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INTRODUCTION OF SCDA.

The bagic Deuce machine is a fast electronic digital computer capable of
performing thousands of arithmetical and logical operations every second. Its
efficient utilization often requires the experience of weeks, ©SODA is a scheme
which uses the computer 4o perform much of the routine work asscciated with
making Deuce function, as well as providing a system which is certainly easier
to learn than is the basic one.

Before proceeding further, it scems wise to define a few terms associated
with the computihg field. A computer solves a problem by executing a series
of instructions associated with the problem in a predefined sequence, These
instructions may causse arithmetical or logical operations to be performed, or
the transfer of information within the computer or between it and the outside
world, or a selection of alternative instruction sequences depending upon the
results of preceding calculations. The sequence is termed a programme and the
people who arrange it are programmers. It is in this field of programming
that SO0DA attempts to relieve the human efforts at the expense of a certain
percentage of efficiency in fthe final machine programme.

As an examplé of what is meant by programming, let us examine the eval-
uation of the following polynomials

2

It can be rewritten as:

2
8, X° + a4 X + ag

(ap x + 24) x + ag

A programme to evaluate it might therefore ﬁake on the folloWing forms

1. Multiply ap by x

2. Add aq to the result

3, Multiply the last result by x.

4. Add a, to this result to give the final answor.

A1l programming reduccs to elementary steps very much like those
illustrated by the above four, and it is the programmer's job to properly
sequence them. It is not intcnded that this menual be a text in programming.
However, several examples, using the SODA instructions, are given in Appendix
VL, and it is hoped that some techniques will bescome apparent by a study of
them,

THE SODA MACHINE.

SO0DA is a programme, called a Translation Programme, which transforms
the basic Deuce machire, as far as the user is concerned, into a computer
with properties entirely different from Deuce., It takes programmes written
in SODA instructions and translates them to different programmes in the Deuce
1-guage, the latter being the one which finally carries out the desired
computation. The machine to which Deuce is transformed by SODA is pictured
in Figure 1. It is necessary that the SODA user thoroughly understands the
construction of this pseudc-~computer.

In order to work at electronic speeds, it is necessary that all in-
formation, including data and programme, be stored within the computer itself.
They are; in this case, placed on a magnetic drum which is capable of retain-
ing information over an indefinite period of time. The drum is capable of
holding 8,192 words, (whers a "word" is either a number or a Deuce instruction, )
arranged into 256 tracks, numbered O — 255, of 32 words each. Space is divided
between the three types of quantities stated in the diagram, but the dividing
lines are not rigid. First on the drum are the comstants (including any
temporary storage reguired) and there must be less than eight tracks of these.
Next comes the programme. It can extend as far as necessary, providing it
does not attempt to overlap any of the data area which has been previously
reserved, An error signal is given if the translation results in this. Data
differs from constants cnly in name, but it can usually be taken to refer to
an ordered array of which a repetitive calculation pertains to different .

elements each cycle. One would expect the programme to work with varyihg
data, while the list of constants remainsthe same. L
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It is not possible to work with data directly on the drum. It must
first be placed in one of the two working storages, and if other dats is
to be stored on the drum, it must be written there from a working storagc.
For most purposes these storages can be considered as independent memory
units of indefinite sige, always capable of holding at one time all of the
elements in a given array. Other usages require that the programmer realigze
that each working storage actually containg only thirty-two positions, and that
the correct elements are automatically constrained to be in this group of
thirty-two at the proper time.

All of the arithmetical and logical operations of this machine take place
in one of the three Accumulators, the Short, the Lower, and the Upper. One
of these normally contains one of the operands required by the instruction,
and then holds the result of the operation. In addition, the Upper and the
Lower are combined by some instructions to form an extended length accumulator
known as the Double, which permits a limited amount of double length arithmetic
operations.

The bus permits the flow of information between various wnits of the
computer,

The function of the control unit is to properly interpret the SODA
instructions in the correct sequence. Associated with it are four units known
as index registers, and their contents can be used to modify an instruction so
that different elements in & working storage can be selected using the same
instruction. This is quite desirable in cyclic operations. Indeed, it is
only by using these index registers that the programmer can reach the contents
of the working storage. This will be explained in detail at a later point.

The input unit consists of a Hollerith card reader and the output is a Hollerith
card punch unit. These provide means for placing information into the computer.
and for punching out results. :

INFORMATION REPRESENTATION IN SODA AND DEUCE.

Much of this section is taken almost verbatim from notes by Mr. R.G. Smart,
Senior Lecturer in charge of the Computing Laboratory at the N.3.W. University
of Technology, Sydney, Australia.

Numbers are dealt with in the machine ir standard binary form. Binary
numbers are similar to decimal numbers, except that the base is two instead
of ten. In decimal, each digit position can take on ten different values
0y 1y 25 cv0veses.9, and the digit position relative to the decimal point
indicates the power of ten by which the digit in that position must be multi=-
plied to give the number being represented, i.e. 365.25 is

3z 10° + 6 x 10% + 5 x 10° +2x10¢

+ 5% 1072

In an exactly similar manner, each "binary" position can have two-valﬁes, 0 and
1, and the digit position relative to the "inary" point, indicates the power

of two by which the digit in that position must be multiplied to give the number
being represented, i.e. .

10101 =1x22 40428 +1x2°+0x2 Tl s1x2? = s

To convert a binary number to a decimal number, it is necessary to add up
the powers of two corresponding with the places occupied by a one in the number,

€S
10110.0 = 24 +22x 21 = 22

To convert a deoimal number to binary, find the largest power of two which
does not exceed the decimal number, subtract this power of two, record a one
in the corresponding digit position, and find the largest power of two which
does not exceed the remainder, etc., until the remainder is zero, or sufficient
binary places have been found, e.g. to find the binary of 25.5.



Now (27 = 32) = 26,5= (24 = 1) . .. record 2% = 10000,00
(26.5 - 16) = 10,5

and (24 = 16) == 10,5 == (23 = 8) .%. record 23 = 1000, 00
(10.5 - 8) = 2.5

and (2% = 4)=> 2.5 = (L =2) . . record 2% = 10,00
(2.5 - 2) = 0.5

and (2° = 1) = 0.5 = (2 L o.5) " Tecord 2 = 0,10

and the remainder is zero,

« » 26.5 = 11010,10 in binary

Other conversion processes are available for use with desk machines,
It should be noted that the "oinary point" in a binary number has exactly
the same meaning as the decimal point in a decimal number, that is, it
divides the integral from the fractional part of the number, A binary number
with say five "binary places", has digits in five binary positions to the
fractional side of the binary point.

It is of considerable advantage to the programmer if provision is made
within the computer to indicate autcmatically the sign of every number as
well as ite magnitude. Furthermore, if negative numbers are repregsented as
complements, the design of the arithmetic units is simplified. Deuce, in
common with many other computers, thus uses the most significant digit to
indicate the zign of the number, and manipulates negative numbers as their
complements with respect to two. Thise is explained below,

For convenience of reference the thirty-two digit positions of the
computer word, in order of decreasing significance are referred to as
P

P P P Plo'

327 Fa, 30.......0.53, 0 By

(These actually appear on the console of Deuce in the order Pl’ P, P,
seeseney Poy Py P32.) We can also speak about Py, which'is £he Bext
position mére sfgnificant than P1r.  In single leng%h arithmetic, the P3 is
outside the word length and is 138t. With double length arithmetic howevér,
Pogitions up to P64 are available,

In Deuce, P,, is the sign digit, and only 31 digits are available to
indicate magnituds, This ig sufficig?t.for the equivalent of nine decimal
digit accuracy, and integers up to 27+ - l, i.e, over 2,000,000,000 can be
represented by the thirty-one digits. If a number is positive, it is
represented within the machine in its normal binary form. The number of.
binary places is not recorded by the computer direectly, but is controlled by
the programmer, and is chosen so that the numbers st any stage of the calcula—~
tion do not exceed the thirty-one digit capacity, and at the same time, as many
binary places as necessary have been provided to give adequate accuracy. If
the binary point is placed between.P32 and P37, we have igirty—one binary
Places and the largest number we can represent is (1 - 2 ), g0 that with
thirty-one binary places the positive numbers n cover the range
Oz + n. .+ 1, '

Negative numbers arc represented by their complement with respect to two.
Thus, with thirty-one binary places, the negative number -n, is represenied
within the machine as N = (2-n). This convention leads to a negative number
range of 0> -~ n= - 1 from which it follows that 2ll negative numbers have
a one in the P32 position, while all positives have a zero there.

For example: (remember we are considering thg binary point to lie
between P3p and P315 i.e. thirty-one binary placee)’

+ %—is'represented a8 0.0100,cevsavaess0
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+ 2 is represented as 0,1100.cciccnsoccsasD
(+1-2_31) is represented as 0.1111eeicevonoesassl

which is the largest positive number which can be represented to thirty-one
binary places., It should be quite clear that all positive numbers have =
gero in P position, while all negative numbers have & one in P, position
resulting %rom the decimion to represent negative numbers by the%% complements
with respect to two and the restriction of the number ranges (for thirty-one
binary places) to 0 <+ n = + 1, 0= =n> = 1,

Had we chosen to have no binary places, i.e. place theg binary point below

P1, all the above binary numbers would represent numbers 231 times as large,
%he 51gn convention would then become: represent the nvgatlve nu? grs -n as N=
(232 -n), and restrict positive numbers to the range: - 1) and
negative numbers to the ranges Q= =n == ~2
Thuss -

0000 scoessnarasss0l represents + 1

0111 tevescoseesesll represents + (231 - 1)
whiles

100 ooononnonaeonOO

<)

(232 - 231} represénts - 231

111 soo.eseenoseoll (232 - 1) represents = 1

To summarise then, positive numbers are represented by the digits P, to P
inclusive., Negative numbers are represented as a onc at P,y minus the magnitude
of the negative number. The largest positive number is represented by P, to P
inclusive being ones, and P zero, and the smallest by Py to P inclusive being
seros,; which always represengs zero., The largest (algebralcallyg negative number
" is represented by P; to P3p inclusive being ones and the smallest by P1 to P33
inclusive being zeros, and P32 being one.

It will be appreciated that if a number becomes too large in the course of
a calculation and oxceeds the thirty-one digit capacity, the result will generally
be incorrect. For example, working to thirty—-ome binary places

o
It

+ 00100 S 380 e R0EERES O

i

djo

-+ O.llo Se e B RNIOTPIREND O .

i

therefore (% + 4) 1.010. :00e0.0.0 according ¥o the computer, which in the signed
gonvention is (13 - 2) = "=, ingtead of the required answer of 1. This kind

of error must be guarded against.

It is useful to note that the sign of a binary number may be reversed,
within the sign convention adopted for Deuce, regardless of the position of the
binary point, by writing down the '"not" of the number and adding a Pi. By the
"not" of a binary number N, written as~ N, is meant the replacing of egch digit
by a nought or a one, whichever was not present in the original, i.e.

if N 1101011001

~ N 0010100110

Thus, given N = 21 to zero binary places,
N = 000 .......010101
~ N = 111........100020°

and <N = (UN 4+ 1) = 111........101001 = (232 - 21) which represents "-21" in
the sign convention.
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Or given -n = —%—to thirty-one binary places, this is stored as;

(2 -n) = (W)
~ (W)

It

lﬂolooﬂ..ﬂﬂﬂoo

Tl

O.lolll.ﬂﬁﬂﬂll L]
+ 8 =o(N) +1=0,1100....,..00 = + 2.

The process works either way and is independent of the poéition of the
binary point. A proof is given for interest.

¥ + (~¥)= 111111........11, i.e. 32 ones
whether N is positive or negative, and

N + (~N) +#P] = 100000.,...,.00, i.e. Py3
32

If we are working with integers, P33 = 277 and P1 =1

Therefore, (~N) + 1 = 232 « N which represents =N if N is positive.

and 32 zeros,

If N represents a negative number -n, then:— N = 232 -n

Therefore, (~N) + 1 = 232 - (232 -n} = +4n, the positive number of which N
is the negative representation within the macgine. A gimilar proof can be
applied to the case where P33 = 2 and Pl = o1,

Appendix III includes lists of binary numbers and their decimal
equivalents.

The contents of the accumulators, index registers, and varicus stores
may be viewed cn the two scopes on the console, The representation is in the
backwards binary nctation mentioned above where the digits of a word are
viewed, left to right, in the order Pl, P2, P3, '“’““”'P309 P31, P32.

It has been mentioned that double length manipulation of numbers is
Possible and that a double length number occupies two successive words of
storage, These numbers are made up of the sixty-four positions Pl to P6 o
or thesey, Py, is the single sign indication and Py to P6 contain magnitude
of the number. When doudble length constants or data aré”placed in the machine
in binary, positions Pl to P,. must be placed on an even row of the input card
i.e. rows ¥, O, 2, 4,76, 8 and the corresponding P33 %o Pgg must be placed on
the succeeding odd row; i.e. rows X, 1, 3, 5, 75 9. When the Double Accumulator
is used, the thirty-two least significant binary digits appear in the positions
usually occupied by the Lower Accumulator, while the thirty-two most significant
(including the sign) appear in what is normally the Upper Acoumulator.

Floating point arithmetic is also possible with SODA. These numbers are
of the form a x 2° where & and b are two normal gingle length numbers of the
type described above. 'a' is to thirty binary places and lies in the region
1 1 ’ . . -
Txa=<1l or 3= a= -1. 'b' is an integer to zero binary places and
should be kept to leass than 215, although ne error signal is given if 1t should
exceed this limit. This is approximately equal to 32,000 which, in practice,
represents noe resiriction. Calculation might result in error if 'b' passes tke
above limit. A4 floating point number of this form is said to be in standard
floating binary (s.f.b.) form. A floating point number is mero only if 'a!
and 'b' are both zerc. Use of flosting poiht arithmetic eliminates the worrying
about the binary point which is inherent in fixed point arithmetic., When reading
a floating point number intd the machine in binary the exponent 'b' is placed on
an even row of a card and the associated mantissa 'a' ig placed om the succeeding
odd row.

The floating point operations place a floating number in the Lower and Upper
Accumulators; 'b' being in the former and 'a' in the latter.

The SODA language employs alphabetic symbols which must be given a binary
representation during the transiation process. Appoendix III contains the binary
goding and punched card representation of the various characters available to the
rrogrammer.



CARD PUNCHING FOR SODA.

Following is a description of the punching required for 'SODA instructions.
Bach instruction is made up of four basic partss- the location of the
instruction itself, the operation that the instruction is to carry out,
the location of the operand or number which is being operated upon,
‘and the location of the next instruction to be obeyed in the programme.
One SODA instruction is punched per card.

A, Column 1 = Control,

Column 1 is the control column, The control numbers are punched in decimal
(1~5) and the use of these control instructions will be discussed in the section
"Control Cards". |

B. Coclumms 2-& = Location of This Instruction,

These five columns contain the location or address of this instruction.
This address is usually left blank., If it is blank, it is assumed that this
instruction follows the preceding cne, and is never jumped to from somewhere
else, When a group of operations follow each other, the programme will proceed
- along the sequence, translating the instructions, in order, as they are read in.

If not blank, this address must be symbolic in nature, A symbolic address
in SO0DA is composed of up to give alphabetic and numoric symbols. At least one
of the symbols must be alphabetic. If a numeric address is given in the location
of this instruction address, the machine assumes an error has occurred, and the
translation will stop until an alphabetic address is given.

A symbolic address nust be assigned to the first instruction fed into the
machine. Otherwise the translator will not know of this first instruction, or,
if it is the first instruction to be executed in the translated programme, there
will be no means of identification that it is the first instruction. A symbolie
address tust also be given whenever control jumps (¥), in any manner, to the
associated instruction, ‘

C. Colums 7-9 - Operationc

These three columns contain the name of the operation. It is three
alphabetic characters in length, and contains strong mnemonic references to
aid the programmer in both learning and using the operation code. The orders
permit various manipulations in single length, double length, and floating
point arithmetic., 4 list of the instructions is given in Appendix I, and 2
detailed account of their function is given in the section entitled "The SODA
Instructions'. '

These columms must not be left blank, and must be punched correctly to
select the proper operation, either in the standard order code, or from the
group of orders placed in the machine for use as standard Deuce subroutines.

D. Columns 10-14 - Loecation of ths Operand,

Colums 10-14 specify the address of the cperand. These columns may be
symbolic, numeric or blank. The operand is the actual number specified by the
. operand address. '

The symbolic address either refers to a constant, which has been previously
defined, or to an array of data, initially defined, which is placed in one of
the two working stores. In the latter case, the element of the array is
selected by the contents of one of the index registers. In addition to these
conditions, a symbolic address, when used with one of the conditiocnal jump
instructions, may specify the location of the point to which the jump is
addressed.

* a conditional jump instruction is cne which enables the programme to
branch to another point if certain conditions hold.
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If the operand location is numerie, it usually refers te either the spaces
in working stores, or various arithmetic units of SO0DA. The numeric values are
punched in standard decimal and must ‘be 0-95 or 100~107. 0-=31 refers to the
Physical thirty-two positions of working. store one, 32-63 to those of working
store two, and 64-95 to spaces for t emporary or constants store, Address 100
is the Shortoﬂccumulator, 101 fhe Lower Accumulator, 102 the Upper Accumulator,
103 = Py = 27, 104 = P, = 216 105 = P3p, 106 = 0, and 107 = =P, = ~2° =
all ones.

A number in these card columns may give the number of positions for shifts
in the shifting instructions, Too large = number in this address for each shift
instruction creates an error. The shifts must be less than 33 in length for
single length numbers, or less than 17 for double length numbers.

If a numeric address outside the -zbove limits is given, an error has
occurred, This may be fixed externally on the console.

When a blank occurs in the operand location, it is either unused in the
operation or this instruction is a Jump instruction. A blank in these columsg,
when jump instructions are used, means the Jump is to the next operation in the
sequence following the aotual jump instruction.

In addition to the above modes, the operand location may be used in a
special mannmer when a large group of elements are needed which do not conform
to a pattern suitable for step by step indexing, A4 programme of this type is
one which uses a large number of elements with each being operated on only
infrequently in a non~cyclic or non~repetitive nature.

- In this mode, an array is identified by giving it a name in the form of a
single alphabetic character, e.g. Y, in the leftmost columm of the five available,
When an instruction is written down to operate on an élement, the operand location
is written as Yle— j_». When instructions operate in thie mode; an index
register (5-8) must Ye specified., Index registers 5, 6, 7 or 8 overwrites
respectively the contents of regisfers 1, 2, 3, or 4 to select this ith element,
If the instruction is a floating point operation, the caloulation 2i + 1 is
~automatically made, and the corresponding position in the array selected, That
is, the element selected is that one found by counting back j (or 23 + 1 in
floating point operations) words from the last word in the array. A description
of the functioning of the index registers is given below.

E. Columns 15~19 - Location of the Newt Ingtruction.

These columns specify the location or address of the next instruction,
This address is usually left blank when a sequence of operations is being listed,
& blank assumes that the next instruction to be obeyed will follow on the suc—
ceeding card, in which case columns 2-6 of the next card must be blank.

If a symbolic address is given here, the next instruction of the sequence
must also have a symbolic address in the "Location of This Instruction" address,
unless the present instruction is a Jump instruction, For jump instructions,
either the Location of Operand, or Location of the Next Instruction or both,
must contain symboliec addresses., A blank in either operand or next instruction
address, means the programme will take one of the jump paths fo be the next
instruction on the following card of the programme being translated.

If a symbolic address is given as a location of next instruction, this
same address must appear as the location of this instruction (columns 2-6) of
some other SODA instruction (usually the next one),

F, Column 20 -~ Number of the Index Regigter,

This column punched 1 to 4 or 5 to 8 specifies which of the four index
registers is to be uged in an operation., The number iz punched in decimal and ,
if the use of index registers is not desired for the instruction, this column
remains blank. Index registers may be used only when the operand hag a symbolic
address referring to a data array defined by an arrays control card, when the -
operand is numeric, when the instruction calls for a shift, or under the special
condition deseribed in the operand address section above,
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In the first use, the operand can refer only to an array which has becn
placed into one of the two werking storages by means of a REWO .or EWT crder
(see below). The element of the array which is involved in the operation is
selected by counting back from the last element in the array a number of
elements equal to the number in the specified index register. Thus, the
last element is chosen if the index register contains a zero, the neat to
last if it contzins a one, and so forth.

Where index registers 5, 6, 7 and 8 are referred to {actually corres—
ponding to registers 1, 2, 3 and 44 respectlvely), the index register is
set to select the jth element of the array (or the 23 + 1 in the case of
floating numbers) which has been given a single alphabetic address, followed
by the 4 digit numeric address of the element within its array. This mode
was previously discussed under the location of the operand.

Index registers can also be employed in conjunction with numeric addresses,
In this event, the element selected with the index register set at zero is the
one in working storage one, working storage itwo, or constant storage indicated
by the numeric address. Other elements are reached hy counting back from this
element a number equal to that in the specified index register, Care must be
taken that the number in the index register never becomes sc large that the
programme atbtempts to select an element before the first position of the
physical thirty—two word section in which the given numeric address is
contained, as this will result in improper operation.

Thus, if specifyihg an element in working storage two, the programmer
must not attempt to reach an element before location 32, whieh is in working
store one, or after location 63, which would be in constant storage., Thus,
if the numeric address 93 is given along with a specification of index registex
3y indexing would occur in the constant storage, and the elemeni in location
93 is selected if index register 3 contains a O, 92 if it contains & 1, etec.
The maximum permissible value for the index register would be 29, which would
cause selection of the element in location 64. A larger number would result
in erroneous operation,

Index registers may also be employed with shift instructions with the
exception of the two pertaining o shifiting the Double Lccumulator. In- this
event, the operand of the instruction is ignored,. and the length of the shift
ig indicated by the number in the specified index register.,  Incorrect operation
will result if the number in the index register is greater than thirty-two. Zero
in the index register is used to apecify a shift of 32 places.

When using an index register for indexing purposes (it can also be used
for straight counting or temporary storage of any results),; the binary numbers
in them must be times 2 6, that is integers with 16 binary places.

G Columms 21-25 - Decrement,

The decrement iz contained in these five columns. A decrement may be
symbolic, in which case its numeric value is found in the corresponding constant
address, or it may be numeric, If it is a symbolic address, it must have at
least one alphabetic character in columns 22-25. Otherwise, it is exactly like
all symbolic SODA addresses., If the decrement is numeric, it may be either
pogitive or negatlve. A non-zero term is punched in column 21 fo indicate a
negative decrement. The four decimal digits of the number are punched in
colums 22-25, The decrement is employed in only 3 instructions (JIX, JXE
and JXH) and its use is explained under their descriptions.

He Column 26 =~ Specialforeard Jump Indication.

Column 26 must be given a non—-gero indication if colurms 15-19 specify a
previously unused symbolic address for the next instruction, and if colurmns
2-6 of the next card do not specify the same symbol as the location of that
instruction. This rule does not apply to conditional jump instructions.
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ITHE SODA INSTRUCTICNS.

This gection describes in detail the functions executed by all of the
SO0DA instructions. A thorough understanding of the preceding material is
assumed. Remember, the "Operand" is the contents of the storage location
referred to by the operand address (card cols. 10=14), and the number in
the index register, if specified. 411 instructions are indexable except
where otherwise stated. . They are grouped so0 as to provide easy reference,
and a complete likt is given in Appendix I. The number in parenthesis is
the identification for the trace. See below.

A.  Instructions Pertaining tc the Short Acoumilator,

C 48 - Clear and Add to the Short (1), The operand is placed into
the Short Accumulator. (When a number is transferred from a
store or an accumulator, a copy of that number remains inmbact
in its original store or accumulator. )

€S8 - Clear and Subtract from the Short (2). The negative of the
operand is placed in the Short Accumulator. :

A DS -~ ADd to Short (3). The operand is added to the word in the

Short Acoumulator, the result remaining in the Short Accumulator,

Incorrect sums result if the capacity of the acocumulator is
exceeded. This is known as overflow, '

S B 8 - SuBtract from the Short (4). The operand is subtracted from
the word in the Short Accumulator, the result remaining in the
Short Accumulator., Overflow may result.

S5 T S - STore the Short (5). The contents of the Short Acoumulator
replace the word indicated by the operand address. '

'S8 L~ 3hift the Short to the Left (6). The contents of the Short
Accumulator are shifted to the left the number of positigns
indicated by the operand address. If this is zeroy 2 shift of
32 position results, This operand address is always numeric,
with the -least significant digit being in the rightmest column
allotted to this address. The largest rernissible ghift is 32

positions; and demands for longer oncs may result in-an error in

the translation process. Zeros are inserted at the least
significant end of the accumulator and digits shifted off the
high order end are lost. This corresponds to a multiplication

by & power of 2 if no information is lost off the most significant

end, All shift instructions may be indexcd. In this cvent tho
operand address is ignored and the number of places shifted ig
equel to the number in the specified index register, which must
not be greater than 32, It is cautioned that if the #pecified
index register contains zero, a shift of 38 results. :

S 8 R - Shift the Short to the Right (7). The contents of the Short
Accumulator are shifted to the right the number of positions
indicated by the numeric operand address., If the operand is
zeroy a shift of 32 positions results. This address must not
be greater than 32, Digits shifted off the least significant
end are lost. The sign digit is unaffected and the results
remain correctly signed, This corresponds to a division by a

power of 2. Sec SSL for the meaning of an indexed shift instruetion.

L 4 8 - Logical And with the Short (8), The operand is compared digit

by digit with the word in the Short Accumilator, If two corres-

ponding digits are & oné, a one is placed in the same position
of the Short Accumulator. If either or both are ZET08, a Zero
is inserted in that bit position of the Short Accumulator.
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L 05 -~ Logical Or with the Short (9). The operand is compared
digit by digit with the word in the Short Accumulator. If
two corresponding digits are a zero, a zerc is placed in
the same position of the Short Accumulator. If either or

both are ones, a one is inserted in that bit position of the
Short Accumulator.

LN S - Logical Non-~equivalence with the Short (10). The operand
is compared digit by digit with the word in the Short Accumulator.
If two corresponding digits are of different values {one a 1
and the other an O), a one is placed in the same position of
the Short Accumulator. If both have the same value (both an O
or both a2 1), a zero is inserted in that position of the Short
Acocumulator.

B. Instructions Pertaining to the lLower Accumulator.

The following instructions are completely analogous to those already
described for the Short Accumulator. The letters in parenthesis refer to the
associated Bhort Accumulator instruction, and the descriptions given under
them are applicable if they are taken to pertain to the Lower Accumulator.

C AL- Clear and Add to the Lower (CAS) (11).

C 8L - Clear and Subtract from the Lower (CSS) (12).
ADL - ADd to the Lower (ADS) (13).
S B L - SuBtract from the Lower (SBS) (14).
S T L - STore the Lower (STs) (15).
8 L L - Bhift the Lower to the Left (SSL) (16).
"8 LR é_s_hift the Lower to the B_igh;t; (ssrR) (17).
LAL- _Iiogicai And with the Lower (LAS) (18).
LOL - .I_J_og.tcalgr with the Lower (LOS) (19).

LEL - Logical Non-equivalence with the Lower (LNS) (20)°

C. Instructions Pertaining to the Upper Accumulator.

The first ten instructions below are completely analogous to. those
already described for the Short Accumulator. The letters in parenthesis refer
to the associated Short Accumulator instruction, anhd the descriptions given
under them are applicable if they are taken to pertain to the Upper Accumulator,

C AU~ Clear and Add to the Upper (CAS) (21).

¢S U~ Clear and Subtract from the Upper (CSS) (22).

A DU - AD3 to the Upper (ADS) (23).

S B U - SuBtract from tho Upper (sBS) (24).

ST U - STore the Upper (STS) (25).

S UL - Shift the Upper to the Left  (SSL) (28).

S UR - Shift the y_ioper to the Rignt (STR) (27

L AU~ Logical And with gppef (L4s) (28)

L OU - Logical Or with the Upper (LOS) (29)

L N U - Logical ron-equivalence with the Upper (INS) (30)
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MultiP1¥  (31). The word in the Upper Accumulator is
multiplied by the operand. The product is correctly signed
and may be 63 digits in length. The 32 least significant
digits of the product appear in' the Lower Accumulator, which
has no sign connected with it. The 31 most significant digits
of the product are placed in the 31 least significant bit
positions of the Upper Accumulator. The sign of the eniire
number appears in the normal sign position of the Upper

Accumulator, The product can bo considered as a double length

number residing in the Double Accumulator. The binary point of
the product is located go that the resulting number of binaxyy
places is equal o the sum of those in the origiral two factors.

D I Vide.(22). The word in the Upper Acoumulator is divided by
the operand. The quotient is correctly signed, being 31 digits
in length, and is placed in the Lower Accumulator.: Certain
relationships must be thuroughly understood before using this
instruction. Let A represent the dividend (the word in the Upper
Acoumulator), B the divisor (the word indicated by the operand
address), Q the quotient, A, By @, R must be within the normal
sign convention for single length numbers. For division to
proceed correctly |A< |B L2311, 1A is negative and B positive,
this expression becomes fALﬁlB[<1231, The alarm will gound if _
this condition is not met. The number of places to the right of
the binary point in the quotient is equal to the number in the
dividend plus 31 minus the number in the divisor. A modified form
of the remainder, r; resides in the Upper Accumulator., The true
remainder, R, can be obtained by the following calculation:

R=% (%r + B).

- When an operand address is given specifying a double length it refers
$0 the least significant half of the number.

C3D

ADD

SBD

48D

S8D

STD

SDL

CAD- Clear and Add to the Double (33). The double length

operand is placed into the Double Accumulator.

— Clear and Subtract from the Double (34). The negative of the
double length word indicated by the operand is placed into the
Double Accumulator.

- AD4 to the Double (35). The double length operand is added fo
the double length word in the Double Accumulator, the result
remaining in the Double Accumulator. .Overflow may result,

- §g§ﬁract from the Double (36). The double length operand is
subtracted from the double length word in the Double Accumulator,
the resul? remaining in the Double Accumulator. Overflow -may
result, ‘

- Add a Single length word to the Double (69). Occasionally it
is advantageous to add or subiract a single length word to the
least significant half of the double lengtk word in the Double
Accumulator. The single length word indicated by the operand
is added to the double length word in the Douhble Accumulator,
the result remaining in the Double Accumulator. Overflow may
result, )

~ Subtract a Single length word from the Double (70). The single
length word indicated by the operand is added to the double
length word in the Double Accumulator. Overflow may result,

- STore the Double (37). The double length word in the Double
Accumilstor is placed in the operand.

- Shift the Double to the Left (38). This left shift is completely
- analogous to that described in the SSL instruction, if taken to
pertain to the Double Accumulator, with the following exceptions-
the amount of shift, taken modulo 100, must not exceed 186.
Indexed shifts are not permitted.
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Shift the Double to the Right (39). - This right shift is

completely analogous to that descrlbed in the 38R ianstruction

if taken to pertain to the Double Accumulator, with the following
exceptionsi— the amount of shift, taken module 100, must not
exceed 16. Indexed shifts are not permitted.

B, Instructions Pertaining o Floating Point Arithmetic.

The following instructions permit operations to be transacted with the
two word standard form of floating point representation described previously.
The Floating Accumulator is made up of the Lower and Upper Accumulators; the

exponent being

in the former and the mantissa in the latter. All floating point

‘operations, with the exception of CAP, CSF and STF, destroy the contents of the
Short Accumulator, When an address is given specifying a floating peint operand,

the address is

PRF

CAF -

CSF-~-

STF -~

FAD =

FSB-

FMP-

FDV ~

FSR-

FLG~

FEX -

that of the exponent portion of this operand.

PRepare a Floating point number (76). A number in non-standard

form is placed into the Double Accumulator. The exponent of the
non-gtandard form is in the Short Accumulator. The standard
floating number appears in the Floating Accumulator.

Clear and Add a Floating point number (40) The floating point
‘operand is “placed in the Floating Accumulator.

Clear and Subtract a Floating point number (41), The negative
of the floatlng point operand is placed into the Floating
Accumulator.

STore a Floating point number (42). The floating point word in
The Floatlng Accumulator is placed in the operand.

Floating point ADd (43). ™he floating point operand is added to
the fleoating polnt word in the Floating Accumulator, the result
remaining in the Floating Accumulator. .

Floating point SuBtract (44). The floating point operand is
subtracted from the floating point word in the Floating Accumulator.

Floating point MultiPly (45). The word in the Floating Accumulator

is multiplied by the operand, the result remaining in the Floating
Accumulator.

Floating point DiVide (46). The word in the Floating Accumulator
is divided hy the operand, the result remeining in the Floating
Accumulator. Division by O is detected, and the programme halts.
See Appendix IIb.

Floating point Square Root (47). The square root of the floating
p01nt number in the Floatlng Accumilators is placed in the ¥loating
Accumulator. Attempts to calculate the square root of a negative
number are detected, and the programme halts. See Appendix IIb.

Floatlng point LoGarithm (48) The logarithm to the base e of
The floating p01nt number in the Floating Accumulator is placed
in the Floating Accumulator. Indexing has no significance,
Range, — 30< b(exponent)< 32, a» 0 - may fail without warning
outside the range, see Appendix IIb.

Floating point E X ponential (49). e (2.718281828), raised to

the power indicated by the Floating point word in the Floating
Accumulator, is placed in the Floating Accumulator., Indexing has
no significance. Range, 0=212¢ 451 < 212 - will operate incorrectly
outszide range, see Appendix IIb.



F SN ~ Floating point Si N e (50). The sine of 11/2 times the
Tloating point word in the Floating Accumulator is placed
in the Float1n§ Accumulator. Indexing has no significance.
Range, See Appendix IIb,

-F C 8 ~ Floating point C o 8 ine (51). The cosine of 11/2 times the
floating point word in the Floating Accumulator is placed in
the Floating Aggumulator. Indexing has no significance,
Range, =x 0 See Appendix ITb.

FAT - Floating point Arc~Tangent (52) The arc—tangent times
2/11, of the floatlng point word in the Floating Accumulator
is placed in the Floating Accumulator. Indexing has no
significance.

F. Instructions Pertaining to the Index Registers.
All of the following operations are non-indexables—

L X P - Load an indeX register Positive (53). The operand is placed
in the specified index register.

"LXL - épad an indeX register positive Loss one (Tl). The operand,
decreased by a P17, is placed in the specified index register,

LXY¥ - Load an indeX register Negative (54). The negative of the
operand is placed in the specified index register.

ADX- ADd to an indeX register {55). The operand is added to the
word in the specified index register, the result remaining in
the index register.

8 B X - SuBtraect from an indeX register (56). The operand is subtracted
from the word in the specified index register, the result
remaining in the index register,

STX - STore an indeX register (57). The contents of the gpecl fied
index register are placed in the operand. ‘

Q. Decision or Jump Instructions.

All of the following instructions permit the selection of one of two
- paths in a programme, dspending upon the quantities in various units of the
computer. Both the operand address and the next instruction address contain
. symbolic instruction locations to which a jump can be made. The former is

* chosen if the condition specified by the 1nstruct10n is realised, the latter
- if the conditions is not met,

As is normally the case with next instruction addresses, cither the
operand or next instruction positions may be left blank, and the corresponding
. Jump condition then automatically leads to the next instruction in the SODA
programme pack. Of course, both addresses may contain symbolic addresses. Both
may not be blank., This error is detected, and the translation halts. For most
of the instructions, indexing has no significance. It is not permitted in those
operations employing a decrement. No trace identification number is asscciated
with these instructions as the trace does not detect them.

J 8 Z = Jump if the Short is Zero, A jump to the operand address
is made if the Short Aecumulator contains a zero.

J S P = Jump if the Short is E’_ositive° A jump to the operand address
is made if the sign digit of the Short Accumulator is s szero.

J L 2 = Jump if the Lower is Zeroc, A jump to the operand address is
made if the contents of the Lower Accumulator are zero.
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Jump if the Lower is Positive. A jump to the operand
address is made if the sign dlglt of the Lower Accumulator
is a gzero.

JLP

Ju g - Jump if the Upper is Zero. A jump to the operand address is
made if the Upper Accumulator contains 2 zero. '

J U P -~ Jump if the Upper is gﬁsitive. & Jump to the operand address
is made if the sign digit of the Upper Accurulator is zero.

J D Z = Jump if the Double is Zero, A jump to the operand address is
made if the Double Accumulator contalns a zero.

J D P ~ Jump if the Double is Positive, A jump to the operand address
is made if the sign digit of the Double Accumulator is a zero.

JIX=Jump on IndeX. The value of the decrement is subtracted from
the speclfled index register, the result remaining in the index
register. A jump to the operand address is made if this result
is positive. The capacity of the index register must not be

exceeded.
J X H - Junp on indeX High or equal. The value of the decrement is

compared with that in the specified index register. A jump to
the operand address is made if the latter value is algebraically
greater than or equal %o the value of the decrement.

J X E -~ Jump on indeX Equal. The value of the decrement is compared
with that in the specified index register. A jump to the
operand address is made if the two are equal.

H. Instructions Permitting the Black Transfer of Data.

R W 0 -~ Read into Working storage One (65). The array specified by
the operand is transferred into working storage one, The
original version on the drum remains unchanged. For some
purposes it might be necessary to realise that it is actually
the last track of the array which ie initially placed in the
thirty—two word storage representing working storage ocne, Other
tracks are brought in at the correct time and normally need not
be the concern of thé programmer. Indexing has no significance.

R WT - Read into Working storage Two (66). The description given
under EWO is applicable here if it is taken to pertain to working
- storage twe,.

W WO - Write from Working storage One (67). The array in working
storage on¢ is stored on the drum, in the array from which it
originally came. In actuality, the thirty-two words representing
working storage one are stored in the proper position of the array
on the drum. The operand address of this instruction is ignored
and is therefore of no significance. The name of the array
invelved can be included in the operand for clarification purposes
when listing the programme. Indexing has no significance. It
should be noted that the only time this instruction is given is
when a series of calculation on an array has terminated, or is
interrupted by placing a different array in the same working
storage.

WWT - Jrite from Working storage Two (68). The description given
under WWO is applicable here if it is taken to pertain o
working storage two.

1. Instructions Pertaining to Input and Output.

All read and punch orders are not tracezble.
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R D O - Real into Une from the reader. The binary information on

RDT

ERDC

RHO

PHT

PHC:

RDA

The next three cards in the reader is placed into the thirty—two
positions of working storage one, The first word read iz in
line Y of the first of the three cards, and the last is in

- line 5 of the third card. They go respectively to the first

and thirty-second positions of working storage one.,. Line 6

of the third card contains & check sum representing the sum

of the preceding elements with all overflows ignored. This
number is compared with a sum calculated by the machine during
the reading in process. If the two are the same computation
continues, If they are different, the programme halts with

2, 16, and 16 on the N, S and D lights respectively., Depression
of the single shot key ecauses the programme to continue. This
check ¢nsures that the information is read in correctly. The
operand address is ignored and, therefore, has no significance.
Indexing has nc significance. '

ReaD into Iwo from the reader. The description given under RDO
is appllcable here if it is taken to pertain to working storage
two.

ReaD a Card. This instruction hasz an absclute address from
T =31, 32 - 63, and 64 ~ 95 and reads the 12 rows of a card
within a working store or constant store beginning at the

-~ absolute address, e.g. if RDC 00034 was given, the card would

be read into spaces 34 —~ 45 of working store two. If RDC 00062

 was given, the 12 rows would be read into 62, 63, 32 - 41.

Not indexable.

PuncH from working storage Cne. The binary information in the
thlrty-two pogitions of worklng storage one is punched out onto
three cards in the punch unit. The first of the thirty-two words
ig placed in line Y of the first of the three cards and the
thirty~second word is placa® in line 5 of the third card. A check
sum of the elements punched, with all overflows ignored, is placed
in line 6. The operand address is ignored and therefore has no
significance. Indexing has no significance. :

PuncH from working storage Two. The description given under
PHO is applicable here if it is taken to pertain to working
storage two.

PuncH a Card. This instruetion punches from the working
storesg or constants store, and operates in the same manner
as RDC, Not indexable..

ReaD Array. The binary information on the next group. of cards
in the reader is placed on the drum in the erray position which
is indicated by the operand. The number of elements read is
equal to the number in index register 1, an integer to 16 binary
places. They are stored on the drum in such a manner that the
last element is placed in the thirty-second position of the last
track associated with the array, as defined previously by an
arrays control card. The numbers are read in 12 to a card
beginning at line Y of the first card. After the specified
number of elements have been read in, a check sum of all the
preceding elements, with all cverflows ignored, is read from

the next card row and compared with a similar sum calculated by
the machine during the reading in process. If the two are the
same, computation continues, If they are different, the programme
halts with 2, 13, and 13 on the N, S8 and D lights respectively.
Depression of the single shot key causes the programme to
continue. This check ensures that the information is read in

correctly. Indexing has nc significance.
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P H A - PuncH Array. The binary information in the array position
which is indicated by the operand is punched onto cards in the
punich unit, The number of elements punched is equal to the
number in index register 1, an integer to 16 binary places.
They are taken from memory in such a manner that the last
element punched is in the thirty-second position of the last
track assocciated with the array as defined previously by an
arrays control card., The numbers gre punched 12 to a card
begiming at line Y of the first card. After the specified
number of elements have been punched, a check sum of all the
preceding punched elements, with all overflcows ignored, is
punched onto the next card row. Indexing has no significance.

Examples of Input and Output Data.

Data read onto the drum initially as arrays is of the form given in the
section "Control Cards', under the discussion of definition of arrays. Data
read in or punched using the orders RDO, RDT, FHO, PHT, RDA axd FHA is of the
following forms-

The array is read in or punched out with the first element of the array
on the Y Row of the first card followed by the succeeding elements, Thus, for
an array of 65 elements the first 60 would be placed on 5 cards in order of
their appearance on the drumj the remaining 5 elements would be placed in rows
Y through 2, followed by a check sum of the slements on row 3 of the sixth card.
Mores than 32 elements may be read or punched at one time only by using an RLA
or PHA instruction.

In the case of RDO, RDT, PHO and PHT, the results, as they appear on
cards; either for read or punch, is as follows. Using working store 2.

Absolute Address

of Element Card Row
32 1 Y
33 1 X
34 1 0
62 3 4
63 3 5
(Sum of elements 32-63) 3 6

When handling flcating or double length numbers, theorder in which they
appear on the card follows the rules as discussed under information repregentatiocn.
It must be remembered that when absclute addresses are given for these double
length numbers, only even numbered ones are valid in specifying the number. The
single, even address together with an instruction implying two words is sufficient
to specify both parts of the number.

Assume we defined an array of 36 e¢lements with the last track number 215.
When an order such as Read Array (RDA) is given, the card punching and drum
locations would be as followsi=-

- —

Track . Pogition Card No., Row Elenent
on Track

214 29 1 Y 1
214 30 1 X z
214 31 1 o 3
214 32 1 1 ) 4
215 1 1 o 5

215 30 3 T 34
215 31 3 8 35
215 32 3 9 36

- - 4 Y Sum of Elements 1- 36.

4 X

=9 Blank
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If the array was already on the drum, as the result of & series of
calculations, the order Punch Array (PHA) would produce the above cards. The
number 36 would have to be in index register 1 in either case (as a Jbinary
integer to 16 binary places).

J. Miscellanecus Instructions.
HPR - Halt and FRoceed This instruction causes the computation

CWwWO

cCwWT

to stop. 1f the operand contains O, a 1 appears on both the S5 and
D ligkts. If the cperand contains a decimal number from 1 to 21,
the binary equivalent will appear on both the S and D lights.

This permits an indication at which pecint in the programme the

stop cccurred. This ingtruction is useful mainly when a new
programme is being tested, and it is desired to stop irn order

to view intermediate results or to initiate the trace faciliiy.

An address greater than 21 is an error and is detected by the
translation progremme. A symbolic operand address is not permiited.
Indexing has no significance. Depression of the single-shot key
causes the programme to continue in its normal sequence. After a
programne is made to work correctly, it may be reiranslated with
the HPR instructions removed. This instruction is not traceable;
and the instruction also turns of f the read or punch - when tracing.

SToP. This halts the computation. An alarm is sounded to herald
The completion of the calculation. A one appears on both the 5 amd
D lights, and depression of the single-shot key has nc effect.
Indexing hag no significancs.

STore a Zero (60). A zerc is placed in the opurand..

4Tore a One (61). A one (P;) is placed in the oporend.

STore an Address unit (62). AP
by the operand.

iz placed in the word indicated

17

STore a High position bit (63)., A Pyp {sign bit) is placed in
the operand,

STore a Minus one (64), Minus cne (all ones) is placed in the
operand.

ACtivate Alarm (58). The alarm is turned on., Indexing has no
significance.

StoP Alarm (59). The alarm is turned off. Indexing has no
gignificance,

- Read from the Input Lights (79). The contents of the input

lights are placed in the word indicated by the operand.

Write into the Output Lights (77 ) The cperand is accumulated
into the output llghts, the criginal version remaining unchanged.
None of the output lights are turned of f by this instruction.
Only new ones may be 1it.

Clear the Output Lights (78). The content of the output lights
are set to zerc. Indexing has no significance.

Clear Working storage One (72). The thirty-two physical positions
of the Deuce machine correspondlng to working storage one are set
to zero. Indexing has no significance.

Clear Worklng storage _Two (73). The thirty-two physical positions
of the Deuce machine corresponding to worklng gtorage two are sét
to zero. Indexing has no significance.






