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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.

3165(2.64) Part 2 1




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

2 Part 2 3165(2.64)




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.

3165(2.64) Part 2




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.

8 Part 2 ' 3165(2.64)



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

10 Part 2 3165(2.64)



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,

3165(2.64) Part 2 11




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

3165(2.64) Part 2 13




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
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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.
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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.

24 Part 2 3165(2.64)



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.

3165(2.64) Part 2 31




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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