NON-COMPUTER EQUIPMENT

Table 14: continued

Description 1.C.T. Symbol Description I.C.T. Symbol
Punch and
Verify Sort
Tabulator
File of
Punched
Cards
Calculator
Interpret,
Match, Collate, Mzl
Interpolate :
Operations
or
Reproduce
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Table 15

Operator’s and Programmer’s Display and Switch Panels

1 1 1 1 1 1 1 1 1 1 1 1
Set 2 2 2 2 2 2 2 2 2 2 2 2
4 4 4 4 4 4 4 4 4 4 4 4
8 8 8 8 8 8 8 8 8 8 8 8
1 2 3; 4 5 6 7 8 9 10 11 12
» 2o O Q O O & O O O O O O O
ARITHMETIC REGISTER
1 1 1 1 1 1 10
- [HTHIHTHIHTHIE & 3 2 d
4 4 4 4 4 4 12
8 8 8 8 8 8 i3 20 21 22 23 24
1 2 3 4 5 6
14
15
i
I O O O O O 4y
18
=) I el I = I = T = I
= 25 26 27 28 29
FPROGR ED
CONTROL REGISTER IND?C:TMOLI&S —MANUAL INDICATORS
O @ @ COMPULSORY OPTIONAL
4 |Slip Pulse I.A.S5]p
Computer 4 |Drum count Drum|p o
4 [ILLAS. P CR Tape [}
Auto
- T 4 Jcr1/3 . StoP  Engineors Inhibit ,
On cre anual 1oitial TENTEES BEEEE controi CH Shift Gain
Read Orders
eader O Attention O
COMPUTER STOFPED off .
AUTO MANUAL i X Monitor
4 |[Mainsfailure Tape|b
; DC fail .
Printer TAPE ADDRESS f ailure : — O |E| E
b . Stop Limit On Alarm
Off Start Order Error temperature
Punch LAMP TEST

READY INDICATORS COMPUTER STOPPED INDICATORS

Table 15A: COMPUTER CONSOLE
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Emergency

: Normal
O Q A

AC Power Misfeed ~ e
ON

Stop
Exciter Lamp Voltage
Start/Reset Reset
Misfeed
(i) CARD READER
AC Power Hopper nearly Stacker
OoN emply nearly full
Emergency Cancel
Stop Start Stop Offset
Indicator
Offset

(ii) CARD PUNCH

O

O O

AC Power Sprag | Paper Trolley Auto
ON Engaged Empty Stop
Emergency Q
Stop

Enpage Start Start Stop Ribbon Reset

Sprag 1 Motors Printer Printer Fault Auto Stop

(iii) LINE PRINTER
Table 15B: PERIPHERAL EQUIPMENT
Part 6 3165(2.64)
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Address allocated in this space.

Auto
Reverse Forward
Brake Fault
Allocate Unload A Reset Secure
[zzzzzzzzzzzzzzzzzzy)
(i) QUARTER-INCH (16kc/s) MAGNETIC-TAPE UNIT
0
Address allocated in this space. 4 5 N Auto
Standby
3 6 L P Manual
' ’ Marginal Test Auto/Manual
argin es uto/Manu
AC Power' ON Lransport ON Selector Secure Overload Lockout € g
Forward Reverse
Emergency Stop Start Allocate Unload Reset Leader Drive Selector
(ii) HALF-INCH (223kc/s) MAGNETIC-TAPE UNIT
0
Address allocated in this space. 4 5 N Sl Auto
6 L P Manual
2 T
1 8 )
AC Power ON Marginal Test Auto/Manual
Selector Secure Overload Lockout Stop
iy
Forward Reverse
Emergency Stop
Start Allocate Unload Loop Reset Leader Drive Selector

3165(2.64)

(iii)

ONE-INCH (90ke/s) MAGNETIC-TAPE UNIT
Table 15C: MAGNETIC-TAPE UNITS
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Glossary of Terms

Used in the 1300 - series Programmers Reference Manual

Access Time
The time elapsing between giving an instruction which operates ondata held in store (e.g. 1.A.S.

or magnetic drum)and the instant when the data are so positioned thatthe operation can commence.

Address

The name or number identifying a location either in a store (e.g. I.A.S.) or in some other part

of the computing system (e.g. a tape deck).
Absolute Address The number identifying a specific location in a store.

Relative Address A number identifying a location which is relative to another address, and is

therefore, not a specific storage location.

Assembler (Assembly System)

A program which converts autocode instructions into a machine-coded program.

Autocode
A programming language intended to simplify programming by the use of macro-instructions

{(g.v.) written in an elementary programming code.

Binary Coded Decimal (B.C.D.)
A system of binary notation in which the decimal digits 0 to 15 are represented by four bits

which have values of 1, 2, 4 and 8 respectively.

Binary MNotation

A system of positional notation in which the digits are coefficients of powers of a base of two.

Bit (Binary Digit)
A digit (0 or 1) in binary notation.

Block
A group of consecutive data or program words considered or transferred as a whole.
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Block Relativizer
The relativizer used for the 1.A.S. and drum settings given in the block relativizer control
words. As each block is read by Initial Orders the block relativizer setting is used to convert

addresses specifying relativizer 'B' to absoluie form.

Buffer
A storage device (either a special register or an area of I.A.S.) used to compensate for the
difference in rates of flow of information or in times of occurrenceof events when transferring

information from one device to another, as from input unit to I.A.S. or L.A.S. to output unit.

Channel

A recording band on the magnetic drum comprising 200 locations.

Compiler

A program which has the characteristics of an assembler (i.e. converting autocode instruction
to machine-coded instructions) but is more comprehensive. It usually produces several machine
-coded instructionsfrom one autocode instruction and assembles a complete program by allocation

of storage etc.

Decade
The smallest unit of transfer from the magnetic drum; it comprises 10 consecutive storage

locations on one channel i.e. there are 20 decades per drum channel.

E - Card
A card bearing the designation E which is the last program card in a pack. An 'entry word'

punched in the E-card effects an entry to the program under Initial Orders (g.v.).

E-Word
The 'entry word' which is punched in a program pack after the last program word and which

effects an entry under Initial Orders. It is usual to punch the E-word on a separate card, the
E-Card.

End of Block Marker

A marker to indicate the end of a data or program block.
Applied to magnetic tape A word after the last data word which contains 15in every digit position.

Applied to program cards A punching with a non-zero numeric component in column 17 of the last
card of the block.
Frame
A cross-section of one-inch or half-inch magnetic tape which consists of one bit position for
each tape track. According to the number of tape tracks, a frame may be used to record one or

more characters.
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Hardware
A term for the computer and the mechanical, magnetic, electronic and electrical devices

from which it is made. A colleoquial term for apparatus as opposed to program.

Housekeeping
Programs or instructions which are included for organizational purposes and do not actually

perform calculations. The term is particularly applied to magnetic tape organization.

Initial Orders
An input routine permanently stored on the reserved channels of the magnetic drum which

enables programs to be read into the computer and stored on the drum.

Key

(a) A group of characters usually representing an item which is used to identify a record, or

(b) A parameter (q.v.).

Link
An instruction which returns control from a subroutine to the main program. The link is

stored by the subroutine in a word allocated for the purpose.

Loop
A group of instructions which may be obeyed morethanonce. A loopwill normally be conditional

upon the testing of an indicator. Depending on the state of an indicator (set or unset) a number of
instructions will be repeated and the indicator tested again. The loop will continue until the state

of the indicator is changed.

Macro - instruction
Usually used in autocode programs where one program instruction, a macro-instruction,

corresponds to several machine-coded instructions.

Mask

A constant used with a Logical AND instruction to extract information from part of a word.

Microsecond

One millionth of a second (pus).

Millisecond

One thousandth of a second (ms),

Object Program
A complete program in machine code produced by the action of a compiler or assembly system

upon a source program (g.v.).
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Off - line
A data processing machine which operates when not directly linked (electronically or mechan-

ically) to the computer is said to be used off-line.

On - line
A data processing machine which operates when directly linked to a computer (e.g. for input

/output purposes) is said to be used on-line.

Packing Density
The number of digits that can be accommodated on a given amount of storage. The term is

especially applied to magnetic tape.

Parameter
Information or requirements supplied to a subroutine by the main program, the format and

address for the information being set down in the subroutine specification.

Parity Bit
A bit which is automatically generated and appended to an array of bits (usually representing
a character)to make the sum of the number of 1-bits in the array either oddor even, as nominated.

The parity bit is included for checking purposes only.

P.P.F. (Print Punch Feed)
A utility program allowing input/output units to operate in parallel with maximum time-sharing

under a control routine.

Relativizers
A number which can be set to give an I.A.S. and drum setting for the appropriate R.R.N. The

relativizer settings are used by Initial Orders to convert relative addresses to absolute addresses.

Queueing

If, on one-inch (90 ke/s)orhalf-inch (223 ke/s)magnetic-tape systems,a tape deck is allocated
an address and that address has been previously seized by another tape deck, then the second tape
deck to be allocated the address is said to be "queued'. The queuedtape deck will seize the address

when that address becomes available.

R.R.N. (Relativizer Reference Number)
A reference number which is associated with a block of program or data enabling the words

in the block to be addressed in relative form.

Search Code
A code is held inI.A.S. which is compared with codes which are inputfrom a paper-tape reader
or punch, interrogating typewriter etc., a successful comparison indicating that a specific code has

been read on input.
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Software
An antonym of 'Hardware' (q.v.). A collogquial term for programs available (e.g. subroutines

and autocode programs) as opposed to facilities provided by the apparatus of the computer.

Source Program
A program written in an autocode programming language which will be converted to machine

code by a compiler or assembly system (g.v.).

Subroutine
A seli-contained section of program which can be incorporated into a complete program.

Time - sharing

A method of programming used to reduce the running time on the computer. When an instruc-
tion has been initiated and the execution of that instruction is time consuming but does not involve
Register A or Register B(e.g. an instruction governing a peripheral unit) control can be transferred

to another section of program so that the two operations are carried out simultaneously.

Track )
Alongitudinal section of magnetic or paper tape which consists of a series of recording positions.
A cross-section of the tape consists of one recording position for each track and may be used to

represent one or more characters.

Writing Ring

A safety device used on magnetic-tape spools toprevent the overwriting of "Master' information.
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