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O.

INTRODUCTION

It 1s the purpose of +this +thesis +o glve a number of

deslignas for +the logical construction of an automatic computing
machine. They all will be based on the same prineiples.

The paper consists of +thres parts. Part 1 describes the
logical saystem of an existing computing machine, called PTERA.
& new project for a machine, called ZEBRA, was obtainsd by
elaborating the fundamental idea of PTERA, and by removing some
objections inherent in PTERA, while, moreover, +the logical
structure was simplified as much as possible. The logical system
of ZEBRA will be discussed in Part 2.

The structure of both designs gave rise to some theoretical
problems concerning the greatest poasible simplicity that ocan be
realised. These problems will be discussed in Part 3, and they
will be eluclidated by means of the design of & machine (called
machine ZERQ) discussed by the author in an earlier publication
and by the designs of some struotures which are even simpler.”)

For these designs the corresponding systems of conventions
for programming are of great importance. This holds mors for
ZEBRA +than for DPTERA, bDecause in +the case of +the former a
simpler deaign was aimed at, which involved, however, more
diffiocult programming. :

All the machines operate in the purely binary system.

Computing machines may be divided into *wo main groups:

1. Machines whieh store +their instructions and the numberas on
which +they operate in separate parts of the store, and often
also put them into the store along separate paths.

2. Machines in which instruoctions and numbers are stored in the
same store.

- Machines of +the first category are mostly equipped with a
unit by means of whioch +the oourse of the programme can be
influenced bdy oertain numbers. Thus it is possible 4o make the

- machines of the first category perform everything which machines

of <{he =second category perform (see Part 3). Machines of the
second category are able to caloulate with their own instruct-
ions and are much more flexible, This thesis will deal with
machines of the second ocategory only. The two categories cannot
be olearly distinguished from one snother, bescause there are
also mixed forms.

~ Zhe parts of every automatioc computer are:
1. Store

 2a Ari‘tma'ﬁic unit

3. Control
4. Input unit{s)
5. Output unit(s)

 ﬁ} W. L. v; de Poel. A simple electronic digital computer. Appl.
Sci. Res., B2(1952)367.
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4, The <function of +the store is the storing of data and
intermediate results of a computation. These data are not only
numbers but also instructions indicating what must be dons,.

The store may be envisaged to be divided inte several
numbered boxes, each of which can contain a word (number or
instruction), These boxes will be called registers, and their
reference numbers will be called addresses.

The registers can be situated either in space (2ll of them
being accessible at +the same +time), or in time sequence (an
access +time Ybeing required to read a number in or out). These
forme are ocalled parallel and serial storage respectively. The
digits within a word can also be in parallel or in serles. Often
a store is operating partly in parallel and partly in series,

A machine can be provided with some type of storage having
a different feature, e.g. 2 large but slow store backing up =

small but high speed store. ]

For +the sake of economy a magnetic drum has been chosen as
storage for PTERA and ZEBRA, For a large and moderately quick
atore this is the cheapest solution at the moment. In both cases
a serial represenitation of the numbers will be made use of. 32
numbers are placed on a cilrcumference. Sevexral (32 and 256
respectively) tracks are available in parallel, only ons track
being used at a8 time.

The principles gliven can be applied, without further
considerations, t0 stores with ocomparable Ffeatures, such as
electric or acoustic delay lines.

~In ZEBRA a small Ddbut high speed store, consisting of delay
lines, is used besides the drum storse.

2. The arithmetic unit is the part in which are performed
the actual arithmetic operations such as addition, multipli-
cation, et¢., and also logical operations like oconjunction and
shifting.

The arithmetic wunit 1n most cases consists of one or more
registers destined +o accumulate sums. These registers will be
called acoumulators,

| It i8 not necessary that the arithméetic unit should have
the facility of oarrying .out all the arithme$ic operations.
PTERA has been provided with maltiplication and division
facillties, which is not the cass with ZEBRA, By meana of pro-
- gramming these operations can be built upr from their more
elementary parts. In Part 3 it will be investigated what

funotions the arithmetic unit should at least be able to per-
farﬁh\ . ’ /

| 3o The contrel co-ordinates the functions of the arithmetic
~unit and the store, and it extracts the instructions from the
store in the right séquence. |

In th_a machines to be discussed a great part of the control

'ﬁh';ﬂ“ C ek a n ae e

rm ':,fm B ™




-3 -

operations is often performed in the arithmetic unit. Conversely
the control ocan be provided with an adder which enables it to
compute with instructions,; so that especially with regard to the
machines to be dealt with here, 1t is not possibles to make a
strict discrimination between control and arithmetic unit. Often
they will +together be -designated by "operational part of the -

machine™,

1t is just +the structure of +the control which has +the
easential characteristies +that distinguish the machines to be
discussed from other machines, Normally the following phases can
be distinguished:
a. the extraction of the instruction from the store;
b. the taking over of this instruction, setting up the correct
route for the words in executing this instructions
C. the extraction or storing of the operand and the performing
-~ of the operation |
d. the +taking over of the address from which the next instruci-
ion must be extracted,
Mostly +the phases a and ¢ require a whole word time and the
actions b and 4 are performed in the interval between the words,
80 that if +the word +time is considered to be the eiementary
périod, the phases a and b together form the 1st period, and the
phases ¢ and d together the 2nd period. This first period will
be called the instruction period and the second period will be
called the operation periocd.

As %o the machines dealt with in this thesis it will appear
that no essential difference between +the +two =aid periods
exists. Often in PTERA and ZEBRA +these periods can be digw
tinguished +to a certain extent, but there is no rigid alter-
nation of operation and instruction period. Moreover, the two
periods are treated technically in perfectly the same manner and
in +the same unit. In ZEBRA the two periods are even perfectly

ldentical. Instruction and operation period have a dusl charach-
er.,

An instruction is composed of two parts, a functional part,
briefly called operation, and an address part containing one or
more addresses, The addresses designate the locations of the
operands, and +the operation gives the task to be performed on
these operands, Sometimes an operation can be given implicitly
by means of an address with a special function.

According to the nuﬁber of addresses applied, one-address,
two-address, three-addreas, and four-address codes and even
more-address codes can bs disztinguished,

The address in the one-address machine csn only designate
one coperand, +the other operand is situated in an accumulator,
The instructions to be executed in succession are often situated

at sequential places . of the store., PIERA snd ZERO are purely
one-address machine. \

. In ZEBRA the two-address oode is applied, The functional
character is dependent on the instruction used and can be the
same as the character of a one-address machine, but it is also
posaible 1o make use of one or both addresses to indicate the
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location of the next instruction.

Threo-address machines use either all three zddregsses for
an operation in the form A4 op B —>C and then have the instruct-
ions in normal sgsquence, or they use the third address 4o
indiczte the location of the following instruction,

Pour-address machines often also have an cperation of the
form A op B—C and wuse the fourth address for the designation
of the location of the nsxt instruction,

In PTERA +the control unit 1is +reated in the following
special manner,

If we indicate the oontrol by C, the arithmetic unit by A,
and the store by S, the following will take place during the

instruction period:

A |

‘and during the operation period:

A | ctp_g‘::g{ian C

The first figure shows that the arithmetic unit is not used
for computing. fThe address from which the instruction has besen
extracted, must, however; be increased by one to extract the

- next instruction from +the next address. In PTERA and ZERO +the
Bame arithmetlc unit is used for the adding procedure. |

ZEBRA has two different forms of storage, a sma.lll but 'high_

speed store (called gshort store) and a large but, as regards

-
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average accessg time, slower drum store, If the drum store is
indicated by DS and +he short store by S3; both addresses {(a

short address and a drum address) can be used in the following
four mannersg:

Case 1 is called adding jump. (The transition A — S8 need not
be of actual importance). Operation period and instruction
period coincide here,

In case 2 both addresses are used for +the contrel. This is
called a double Jump, ,
In case 3 both addresses are used for the arithmetic unit. This
is called a double addition.

Cage 4 1is called the jJjumping addition and can be used together
with case 2 to make automatically variable instructions (B-tube
facility, modification).

| It 1s a common feature of all systems +hat alsc the
extraction of an instruction in itself is an instruction with an
address and an operation part, This operation paxrt is maintained
when the. address iz advanced by unity and especially in ZEBRA it
has a very important function. For this rezson the instruction
cycles have ag important an arithmetic function as the pure
operastion cycles.

4. The task of the input unit is the feeding of data into
the machine., Here standard teleiype punched-tape will always be

used as a medium. The {tape may bhe considered as an auxliliary
store with immense capacity. |

5. -Thae output unit is used to take the results ocut of the
machine and put them on a medium such as paper or magnetic tape.
With PTERA use has been made of a modified electric typewriter.
For ZEBRA a normal teleprinter will be applied. The output may

be elither typed cut or punched on a tape.
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Part 1. PTERA

1.1 Considerations concerning the selection of parts for PTERA

When +the consiruction of a computer is started, 1iis
character will for the greater part be determined by the kind of
store and the components t¢ be used, The choice of these details
is .mostly dependent on economical factors. Among the 'v‘a,z-it'ms
types of stores, the magnetic drum is outstanding for its
gimplicity and low price, and that is why this kind of agatore

has been chosen,

It is nvossible to extract the digits in parallel from the
various ‘tracks of the drum, but this procedure requires 1in any
case separate writing and reading apparatus for each itrack,
which is rather expensive., Moreover, the time rsquired <o find
successively an instruction and a number at an arbitrary place,
will yet be <+he time required for one revolution. (An improve-
ment may be obtained through opbtimum programming, but then a
number of high speed registers must be available). It will
therefore be simpler to store the numbers serially. Then there
will =always be only one track operating at a time, o that a
common reading and writing apparatus suffices.

.The character of the store makes it very suitable fFfor the
recording of information in binary form, which in itself need
not be an impediment to making a decimal machine, as use can be
made, if desired; of a hinary coding for the separate digiits. It
is, howesver, not to be denied that the arithmetic unit, and more
particulariy +the multiplication and division units will become
more complicated. For a machine which will be used mainly for
gcientific purposes, ithe number of computations will as a rule
be large with 1respect 10 the rumbher of data which have to be
treated; such in contrast with machines for commercial appli-~
cations, which have to perform relatively few operations on many
data. Furthermore in the Ceniral Laboratory of the Netherlands
Postal and Telecommunications Services there had already been
developed a binary adding and multiplying arrangement coniaining
only 4% valves plus 1 relay per digit place., Therefore it was
decided to make the machine purely binary.

The firat question +to be faced, if the binary system is
used, is: in what manner must negative numbers be represented
inside +the machine? This c¢an be effectuated by stoxring the
number in the store as an absclute value and mign, or it can be
done In complement form %) Ag, normally, the numbers inside the
machine need not be considered by the operator, the use of

*) If & number P consists of the digits p_, PygsaccessensD s and
the point is between 12 and Pys © n

¥

p = (1 - 2};:9) ije“j is called {the modulus & sign system

gt
P = ~p, ¥ J;p jZ‘-"'j_ is called the complement gystem
. =_==' g(pj - pc} EMj is called the pseuvdo-complement or
I A inverse system |

WL
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the complement form alsoc in the store is certainly preferable,
the more so as in that case a uniform process for adding and

subtracting can be applied, it being able to treat the sign
digit in the same way as the other digits.

There is st1ll a ©possibility to choose between the pure
complement form and the pseudo-complement form. In machines in
which only operations in series are carried out, the Pure GOM-
plement system can Ybest be used becauss it does not rTequire a
carry-around. {See parits 2 and 3).

For machines which nevertheless require a parallel adder
for +the multiplying unit it 1is recommendable +to apply the
pseudo-complement or inverse gystem, because it has the facility
that a number can very easily be made negative (replacement of
O's by 1'8, and conversely) so that many instructions can have
an additive as well as a subtractive variant. That is why the
pseudo~complement system was chosen for PTERA.

The number of binary digits in a word is determined by the
character of.the computations oceurring normally.Because of the
fact that 109 is sultable and just a little smaller than 230, a
word length was chosen of 30 binary digits plus sign digit.
Apart from that, this ochoice is rather arbitrary.

Experiments showed that +the choice of 32 tracks, each of
them with 32 numbers, could be realised very well. The number of
revolutions chosen is 2400 revolutions per minute: the packing
density has been safely chosen at 3 impulscs on a2 mm.

The Erinqipie aﬁ_ﬁhe system

Ag already mentioned, +the store bas been composed of 32
tracks, each of which containing 32 31-digit words. The dis-
tribution of the digits of the words on a track can be arranged
in many ways, twe of which will be mentioned here, wiz,:

1. The digits of the words can be consecutive impulses, so that
a whole number becomes available in about 600 ms. There is a

- walting +time +%ill +the number required paséas the reading
- heaad, | _

2. Bach of +the numbers can be diatributed on the track in such
a manner that firet all the first digits of the numbers come
out of the store, then all the second digits, etc. So the
reading of a2 number always requires a complete revolution.

Bacause of <+the following considerations the second system will

- be used in the machine: :

a. In syastem 1 the whole number entera in 600 as, while nothing
happens for the greater part of the revolution.

b. In system 2 +there iz so0 much time between the consecutive
digita of a word that 2 whole parallel addition can be made
in the interval, a thing which would be much more difficult
with system 1. -

It is a drawback of system 2 that the extraction of an instruct-

ion and a number always requires 2 revolutions against 1

revolution in system 1. Moreover, system 1 can be made suitable

for optimum programming (See part 2).




1,21 Adding and multiplying

To add a number which comes out of the store in sexries,; to
s number which 1is already present in a register of the arith-
_ matic uzii't;, actually only one adding mechanism is required which
: can add one digit at a time (if a%t leaat the numbers are added
from right to left). In order to carry out also a multiplication
in one revolution, at leaat 31 adding mechanisms are required
gimultaneously to make it possible to add the multiplicand in
parallel to the partial result, while the multiplier, coming out
of the store in serial form, ocontrols the additions, Once we
have got these required 31 adding units, we can as well add two
nunbera, +the most aignificant digit coming first. So Wweé may
8t111 ohoose betwesen having the numbers in time sequence with
the most significant digit as first digit or with the least
significant digit as first digit.

[T P
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When multiplying is carried out from right to left { =0 when
the least significant digit of the multiplier is dealt with
first) only an arithmetic unit with 31 adding mechanisms is
required to obtain a product of two 31-digit numbers, becausse,
when each partial product is added, we get on the righit-bhand
side a digit which does not change further. It is, however, a
drawback +that we do not know the sign digit of the multiplier
beforehand, as this digit enters only as last digit.

When multiplying is performed from left to right it is
possible that, when the last addition of the multipliocand to the
partial 1result of double length has been made, we get a carry
of 62 places maximum., So then 62 adding mechanisms are required.
It i3 an advantage that the sign that leaves the store as first
digit, is known directly at the beginning of the multiplication,
gso that it oan be taken into account with the treatment of ths
8igns.

;_- It is not objectionable +that we may get a carry-over of 31
] places maximum, when adding takes place from left to right, be-
cause in any casge 31 adding mechanisms are available,

T e A T B R I e O A R R L R e

The divislon process can also be effected in an elegant
manner, Division is, however, an operation in which the digits
of +the quotient are always produced from left to right. Also in
connexion with the advantage that the sign digit comes first,
the system has been chosen in which the most significant digit
comes Tfirst, notwithstanding the drawback of +two regiaters
having complete adding facllities. Apart from that,this second

adding unit plays an active r8le in the ocontrol for advancing
the address count.

Addition is performed in series. When the digits shif+% into
3 the arithmetic wunit, the most significant digit comes Firast.
| When multiplications are made, and the digits of the miltiplier
leave the store, the most significant digit also comes irats
so at each addition the partial result must shift one place %o
the left in the arithmetic unit. When divisions ars made the
partial result moves one place to the left between every two.

additions, - while +the quotient is produced with the lefimost
digit coming first.
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From +this it appears that an arithmetic unit is required
which with every elementary addition (either of = whole number
or of one digit at a time) always moves the result one place to
the leof+t.

3y the application of +this rigidly built-in facility of
shifting to the 1left the technical construction is much simpli-
fied.

A digit place of the arithmetic unit can be represented as
follows:

 5h
¥

[

bt btk i mwﬁ‘

r-
|
g —
oy | | ] ¢
el ; - Lf -t}
; i
Sﬂ ; l B 5’4 i ﬂx
§ _ — 1
i 1
| i
L — R - _J
a
y

X and y represent the digits of the numbers to be added, cy is
the transfer from the previous place, s' is +the digit of  the
newly formed sum, 8 is the sum digit recorded on the previocus
cccasion, and.cu is the transfer tc the next place.

The whole stage consists of two parts indicated by A and R.
A is the actual sum—former which, as quickly as the switching
time of the element permits, forms the sum s' as scon ss the
digits x, y, and ¢ have been applied. The part B is a storing
element which records an offered digit s' at the moment when the
so called shift impulse sh is given., The recorded sum remains
statically available at the output,

By interconnaating these elements in the following manner:

Cin

o

&n arithmetic unit 1is obtained, which always shifts and adds
- Bimultaneously. In each digit place the digit to be added plus
the sum digit of +the previocus place plus the carry-over from
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the previous place are added. Then the.prcceﬁa of serial adding
can be represented by:

| | a+b .
C_ a )
o : -

(The situation which results is drawm).

The number which is already present in the arithmetic unit
is ecirculating while +the digit of ‘ths number to be added is
being added tc it. After the number has ecirculated, the register
will contain +the sum. This register is called the accumulator
(indicated by A). (In the logical diagrams +the registers are
always drawn in such a manner that the numbers are present in it
as they are written, on aper, S50 with the least significant
digit on the right-hand side?

&

1.22 The multiplier

For {the mul+tiplying process four registers are fundamenital-
ly required: one for the multiplicand, one for the multiplier
and two for +the product. It has been shown by VON NEUMANN
et al. ﬁ) that it i8 also possible 1o work with three registers,
the multiplier and +the least significant part of the product
having one register in common (See part 2). The two registers
for the product will be formed by the double-length accumulator,
of which A will be used for the least significant part of the
product and the other register B for the most significant part.
For the moat significant part we shall introduce the term "head!
and for the least significant part the term "tail". The re-
gister for +the multiplier is situated in the store. The digits
of the multiplier leave this register sequentially. The register
for +the multiplicand has been constructed with relays and will
be called the relay register (indicated by R). The reasons why
no electronic register has been chosen are the following:

1. The register need not be able to compute, and it need to be
loaded only once in a revolution., Technically +this can be
realised in a very simple manner (a half valve plus a relay
per digit place).

2. In +the non-energised condition a relay of the type applied
can remember a digit because it is bi-stable.

3. The relay contact can serve wvery well as a gate for the
digits of the multiplier,

The block schematic diagram for the multiplication is:

Sl

| *} A. W. Burks, H. H. Golddtine, John von Neumann, Preliminary
discussion of +the 1logical design of an electronic computing
instrument, 2nd Edition. Princeton, N¥. J, The Institute for

Advanced Study, 1947. |
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The incoming digits of the multiplisr determine whether the
multiplicand is either or not added to the double-length A and B
rogisters, The shifting facility of A and B provides for the
shifting of the partial result. It is also pointed out that the
multiplicand is supplemented on the 31 digit places of the head,
to assure that the correct sign digit is formed.

The divider

The division oprocess i1is in nmany respects the inverse
operation of +the multiplication, So in the division there are

"alsc 4 numbers of single length: a double-length dividend, a

divisor and a quotient which will bes supposed to be of single
length, In contrast with the multiplying process the tail of the
dividend need not be operated upon; while the division is pro-
ceeding, the tail can arrive from the store. The subtractions
are always of single length and can be performed in A. The divi-
sox 13 present in B and the guotient, which is formed just by
the c¢arry-overs, with due consideration to the sign rules, can
£flow into B, The determination of each digit of the quotient is
done in two parts, viz. subtraction of the divisor in any case,
and the cancelling of this subtraction by adding it back again
if +the operation in question cannot be performed. The carry-
over digits determine whether the divisor can be subtracted or
not. The adder is operating fast enough to enable these two
additions 4o be done in the same time in which otherwise ons
addition takes place,

The block schematic diagram of the division process is:

_ N - o Cu
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1.3 The systematios of the instructions

One of the fundamental ideas underlying the design of PTERA
is the funciional use of soms digits of the operation. (The same
idea is used in ZEBRA in a much more extended form). As a matter
of faot the same notions play a r8le in many operations, It is

useful to have both an additive and a subtractive wvariant of

each kind of operation, Clearing, too, is an important factor.
Either of these two functions has got a functlional digit in ths
operation, A8 the relay register cannot be filled in a dirsct

manner it was desirable to make the taking—over into the relay

register after an instruction dependent on a functional digit.
These three Ddinary digits o¢an be sxpressed in an cctal diglt,
which indicates +the varisnt of the instruction. If we alsoc want
to he able %o indicate the kind of instruction by an cotal
digit, we can only indicate eight different instructions in this
manner, which is insufficient. It is, however, not necessary to
make the functional taking-over digit available for zall kinds of
instrugtions, A Jjump =should preferably Ileave the computing
reglisters intact, and consequently needs never t0 take over 4 in
R, whereas 1in +the +typing process tsking-over is constantly
nacessary for sgetting up the next digit on the typewriter.
Therefore such provisions have been made that foxr the operations
with octal numbsr O, 1, 2, and 3, giving the kind of operstion,
the taking-~over digit also is of influence on this kind, whereas
this is not the case for the species 4, 5, 6, and 7.

The arrangemeni of +the operation and address digits in an
instruction is:

{ 17 1 VT R ] R ~ - r - .
© 123 456 789 0 11 12 13 14 15 iéi}”g Egmzr.' 222;;;' 25252; Eszr;so
_— e e—— SRR, |
Insiruckion
i , -k ———— e e e}
o;.)e.mttwn address
righl-hand. left-hand
digit digit
! L taking-over digit
| wnyersion digit
- clear digit

The digit place 13 determines whether clearing will take place

or not. ¢13 = C means clearing; C13y = 1 means non-clearing. The
digit place 14 determines whether inverting will itake place or

not. o4 = 0O is‘the additive variant; ¢14 = 1 is the subtractive
variant. The digit place 15 determines ths taking-over. ¢

= O
meéans no taking-over, ¢15 = 1 means taking ovexr in R. The1gigit
place 16 indicates whether the digit 15 is also of influence on

the kind of instruction, If ¢16 = Oy 045 i8 of influence, and if
€16 = 1, ¢15 18 not of influence on the instruction.

The kinds of instructions are indicated by
CO: stop 40t add

20 | 01: input

10 store | 50: prepare 11t output

2{3; Jump - 60: multiply | 21: round off
3(}3 taﬂt, i - T0s divide | 11: conunation

e e TR, WA TR A Y T -

rrera 5 o, = P



- 13 -

So of 40, 50, 60, and 70 all eight variants ars present, each

of +the kinds 00, 10, 20, 30, 01, 11, 21, and 31 having only
four variants.

Though in +the computer +the octal digit determining the
sapecies 1s behind the variant digit, it is written in front in
the notation. I+ would have been possible 4o choose another

solution but Tfor historioal reasons this arrangement has been
maintained.

The action of the instructions

The action of the instructions will be described by means
of a table indicating <the route of the numbers in each operat-
ion. This can be done in two ways:

a. A description can be given of the real course of affairs, in
which the extraction of an instruction is consequently also
conslidered as a separate instruction.

b. A phenomenological description can be given, in which each
ingtruction is consldered as $ake instruoction + do operation,
Thig desoription need not at all correspond with reality ,
1f only the programmer obtains the right results by means of
it., For details of. ™)

We shall only dsal with the description wunder a. The
carrying out of each insitruction always consists of two phases:
the extraction and the taking-over, During +the extraction pro-
cass under the control of the instruction which has already been
set up, the word-transport +akes place, during the taking-over
process the route of the words has to he changed in accordance
with +the new insiruction., The new instruction is always taken
over from C to Z, which will not be discussed further. (Cf."*%)

In the notation an arrow will indicate: .. goes to register

ses+ The new contents of a register will be indicated by an
accent,

The tranaport to R is always effectuated during the taking-
over of the new instruction.

By (n) will be denoted the contents of register n. In the
same way (A) will denote the contents of the acoumulator A.

(n) .

Conversely the notation )x( = n will be used when x

fi

S

%)_ W. L. v. 4, Poel, Het programmersn voor PITERA. Het PTT-
Bedrijf, 5(1953)135.

%% W, L., v. d. Posl. Ds werking van PTERA. Het PTT~Bedrijf,
5(1953) 124,
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Pable of operations

Sto
n/00 3 (;}) + ¢>C  (A)—B (n)-»A Stop the machine
n/DE 3 (B) + £—=C (I"&)_’B - (n)“"A T It T
n/04 : (B) + e-»C (A}*"’B (A) + (n)—=A e 7 2
n/06 : (B) + £-C (ﬁTL*B (A - {(n)—4A " " "
Stora
n/10 + {B) + ¢»C (A)—B (L)—n +0—A4A
n/12 + (B) +e—-C (A)—>B - (A)=n +0—4A
n/14 (B) +e6—C (A)—3B (A)—>n
n/16 1 (B) +e-—»C (A)—3B - (A)—m
Jump
n/20 : (€)=3  (n)=C After 20, 30 tes+ts on x
n/22 s (¢)—=»3 (n)—cC °
:jzz : Eg;:i EB:Z After 24, 30 tests on a_
n/28 1 (Q)—=38 (n)—C After 28, suppress punching
First 20-operation after a 50-operation
n/20 : (B)— A, (¢)—»B (n)—C Switech off extrz place
n/22 }-Same a8 above
n/28 i
Seoond 20-operation after a S50-operation
n/20 i (B)=4 (C)—=B (n)—~C Switch off the circulation
n/22 }Sarae as above
n/28 :
Test
With 20 am intermediste jump
n/30 ¢ (B) + (1 + r,)=>C (4)—>B (n) —A
n/32 ¢ (B) + &(2 - r )-—>C {A)~—B = (n)—a
n/34 + (B) + e(1 + r))=>C (4)=B (a) + (n)—a
n/36 : (B) ¢+ &(2 = x )~C (aA}=B (4) - (n)—>A
With 24 as intermediate jump &
n/30 1 (B) + &(1 = a )—+C (4)—3B (n)—24
n/32 : (B) + &(2 - a.g)-—rC (L)—B - (n)—a
n/34 + (B) + &(1 + a)—=C (A)=>B (&) + (n)—=A
n/36 + (3) + &2 ~a)—»c (A>3 (a) - (n)—a

TTHT B L T . .
e ' = - e T e T T . .- e e o
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Add
n/40 : (B) + €—=C (A)—B (n)—»A
n/41 : {(B) + e—~C (A)—3RB (n)— A (A)'— R
n/42 + (B} + e~»C (A)~3 - (n}—4
n/43 2 (B) + €e=C (A)—3 ~ (n)—a {(A)'—R
n/44 : (B) + e=>C (AY=3B (A) + (n)—a
n/45 : (B) + €»C (aA)>3 (A) + (n)=>1 (4)'—R
n/46 + (B) + e»C (A>3 (4) - (n)—4
n/47 + (B) + e=C (AJ—B (a) - (n)—a (4)'—R
Prepare
n/ﬁ@ : }Identical with corresponding 40-operations &
n/S? =‘} switch on circulation and extra place
Multiply (unprepared)
n/60 : 1st stroke (B) ¢ £—¢C O—s B C—4
2nd sgtroke k—3B 8 - A
where k + s.¢ = (n).{(R)
n/61 : 1st stroke (B) + £—¢C 0— 3B O —= A
ond stroke k-— B s—=A4A (A)4aR
where k 4+ 8.8 = (n)}.{(R) |
n/62 S‘Tﬁt stroke (B) + &£-C 0—B C—A
2nd stroke k—3B 8 —sA
where K + 8.8 = —(n).(R)
n/63 : 18t stroke (B) ¢ £—C C— B 0— A
2nd stroke k—s B g—=4 {(A)%“s»R
where k + s.& = —(n).(R)
n/64 : 18t stroke (B) + e—»C {(A)>3B sgn{A)—sA
| 2nd. stroke k-—»B 8 — A
where k + 8.8 = {(A}.8 + {n).(R)
n/65 + 18t stroke (B) +&£—-¢ (A)—B sgn{A)—4A
2nd stroke k— B s—+4 (A)'—R
where k + 8.8 = (A).e€ + {(n).(R)
n/66 : 1st stroke (B) + £€-C (A)—B sgn(a)—a
~2nd stroke k-—B 8 —>A
| where k + 8.8 = {(4).& - {n).(R)
n/67 + 1st stroke (B) + £6-»¢ (A)—B sgn(aA)—A
2nd stroke X — B s—~A (A)'—R

where kK & 8,8 = (A4).& - _(ﬂ)e(R)
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On an unprepared 64, 65, 66, and §7 operation the circulation

is switched on.

Yultiply (prepared with a 50-operation)

n/60 1

n/61 . , . .
/6 Tdentical with corresponding unprepared insiructions
n/62

n/63 :

n/64 : 18t stroke (B} + £—C sgn(ﬁv)-—zB (Av)w—aﬂ_v

2nd atroke % —> B 8a — A
where k 4+ S.&€ = (A) + (n).(R)
n/65 . 13t stroke (B) + &£-C 3gn(A?)“ﬁB (Av)ﬂrﬁv'
2nd stroke x — B 8 — A  (A)'—R
where k + 5.8 = (4) + (n).{(R) |
n/66 : 1st stroke (B) + £—C 3gn(£v)~93 (AV}H’AV
2nd stroke k —= B 8 — A
where k + s.£ = (&) - (n).(R)
n/67 : 1st stroke (B) # £-C sgn(4_)—>B (51;)_,;.;;?
2nd stroke kx — B B — A (8 R
where k + 8.8 = (4) — (n).(R) | |

Dividse
n/?O s (B) « &E=2C g—B r—=A
n/7T1 + (B) + e»C q—»B 1r—=A (A)'—R
where q.(R) #+ rT.& = (4) + (n).e
|l <i(a)l agn r = sgn(4)
21/72 : (B) + £-»C q-—»38 -+ A
(B) 4+ E-=2C g—38 Ts A (}'1.) '—» R

n/73 @
where a.(R) # r.& = (A) - (n).£
v} <K sgn r = sgn(A)
The sign of (n) is ocompletely disregarded. ?

Input |

n/01 1 (B) + €(1 ¢ u4)-+c (A)~»B u.{n)—»4 (A)'-R

n/03 + (B) + g(2 ~ u4)-+c (A)—>B u.(n)-—a-b. "(A)*—R

n/05 1 () + (1 + w,)—>C (AV>B  (4) + w.(n)—»2 (A)'—R

n/07 1 () + &2 - u,)=C (A)=B (&) + u.(n)=>4 (A) =R
On switohing off the input operation: sfep iape. |
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Identical with n/61
Identical with n/63
Identical with n/6%

Round-—-off

n/21 ¢
n/23 :
n/@S :
n/27 1

(B)
(B)
(B)
(B)

¢+ E—=2(
& B>
&

+ £ 20

+ g-=0

Conjunction
(B) ¢ e»C

o S T
W W
(3 SRR U

A result O produced by: 04,
553 563 5?; 05; 073 253 273 351 or 37 is always &0 .

(B)

3 & (

(B) + £—=C
(B) +£—C

: Identical with n/67

(4)—3B
(A)—B
(AY~B
(af—>=

(A) B
(4)— B
(AY—>B
(A)> B

- 1T -

and type/punch the four/five most

significant digits of (B)!

(A) %

(4) +
(ﬁ) 4+

conj (n);(A)—A
conj -(n);(A)—4A
conj (n)3(a)—4
conj ~(n)s(a)— A

(A)'—R
(A)'— R
(A)'— R
(A)'—=R

(L) *—> R
(A)'— R
(L) '— R
(A) >R

06, 34, 36, 44, 45, 46, 47, 54,

M b B R, B 20T 1 AN




1.41 Additionngpd_ipmgl

The various kinds of operations will not be discussed se-
quentially, but in groups velonging together.

The operations 10, 20, and 40 will be elucidated by means
of a simple programme:

b e e B A R

100 200/41 (200) = a
101 37/44 (37) =1
102 |  37/10

103| 120/20 ‘

: The following process will then be effesctuated in the
reglaters; '

e R A T A R R P Pt T

3 c B A R
i _ 100/20 | x ¥
: | 200/41 | 100/20 |
: g 101 /20 X g s 2
3 ' =
: | 37/44 101/20 |
g 5 e # ol
S 102/20 7| = . aas+ b
- E
37/10 | 102/20 |
e ~t
103 /20 4, &a+hb 0 8 ¢ D-—>n
120/20 <, 103/20
stc. 120/20 0 8

As is shown, the instructions contained in the programme alier-
nate in register © with the 20-operation shifting to and fro
within +the control. Only when there lsg a2 Jump in the programme
the oirculating 20-operation is replaced. The normal alternation
is then interrupted. This can even happen n times at a satretch
if new jumps have constantly to be executed. This dinterrupiion
of +the alternstion: 2C-operation ~- other operation is one of
the esgentisl characteristics of this kind of machine (Cf. Part
2}, It appears from +he beforegoing that the instruction oycle
must be considered as a normal operation cycle. That is why the
address counter does not only contain an address but also an
operation part.

This principle can briefly be formulated as follows: the

contents of C determine +the course of the numbers for the next

% ST instruction. The %beforegoing implies +that there is no longer

E an sssential distinction between an instruction and an operation
g | ’ cycle,

fé' f_é | The interruption of +the normal alternation by two times
s - (C)—B in succession +tekes place after every jump. By an arti-
- L | fice also +he interruption of the normal alternation in the
.S § - other direction (by having +two times (B)~+C in auccassicn) can
oocur but +this is seldom of practical imporitance (Cf. 1.61 and
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1,62). In ZEBRA, however, thers exists a complete duality be-
tween the two types of interruption.

The following should be elucidated too: the adding of unity
to the 20-operation present in B is not effectuzated while shift-—
ing into the register, but when it shifts out of it to C. The
reason 1is that if +the adding process would take place while
shifting into +the register from C to B, as would have been the
normal course of affairs in a serial sadding unit, an & has to
be generated somewhere. This & is the last impulse in a word. So
to produce it the number of digits has to be counted off some-
where, It is much easier to produce an impulse on the first than
on the last place. That is why an & is added, whilse shifting
out. This & is generated as first impulse. A8 the register al-
ways shifts first and then adds, +the addition of & must be
effectuated at the y input of the place B29.

In the table 4" indicates & number that need not be equal
to A, Decause the sum shifting +to B does not get the right
carries from A.

e 42 The test instructions

The test dinstructions 30, 32, 34, and 36 are operating by
adding & or 26 to (B) when the latter shifts to C. This depends
on the sign of R or A, Originaily only the testing on R had been
provided, bui afterwards the need of testing on A was also felt.
The character of the intermediate jump determines whether test
is made on R or A, As long as a 20-operation is circulating as
an intermediate jump, R is being tested; in case of & 24—-ocperat-—
ion A is being tested.

In order to avoid +that an instruction will be lost during

tests, the arithmetic action of 30, 32, 34, and 36 is equal %o
the action of 40, 42, 44, and 46.

- 3 Multiplication

When two numbers of single length are multiplied, a product
of double length will result. In the machine the multiplicand
mugt always be set up in R and the multiplier must be extracted
during the 60-operation. The head of +the product is zlways
formed in B and the tail in A. The tail has no independent saign

diglt but a sign digit which is made equal to the aign digit of
the head.

Multiplication 41is performed in two phases, Technically it
appeared not 1o be possible to add 1o the number shifting out
of B and to use B gimultaneously in the double-length accumul-
ator. In the first phase there always takes place (B) &+ £ — C
and the clearing of the number which is already present in A or
the extension of this number to the double length. In the second
phase the actual multiplication process is performed.

Not always are both +tail and head required. If only the
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$2i1 is required, the non-prepared instructions 60, 61, 62, and
§1 are used, The head appearing in B is automatically lost in
the subseguent 20-operation. An application freguently used ig:

YE(/60 = (R)—= A
Ye(/62 + —(R)—A

e

I+ i evident that the head can never ba recovered from B
to A without further provisions. For this purpose the 50~opsrat-
iong are used.

From an arithmetic point of view the 50-operations perform
the same task as the 40-operations but, moreover, they operate

two devices, +the extra place and the circulation. These devices

have +the following function: +the circulation provides for a
connection between B and 4 so that the contents of B ocan flow to
A during the subsequent 20-operation:

e

L’ 8 [ A

The extra place is a 31st digit place of the accumulator 4,
a place which has only shifting facilities and no adding facili-

. ties. The exira place creates a possibility to set up the number

to be added (in a non-clearing multiplication) or the dividend
(in a division) shifted back over one place. Then the number is
not present in ap - a30 but in a4 ~ ayq. This is necessary
because +the constructidn of the accumulator is such that first
shifting takes place and then adding. |

The extra place is only required when the multiplication
and the division are being prepared; it is switched off afterx
the first 20-operation coming after the 50-operation. The
circuiation must remain active after the multiplication to get
the head of +the product from B to A or to obiain the guotient
in case of a division process. The circulation is switched off
on the gecond 20-opsration coming after the H0-operation.

_ The 50-operations can be used with the instructions of the
11, 20, 60, or 70 type.

A representative example of the use of the multiplication

is:
n| Ja(/40
nst | )b(/51
‘ne2 |  )o(/65
a3 | k(10

In this example the following activities are pérforma& in the
- registers: |
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C B A R

- S S—

n/20 J
ya( /40 P n/20
n+1/20 i a

“a J

(/51 | me1/20 )
n+2 /20 ‘: a —_ b

c/65 ™ ne2/20 |

K.ﬂ"“

n+3/20 s8gn a a
n+3/20 N k 4
Yk( /10 P ne3/20 k k — atore
n+4,/20 <

In this multiplication a is added to the head of the product of

double 1length.
brought back intoe A by &(/60

rounding off.

The

tail

can  be

taken over in R and éan be
can be used directly for

In the following example the circulation is not operated by
a 50~operation but by a non-prepared non-clearing multipli-

cation.
n Ya{ /41
n+ Yo( /40
ne2 | )e(/65
n+e 3 Yk(/10
In +this example the following activitiss are performed in the
registers:
C B A R
n/20 |
Ja(/at | n/20
n~3-1/20 f:w ]
)b(l/z.;{',} g nm/eo_f#_,
ne2/20 | a b
Jo(/65 | me2/20 |
n+3/20 < b “ sgn b a
ne3/20 | k J = >
Yk( /10 j n+3/20 o k—s4 11
n+d /20 “ k— gtore

- The special feature of these instructions is that independ-
ent of the 50-operations they activate the circulation, which is
necessary to obtain the head. In these non-prepared non-clearing
maltiplications a single-length number is added to & double-

At T e S B I b WL TAL e A . o Lo [ L T AR T "
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length product in the tail, carrying over into the head. This is
the only occasion on whioch a double-length addition is ef-
fectuated. So all double-length additions must be programmed by
means8 of the instructions for muiltiplication.

The instructions 54, 5855, 56, and §7 shift a mutilated
numbher from A to B. These mutilated numbers can nevertheless bhe
used, if only it is exactly known in what mannser the mutilation
is effected. The rules holding in this case are very complicat-
ed, That is why the practical rule has been accepted that these
cperaztions may noti be ugsed for non-clearing multiplications. On
Further consideration it will be realised that by means of the
operations 52, 54, and 56 no more can be obtained than by means
of 50, Therefore they are never used.

1«44 Division

Az in the division process the gquotient originates in B,
2]l +the divisions require the prepare instruction to make the
quotient go again from B to A, In a cerbain respect the division
~is the reverse of the multiplication. 50 in general a double-
length dividend must be divided by a single-length divisor. The
divisor 1s placed in R, the head of the dividend (shifted over
one place +$o +the right) is sget up in A4 and the tail of the
‘dividend is issued by the store during the division process,
This +ail has a separate sign digit, which, however, muat not
play & 1r8le in the division process. The sign of the tail is
automatically ignored Dbhecause the firat digit taken into 4 is
coming Tfrom A3 and not from +the store. Normally it may be
agsumed that the =sign of the tail is the same as the sign of the
head of +the multiplicand. The instructions 72 and 73 can serve
to take 1in the +$all of the dividend 4if ite sign does not
correspond with the sign of the head. A specific example of +4hs
dividing process is the following: -

n| k(/40
nel ya(/51
ng2 ys( /71
ne3 | Ja(/10
In this oprocess the following sctivities are performed in the

regigters:
C B A R

A LIPS i - Y ks

n/20
Yi( /40
n+1/20 f:
)a(/s1
n+2/20 f: k d ~—> 4
) s(/T1 ns2/20 k
ns3/20 <1 q T —ts T

1

n/@O

ns1/20

*-“‘

NN A
\




c | B A | R
T e ‘“:;\;:“. L S - L
0
Ya(/10 | ne3/20 Q | T
n*4/20’£f q->8tore

It is possible to make use of a non-prepared division. In
such a case it is impossible to obtain the quotient so that the
instruction is only practical, if we want to know the remainder.
As the divigion still considers the shifted contents of A to be
the head of +he dividend, this division is only of practical
importance, if the head 18 zero and the divlidend consequently is
positive. For arithmetic problems, which require operations on
numbers modulo n the non-prepared division has some sense,

145 The prepared jump

The +third and very important application of the 50-0perat-
ion is the use before a 20-operation occurring in the programme,
In organising programmes we use sub-~programmes for small parts
of the problem, which must be constantly repeated (e.g. the
determination of a sine). A4 7programme (main programme) must
have +the facility of caliing in such a sub~programme, which,
after it has finished its acitions, must return to the main pro-
gramme and proceed at the location following the location where
1+ came Ffrom. Often a datum is carried on te a sub-programme,
from where it may return with one or more results,

The HO-operation provides =a simple means to obtain ths
intermediate Jump inatruction, whieh is present in B, intoc A
through the ciroulation. The standard equipment of the main pro-
gramme and the sub-programme will always be:

n y=(/51 8 gsm/10
nsel | 8 /20 ’
n+2 ete. (sem

Then the following takes place:

C B A R

n/20 B
)x(/51
n+1/20 f:

8/20
sem/10 | |
ss1/20 < | | ne2/20—>sam

, ;

t
L 1
L !
¥ !

Sy

1
¥

§
; | . '
g+m/20 ~ ™{x) a{x)

ne2/20 . sems1/20

will i mile i
A

etc,. ;

If as first instruction in a sub-programme a 20-operation

.
-
I-.-""‘.-
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should follow, the return instruction in A is maintained all the

same, because after the 20-operation the circulation is switoh-

ed off.

The round-off operations

In +the mul%tiplying process 1t 18 necessary %o have the
facility +to round off products of double length to products of
gingle length. This is not possible during the multiplying pro-
cess bhecause there is no input free on A4 to add the round-off,

After +the multiplication the produet is split up into two parts
so that it 18 no longer easy to add a round-off fto the tail

with carry-over to the head. That is why a special round-off
instruction has heen provided.

The 1rules for rounding off in the inverse system are the
following:

TP k=40 : k' =k ¢ ifisl=2"" ; otherwise k' = k
If k-0t k' =k ~g if|s|=2"

It dis this very function that is performed by )e{/25. As some
instruction digits are wused functionally, =2ll +the varianis
are present without extra equipment bYeing required.With soms
variants special tricks can be dons.

otherwise k' = k

The conjunction operations

The operation conjunction operforms the logical maltipli-
cation of +two numbers diglt by digit and is useful for +he
cutting away of parts of an instruction. The structure is as
follows: The number already present in A opens or closes a gate
which either or not passes the digits coming from the store.

3] bj | b

. S — - !
:, a

fidpe- o

In the table the result of a conjunction is represented by:

F &
conj (n);(4) = ~E‘Z!{nja.j -n.ary = njaj

The atop operations

- As  to their arithmetioc action the stop instructions are
perfectly identical +to +the corresponding instructions 40, 42,
44, and 46. lNorseover, they stop the machine, After the start key
has been depressed, the machine resumes the programme. The atop
instruotions are uséeful to be written instead of & - 40=-in-
struction at oritical places in order to give visual indication

of important intermediate xesults when a programms is being
tosted, | |
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1.49 The input operations

‘When data are being put into the machine, conversion from
decimal +to hinary scale must normally be performed. This con-
version can best be carried out in the arithmetic unit itself,
but -then +the input instruetion must prefersbly be adjusted to
this conversion, which can be made most easlily by multiplying
the symbols which are read consecutively, direcily during the
reading process by the corresponding power of 10 and 4o add the
result in the accumulator, Technically this can be realised very
easily by letting +the punched-tape reader replace the relay
register. Then the multiplication is made quite analogously to
the normal multiplication with +the restriction that a double
length product 1is not nseded in +his case, That is why thse

acoeunmulator 1s only used over single length and the operation
need not be performed in two phsases,

, ‘The drawback of the before-mentioned system of conversion
is +that a fixed amount of digits has 4o be put in. Therefore it
will be more convenient in practice to multiply a symbol by 1,
to add it dnto A =and te multiply The number obtsined by 10.
After this the next digit can be read in again. This process can
best bDe performed cyclically. Then there must be a possibility
to leave +this c¢yocle, and this possibility can be found in the
fifth hole of the tape. For the representation of the digits in
the dJdecimal system only four holes are required. The prssernce
of the fifth hole ¢can be wused as a marking. The input in-

struction tests on +this marking, and according to it skips o
does not skip the next instruction,

The symbols on 'bhe mmched—-'bape are rapresen’cad. bys
4,113,1:.2,111,11 s 4,11 = u4, ﬁu 23

From the +table it can be seen that u.(n) is always added,
Subtraction would %be =smeldom of any use. All the reading in-
gtructions f£ill R, because 1t must be possible to multiply by 10

immediately afterwards. After having read the symbol the tape
steps to the next symbol,

In the notation on paper the presence of the fifth nole is
denoted by a stroke ( /} behind the symbol. As the tape is hexa-

decimal it is sometimes useful to be able 4o denote the symbols
=10 3 _

10=8 311 =23 12=0c313=4d; 14 =@ 3§ 15 a ¥

1.491 The ou'bgg t operations

At the  output numbers must be deconverted, Just as it ids
possiblie 1o make +the input instruction specisally suitable for
conversion, the output instruction can be made specially

~suitable for deconversion. The deconversion process is based on
multiplying & fraction by 10. Then the head of the product is’ a
deconverted binary ocoded digit and the tail must be set up for
the next multiplication by 10. So the instruction is essentially
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a maltipliocation, Pherefore the action of the output instm?'h—
jons has been made identical to the action of the correaponding
multinlication instructions. The typewriter always itypes the
teotrad formed by the rightmost 4 figures of the head. If the
purich is switched on and opunching 1is not suppr?ssed, it
punches the pentad  formed by the rightmost five digits of the

head.

Tf a number of typing instructions would be given in suc-
cession, only 75 ms would be available for each symbol, if the
speed of +the 11-instruction would be the same as the spesd of

-the normal multiplication instruction. The +typewriter can,

however, no% follow #this speed. Therefore an extra walting
phase, which does not affect anything, has been inserted into
the typing process between the first and the gsecond phass.

The various tetrads whioh are possible are typed on the
typewriter as followa: |

0000 ¢ types O 1000 : types 8
0001 @ " 1 1001 ¢, g
0010 s, 2 1010 : T
o011 ¢« ,, 3 1011 s w -
Q0100 ¢ . 4 1100 s " .
0101 : " 5 1101 : ecarriage return, line feed
o110 =, 6 1110 : tabulates
o111+, 1 1111 : types space

1.492

When intermediate results are typed out, it is often de-
sirable to type but not 4o punch the argument, the space hetween
twe numbers, extra line feeds in the lay-out, etc., 8o that the
tapes produced thus can wlthout further measures be used as
input data. Foxr +his purpose a facility has been provided to
suppress punching., If the intermediate Jjump instruction is a
20-instruction, +{yping and punching take place; if, however,
the intermediate Jjump instruction is a 20-instruction + 2"‘72,
punching is suppressed. A suppression jump already affects an
immediately preceding iype dinstruction. This is caused by the
fact that the typing actually takes place after the third phase
during the subsequent jump. The same also holds for the releas-
ing of the punch suppression with a normal 20-cperation.

The 20-instruotion + 2=12 is written in the programme as 28
and read in by the input programme as "Yoctal digit greater than
"« It 1s possible that the punch suppression churs together

with the testing on A. Then a 24—instruction + 2-12 is required,
whioh can be written as 2o, '

The __2?_amtatiana

It is often desirable to have the facility of interfering

._in' ‘the course of the programme; dependent on facts observed
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visually (6.g« sub~tabellation in +the neighbourhoed of

A
maximum, suppression of undesired intermediate results, etc.).

For +his purpose the 21-operations have been provided with
2 speclal device. Wihen a 21-operation is increased by 2—-12

(which may be written as 29) the functioning as regards the con-
trol will be:

n/29 : (B) + &{1 & xI)—aC

in which Xy = 0 or 1 dependent on the position of & switch
which can be operated from the keyboard. Thus the course of the
computation o¢an be Influenced during the operation of the ma-
chine. This switeh 1is oalled selection awitch I, and is
functioning when 312 is present in the operation.

In the same manner the selection awitches II and IIT have
been provided on 44 and S40° Their function is:
n & 2"11/21 2 (B) + £{1 « x__[I)—s-C
n + 2"19/21 : (B) = &1 « XIII)-—.#C

For the reat the operation functions as a normal 2i1-~instruction.

1.5 The manual keyboard

fTERA 1s operated by means of a keyboard containing the
following keys:

The satart key. The function of this key is self-ex-
planstiory.

The stop key. By means of +this key a programme can be
stopped. If the =stop key is being depressed while the machine
has already been stopped, a single instruction is being carried

out., This step by step operation is often useful for checking a
programme oYy the machine.

F

The clear key. By means of this key in fact the reglater C
is oleared by Dblocking off the entrance of C and starting the
machine., So in C +the instruction 0/00 comes, which, becauae
(0) = @ also clears A and B. Furthermore the control is brought

into a condition as if the previous instruction has been a 20~
operation, See further p. 31.

The +hree selection switches, The function of “these
switches has already been explained with the 29-operation.

The only function of the other keys on the keyboard is to
provide +the facility of loading the machine if the wholse atore
is empty, and +the facility of executing instructions manually
+to test the machine. A switeh called OV deprives the machine of
- 4dts autonomy. In +that case & new instruciion is not extracted
from ¢ but from a set of switches on which an instruction can be
set up manually, There are eighteen of such switches, i.e.
twelve for +he address and six for the operation. A swiich
called AH provides the facility of switching over from the siore
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to two keys "O" and "1" by means of which a word can be brought

manually into the acoumulator {(or any other destination which is
normally possible).

Programming

In the paragraphs which are now following, some examples of
programming will be given., These examples mainly serve for the
elucidation of the system of oconventions as it has been szdopted
in +the wuse of PTERA, It is by no means the purpose t0 give an

exhaustive account, rather +than to highlight some programmin
peculiarities of the PTERA code. |

The input programme

50 far only +the functioning of the machine as such has besn
dealt with. The wvarious instructions and their action have been
discussed elaborately. So +these are only the potential possi-
hilities, An automatic computer owes its valus mainly to the
library of sub-programmes, which must, however, be written in a
general form independent of the acitual location where they are
put into +the store in a particular application, This form is
determined by the system of conventions, which is not directly
determined by +the machine. It is possible to build up various
systems of conventions, but for each type of machins it holds
that +the instructions are most suitable for a specific use, Or
rathers +he system of instructions has been designed bsforshand
in view of & particular system of conventions., Such a system is

always a compromise between what is easiest for the programmer
and what is simplest for the machine,

The sgtructurs of the system of conventlons is mainly deter-
mined by:

a. the use of sub-programmesg
b. the input programme.

g. In +this machine Jumping to a sub-programme and stoxring
the return instruction by +the cperations 50 and 20 is a very
easy procesg., That is why all the independent parts of "a com-
putation will be brought in the form of a sub-programme. In R =
datum can bhe +taken aslong and in A and R two results can be
carried %back. If only one result need be carried back this will
always +take place in A and R. Series of coefficients, ssries of
working vregisters, ete. will often alse be brought in the form
of a sub-programme, though exscution of these programmes is ocut

of +the gueatlon., Then they can be used by means of the normal
cods digits and serial numbers,

b, The dinput programme is used to feed programmss and
numbers 3into the machine, The most important thing is that the
numbergs and addresses must be converted from the decimal into
the %binary aystem. A second function of the input programme is

to 4$ranslate +the general oceding of all sub-programmes on the

tape inte +the specific addresses in the problem concerned, All
the tapes are ocoded beginning at O relative. While these re-

ok, A R o b o0 T waep

*
1 R o 5 T A A R 4 T b BB

s b AR -
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lztive addresses are being put in, they are adapted to the place
where +he programme will really be placed. This is given in a
g0 called fixed parameter. There are eight of these fixed para-
meters (the reference points with respect to which the relative
numbering takes place) available,

The requirements +that we shall impose on the input pro-
gramme are:

1., It must start on register O, so that with cleared A, B and C
the machine begins at O when +the start key is being de-
pressed,

2. Tt must be possible to put in the addreases of the instruct-
jong in such a manner that no non-significant zercs need be

« punohed.

3. 4 code digit indicates with respect to what parameter the
beginning must be countsed.

4. By means of an input indication it must be possible to start
input at an arbitrary locationg such an input indication mus¥
slisoc be able +to use the parameters. Ancther type of input
indication must start carrying out a2 programme that has besn
put in, at a certain address.

5. It must be possible to put in numbers by means of the normal
input programme during input of instructions.

6. When special activities have to be performed during input, it
must be possible +to leave the input programme without des-
troying +the possibility of continuing input at the point
where it was interrupted. |

The input programme runs as Tollows:

—= "0 0/ 00 Stop. Start of input programme.
A 13/e0 Jump to 13.
"2 £
"3 M M= e
114 2""'1 8
e 2“""; )
"6 2; Congtants
"7 107
ug | 2"“1 |
"9 1088
"10 10¢
111  16E
"2} 35/44 .
17— 131 35/10  Qlear 35
25:33;13 o 2/03 Read code digit
'mlijwﬁd 45/20 If stroked: jump to 45

Thi).il?u._cr...; Wheeler. Programme organization and initial orders for
the EDSAC. Proc. Roy. Soc., 4202(1950)573.
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14 —» 16 12/44 Form parameter instruotion and put it
T2 — 17 22/10 } in 22

18! 20/20 _ Jump to 20

L S 21 — 19|  10/60

) 18 — 20| “210_5_ _ Read address

21| 19/20

a0 —»( 22 35@3/44 Add parametsr

J* _2_3_ - “4161 _ Read lefit—hand operation digit

. 24 __6_5_1_[_2_0__ If gstroked: invert word

:; 23 __!:22 o 5 [91 _ Read right—band operation digit

26 30/20 If stroked: replace store instruction

Eg :?; n/10 Store instruction. (n/10 or n/20)

A8 —» 28 27 /40

% 29 2/44 Add 1 to store insitruotion

26 —» 30 27/10

31 ___14/20 Return to 14

Bach instruction on the tape 1ls written as:

; | code digit =address / operation
o % The meaning of this dis:
% o o afop = (35 + ¢) + afop
' ji | | So when the address is being put in it is increased by the con-
N tents of vregister 35 s+ ¢, the regisier where the oth parameter
R E | is located. Parameter O in 235 has been reserved for absolute
Y addresses, so 35 is always ¢leared. 36 has been reserved for the
L beginning of each sub-programme during input of that sub-pro-
; gramme.
i ha
; . The actual input programme starts at 14. The code digit c
* is read. If the code digit has no stroke, 15 is skipped. On 16

the instruction 35 + o/44 is formed, after which it i=m placed in
22, Then +the address is read in and converted by msans of the
eycle 19, 20, and 21. The last digit has been marked off by
means of a stroke at which it jumps from 20 to 22, where the so-

called parameter instruction is carried out, The parameter 1is
added, the first order digit is read into the machine in the
S right place, 24 is skipped, the second operation digit is read
oI U and 26 is skippsd too. On 27 there is the so-called store in-
B struction, which puts the instruction into the store. On 28, 29,
| and 30 +the store instruction is augmented by 1, so that the
next insiruction 1is put into the next register. After this the
P procedure is repeated. |
§ To determine at what loocation input must be started, an
= T input indication is given at the beginning. By an input in-
N dication are meant all the tape combinations which ultimately do
not enter +the store, By stroking the last operation digit ths
s 3 ;
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storing instruction is replaced. So when n/1G{ is on the tape

n/10/ is taken in, 26 is not skipped, and (30) replaces (275
by n/10, after which the input starts at n.

This 1is also +the method to leave the input programme in
order to carry out the programme at m., Then +the storing in-
struction is replaced by m/20. Another instruction has to be
taken in as yet, after which the programme runs into 27 and
Jumps to m,

When +the machine is Ybeing started, +the process is as
follews: A, 3B, and C have been cleared altogether by means of
the clear key and +the machine has been brought into the con-

dition as if the previous operation has been =z 20-instruction.
Then the following takes place:

c B A
0/00 L mwaiffﬂ 0/00
1/00 0/00 . 0/00
0,/00 o/co | = 13/20

3
0/00 < 13/20 ﬂf,» 0/00
L f:

13/20 < . 0/00 0/00

35/10 |~ 13/20 | 0/00

14/20 etc, |

The first normal instruction is the clearing of 35, as is al~

ways required. After that the programme starts on 14.

In +the starting procedure there is the exceptional situat-
ion that the Y“operation cycle" occurs some times in succession.

For various reasons it is desirable to be able to lsave the
input programme and to recontinue it without affecting the
storing instruction, This ia done by means of the strcked code
digits. This is one of the reasons why the code digit is placed
in front. Then already from the beginning it is known whether a
normal instruction or a sgtroked code digit is following. The
function of the sastroked code digits is determined by the con-
tents of the first track (32 - 63), running as follows:

32 |
33 Available for special purposes

34 | | Code digit
35 0/00 | . 0

(36 Bogin address of sub-programme.

37
38
39

40 | Parameters
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41
42 1
43 8
"A4 48720 Constant
15 —s 45 44/44 Form and place jump instruction
46 47/10 a} 48 + ¢/20
(47] 48+6/20 Variable jump
of 4B njeo Tu:memt mexd into next register. ileo
1/ —= 49 69/20 Use directory
2/ —= 50 27/40 1
51 4/46 ; Remove store operstion from instruction
52 36/14 1 Place +this address in 36 and jump to
_ 53] 64./20 } directory programme
6/ — 54 Available for special purpcses
57— 55 10/60
8/ — 56| _ 2/05 _ Read digits of fraction
57 55/20
56— 58 1/51 }~Divi&e o
59 61/70 y conversion faotor
60| 0fo5 _ }‘Provide number with sign
24 —»61| ©s2/63 6 s 2/63 = 5000031268 == §.10”,27>°
35033:§% ___27/20 Jump to store instruction
£/ ~—= 63 B Q/ZO Stop

If with

(14) +the input programme takes up a siroked code digit

¢/, +*hen +the programme jumps to 45. There 48 + o/20 is formed

and this

jump is carried out.

The following code digits are provided:

0/t The utilization of this digit does not affeot the registex.
Tnput is normally continued on the next register., Because
it is rarely used, it is also available for other purposes.

1/t Make use of the directory
2/y Adjust the directory

Ja@e next paragraph.

6/: Free for special purposes. :

8/1 Input of fractions with sign, The fractions are put in as
natural numbers {(of which the zeros on the left-hand mide
may be omitted). With (58) and3g59) the division is made by

the

sonversion factor 109.2-3Y, where (61) serves as tail

of -the dividend. On the free digit places 0 - 12 the in-
gtruction 2/63 has been supplemented by such digits that
1+ 148 as much as posaidble squal to %u109, Tn this way the
quotient is rounded off. (60) and (61) provide the number
with sign, O/ being egual +to 4+ and 0 being equal %0 -.
Finally +the fractions are put into the store by the normal
gstore instruction.
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Examples:
+0,376524276 is put in as 8/376524276,/0/
-0.0005273 is put in as 8/527300/0
a/: These +two code digits can be released to take in fractions
: by means of a special input programme, a/ being equal to +

and '?/ being equal to -, Zeros on the right-hand side may
be omitted; the last digit is stroked.,

Examples:

+0.0003456  is put in as a/0003456/

-0.25 is put in as b/25/

With +this coding, numbers punched out by the machine can
immediately be read in in the same code (a = +, b = =).

Iloreover the programme is much quicker than the normal
8/ programme.

e/t Return immediately to the store instruction. By means of
this code digit a register is cleared during input. ifter

an input indication n/20/ e/ the machine directly starts
executing n/20.

£f/: Stop the machine,

Negative integers are put in by means of the jump on 24,
By stroking the first operation digit of an instruction the

address is wvut in as a negative integer. So -623 is put in as

0 623/0/.

The directory programme

A complete programme will as a rule consist of a number of
sub-programmes and a main programme, which coordinates the
functioning of +the sub-programmes., In various cases standard
sub—programmes from the library can be used; Some sub-programmes
will have +to be made specially for the problem., Sub-programmes
which are not wusin other sub-programmes will be called sub-
programmes of the ot order; sub-programmes which in their Turn
make use of a programme of the oth order, will be called pro-

grammes of +the 1%% order, etc. The main programme is of the
highest ordsr.

ITn all the sub-programmes and in the main programme the
storage locations are numbered from O (relative with reapect to
the Dbeginning of this sub-programme), The initial address of a
sub—programme will always be registered in 36 so that with the
code digit 1 the relative addresses, when they are put in, will
be adapted automatically %o the location where the programme
enters +the store. These initial addresseg need, however, not be
known +to +the programmer. It is also more convenient if the
length of a sub-programme need not be taken into account, The
most logical methoed is +to place all the sub~programmes con-

secutively into the store, Then each sub-programme can be given
a merial number. The directory programme can sutomatically

register +the initial addresses of the consecutive sub--program-—
mes. If in a sub-programme reference has %o be made 10 a sub-—
programme of lower order, the latter can only be looked up in
the directory if it has already been put into the store. There—
fore +the following convention has been adopted: sub-programmes
of a lower order are always inserted before sub-programmes of &
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higher order. So the main vrogramme always comes last,

The directory programme is controlled by means of the code
digits 1/ and 2/. The code digit 2/ provides for the registrat-
jon in the directory programme; by means of 1/ the directory is
made use of. The code digit 2/ has the following functions:

n. At the end of each sub-vrogramme +the next location isa

recorded in 36 as the beginning of the next sub-programme;
b. the address 1is also recorded sequentially in the directory.
It is more correct ito give the 2/ at the end of a sub-programme,
hecaugs there ocan be intermediate activities such as the in.
gsertion of parameters. In +that case the store instruction 4is
lost, but the correct address is retained in 36, (The code
gombination GK in the EDSAC, which is more or less comparable,
ijs piven at the beginning of a sub-programme.) Only the main
programme does not terminate with 2/.

A code digit 1/ alwvays forms +the beginning of a whole inw
struction. Such an instruction is comnosed as follows:
1/serial number/address/operation

in which +the serial number may run from 1 to f. (0O can bs used
for special applications.) The meaning is:

1/v/afop = (74 + r) + afop

Then the address, relative with respect to the beginning of
the gaid sub-programme, 4is oput in, If the last operation is
stroked, a T/;instruetian can alsoc be an input indlcation.

The directory programms runs as follows:

53 —> (64 75/10 Place address into the directory
65 2/40 Advance the directory atore instruction
66 64 /44 by 1
671 64/10
681  14/20 Resume input programme
1/~ 69|  2/01 _ Read serial number (one digit only)
_101 5095520 If digit not stroked: Jjump to the last
69 —» 71 | 73/44 reglater
_12 17/20 ‘} Farm look-up instruection and jump to 17
073 T4/44 Congtant
40
7? Direciory
90|

The action is as follows: With 2/ the programme enters at

50, The storing instruction, which 18 in 27, and which has al-~

~ ready been increased by 1, is read in and the operation part is

removed from 1t. Starting from 75 it is put into the directory

fndim
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3
3
b
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1
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and stored at 36. (65) to (67) provide for the advancing of the
directory store instruction.

With 1/ the programme arrives via (49) at 69 where the
gserial number is read. The latter is normally stroked. At 71 the
instruction 74 + /44 is formed, whick is stored by (17) in the
location of the parameter instruction. For the rest the input of
an addrese and an operation proceeds normally.

On 70 a spare facllity of the directory programme has been
utilized %o Jump with a non-Btroked serial number, to the last
register of the store. If there is a 20-instruction in the said
ragister, 1t can be used for special purposes, The instruction
4095/20 provides, however, also the facility +to interrupt the
normal alternation: instruction cycle —— operation cycle in
another way than a jump. By placing an instruction O 0/40 in
1023 the following +takes place: The Jjump 4095/20 functions as
1023/20, because the digits 18 and 19 of the address do not
exist. A is cleared by the instruction 0 0/40. The intermediate
jump operation 409%5/20 is increased by wunity resulting in the
instruection 0 0/3C, So the intermediate 20-operation has bheen
cancelled. 0 0/30 puts O into A and alsc shifts a O to B. Thus
C is also cleared and +the machine is stopped, with A, B, and C
cleared. ‘

The pre-input programme

The input programme must somehow have come inte the store,
e.g. by putting it in manually, which entails much work. It is
much more convenient +to make use of a pre-input programme, a
veory simple input programme, which by means of a specially pre-
pared tape is able to take in the normal input programme. The
pre-input programme itself must be as short as posgsible and the
tape may not be too long. This appeared to he realizable only
by applying a cascaded pre~input programme. The first pre-input
programme first takes in another input programme which worke a
fittle faster and with an easier code, The second pre-invut pro-
gramme, which has +thus been formed, is extended & little and
then it takes up the normal input programme in a special code,

The second pre-input programme runs:

"11 16 ¢ }
Consgtants
LR Ve £ o |
35 ~>» 33 11 /60 Reading cycle. Read all the digiis but

39 —— 34 11/05 ‘one in the hexadecimal system
3%y 33/20

34 — 361  32/07 _ Read last digit
37 38/10 Tf the digit is stroked: replace
36 —={ 38 n/10 store instruction
39|  34/20 Return to reading cycle
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place a new input indication must always be given
£ an instruction or number. The first aciivity
to extend itself by:

Augment store instruction by 1

Return to reading cyole

Then (37) is replaced by:

‘*QZHL_ 41/20
and (39) by:
39| 38/40
vith this

Jump to 41

Take in the store instruction

1agt addition the pre-input programme has got the
facility of advancing iis store instruction.

The first pre-input programme 1is:

"0 | 1/07
b 0/10

_ 2} _ _o/o1 _
3 4/10

In principle it 18
of this §rogramma.
= 5/14,

tape: (4

Read digit times (1)
Constant = 2’18
Read digit times (O). Test on stroke

Store the store instruptisn

already possible +to take in a tape by means
When the machine starts on O with 95/ on the
after which the machine stops on 5. *) 5 be-

comes cleared. ATter that the machine is started for the second
time on O with 20 on tape. Then (5) = 0/20, and the programme

can Teturn itselfl,
to start on 0. It does not take more work to put this 0/20 di-

rectly in 5.
following progr

"ol 1/0T
14 0/10
2} o/
3 4/10

(4

_0/20

”“:if

The tape readst

4
4

1a/

ghebdb/

0/20 must bve brought in C if the machine is

Then the machine need be siarted only once. So the
am is inserted manually:

Read digit times (1).
Congtant
nead digit times (0). Test on siroke

Replace store instruction
Store instruction
Return to O

Thus (A)’wili be cleared

(4) = 0 12 is a rubbish dump
Now the new store instr.

= 12/14
= 33/14

*§w§h@ midaa t§ placs a 14-instruction in 4 is from Dr G. v. d,
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32
32

40

41

42

37

39

£b10

:f 35/
E8’08}31{3/

Cb

10/.

CcOcte/

Baneava s

13/

;abObDb
15/

ebd0/
00/

40

10/
3c3e3d/
ccocecedl
04/
ddcdod/
6h6bbe

00/

20/0
8/0

' 8/0
| 102/0/

1000000 /0
0/8
102/8/
2402 /0
102/9/
102/6
102/a/
202/2
102/5/
202 /9
102/1/

 402/6

il

i

1!

i

il

!

i}

li

(38% = 32/10

i

11 /60

16/14

34/10
11/05%
12/14
36/14
32/07
35/14
33/20
38/14
11/10
11/10
0/40
12/14
37/14
38/10
42/14
39/14
34 /20
34/20
229
28
16 &

2 8€
£

32/44
38/10
34/20

41/20

38/40

E(A)'

(&)
(4)
(&)
(&)
(A)
=(4)
(4)
=(A)
(4)
=(A)
(4)
(A)
(&)
(A)
=(A)
(4)
(A)
=(4)

(A) .

(38) = 40/10

i I 13
o O O O O

| T | S ¢
o O QO Q

Il

-

il
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can be built up

instr. to be put in,
from which exclusively
16/14 can be built up

The congtant 168 can The
formed only in 3 steps,
one congtant always
being needed for  the
input of the next one.

& too can bhe formed in 2
steps only

First +he ssoond input
pYogramms is supple-~
mented by an advancing
part
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100/4/

100/0
800/0

0/2

| 3b9acal/0

2000000/0
5£5e10/0
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Now the input

gramme follows

of the normal input pro-

Put in (3) negatively
The only way of putting in /u ]

0f, pages 29 and 30
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In the first nart of this programme often an extra replace-
ment of the store instruction is required to clear (A). The most
important feature of +this nrogramme is that the building-up
cycle dis the same as the storing cycle. The building-up process
can only be performed thanks to the 14-instructions in 43 clear-
ing can only be carried oul thanks to the 10-instruction in 3.

some sSpecial input programmes

It has proved to be very useful %o apply the serial input
programme, LIt often occurs that large parts of programmes con-
gsist of series of instructions which resemble one another very
much and which have a regular structure, This will espsecially be
the ¢ase with stretched programmes. The serial input programme
makes wuse of +the free code digit 6/. The structure of such an

ingtruction iss
6/ ¢ afop x/y/2/

In this instruction ¢ afop is & normal instruction with
code digit, address and operztion. This may also be a 1/ or even
an e/ instruction. x is the number of times that the instruction
mist be inserted; y is +the size of +the interval between
successive instructions of the same type and z ia the increment
by whiech the instruction must be increased every time, After the
serial input the normal inonut is resumed consecutively. The pro-
gramme itself doss not enter the directory. The programme runs

and furnietions as follows:

o 66/20/ Do not enter +this ovprogramme din the
8/ 1 /0 directory Dby not advancing the
directory store instruction
0 s4/10/
6/ —= 541 1 o/20 Go with 6/ to thias programme
1+ 0/10/ '
54 —= O 0 27/40 } Take store instruction and put it into
111 19/10 1219
210 0/50 }Take in the instruction
3]0 30/20
0.27T—=410 27/12 Put it negatively into 0.27
510 0/:’6 Take in x
6| 0 17/20
0.22—="7| 0 47/10 ~ Place Xx in 0,47
8|0 0/50 } Take in ¥y
910 11/20
0.22-+10{ 0 34/10 . Put y into 0.34
111 0 47/60 Form xy
1211 19/44 } Form +the last store instraction for
13| 0 47/10 test. Place this into 0.47
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14|10 0/50 Take in 2
151 0 17/20
0.,22—»16 | 0 22/12 Place -z into 0.22
o5 2171 0 27/46
> = ?/ } Advance and place instruction
181 0 27/16
(19 | o/ Stores instruction
2011 19/40 )
211 0 34/44 f Tnerease store insgtrdction
2211 19/14 J
2310 47/47
24| 0 22/32 Test and take in 2
20 If not ready: return to 17
25| 1 17/20 ﬁ ¥
24 —» 261 1 19/40
2710 34/46 $ Place +he mnormal store instruction
28| 0 29/20  J again and return
2/

1.65 Programmes for floating addressing

When a programme 1s belng made it often happens that soms
instructions have been omitted. It is very difficult to insert
thege instructions afterwards, as _then the entire programme
would have to be renumbered. WILKES *} has given some methods

through which thesse difficulties can be overcome. It is, how-

ever, a drawback of these methods +that they Tequire a rather
extensive administration programme and that a programme that has
already been pubt in, must be corrected afterwards by this ad-
ministration programme. For PTERA a somewhat gimpler method has
been developed.,

The procedure of floating addressing 1s as follows: No
=ddresses are npunched on the tape. The instructions enter the
store consecutively without further provisions having to be
made, Labels need be given only to working registers, constanis,
variable instructions and points to whieh jumps are referring.
There is a difference between references to registers which have
already been put in and registers which have still %o be put in.
For +he first kind +the location to which reference has to be
made, dis already known in the machine, If an arbitrary number
is allotted to such a register, further on reference can be made
to that register by means of this number,

If, when making a programme, one must refer in +the normal

manner to places that have still to be filled in, +the procedurse

e,

*7 M. V., Wilkes, The use of a "floating address" aystem for
orders 1in an automatic digital computer. Proc, Camb. Phil. Soc.

49(1953) Part 1, 84.
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is mostly that the relevant instruction is temporarily not in-

serted; and 1is put in as soon as the point to which referencs

has to be made, is kmown., This method can also be applied to
floating addressing. The advantages of such floating programmes
aYe: -

1. Instructions +that have been forgotiten, can be inserted
without further provisions. This does not affect the coding
on the tape of the remaining part of the programme,

2. The floating addresses which are allotted, are vperfectly
arbitrary numbers. A certain label can be used over again
when it is ne longer needed for reference to the former lo-
cation. Thus +the labels often consist of only one digit,
which is favourable for the input time.

The programme that providea for the floating addressing, makes
use of +the code digits E}/ and 7/,

The 7/ part is used to allot floating addresses to certain
registera, For +this purpose wse is made of +the parameter
registers and of +the directory registers. If we introduce the
sbbreviations <{x> = the address part of (x), then the operation
of the 7/ combinations can be expressed as follows:

1/x/ ¢ {27>-=35 + x x = 1{1)8
/vy 3+ 2D-=T4 + ¥ y = O{1)f

These combinations are applied as follows:

T/xj By means of +this combination the real

1/y/0/20

address & 1is recorded as floating ad-
dress X

By means of this combination a jump is
made to the real location a.

By means of this acombination b is re-
corded in T4 + y in the direciory

By means of this combination the 16~
corded address is used again

So with +theme combinations alone, it is only possible tc use

addresses that have already been filled in.

Reference +to addresses which have yet to be inserted, is
made by means of the O/ combinations., The function is:

{)/:z;/op t {27}/0p —s (35 + x)
ofy op t L2T>/op—>(T4 + ¥)
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these combinations are used in the following manner:

n~—1

n |

The programme which provides for the cods digits O/ and 7/

i el Ty — i

e i p— v

Tangs
l 0 66/20/
o 1/0/
0 48/10/
0/—+0.48] 1 _9/2C
o 55/10/
7/—0.551 1 0/20
g/—> 5610 0/50
5710 17/20
1 0/10/
0.55-1.0| 0_ _2/01 _
111  8/44
0 — 2|0 444
111 6/10
18 — 410 27/44
510  4/46
(6 ef
~1]0 /20
wg | 0 39/00
0.48—=9| 0_ _2/01 _
1011 B/44
9 —>1110 o4l
1211 4/10
(131 o/
1410 4/44
1511  6/10
1610  4/01
1710  5/05

The location of +the instruction re-
ferring to a location +that has yet to
pe filled in, 1is kept free, The real
location is a, The location +o be re-
ferred to is in reality n

Before n is going to be filled in, n/op
ig filled in on a by means of this com-
bination.

}~Bb not enter programme in directory

Place O/ entrance

Place T/PBnﬁrance

Replace 8/ part

Take in X
If not stroked: form T4 + x/10

Tf stroked : form 35 + x/10
Place this in 1.6

Form {277 or £27)/op

Store this with 35+x/10 or T44x/10 or

(35+x) /10 or (74+x)/10
Return %o input programme
Constant

Taks in X

If not stroked: form T4 +« x/44
If stroked : form 35 + x/44
Place this in 13

Extract (35 + x) or (74 + x)
Form and place

(35 + x)/10 or (74 + x) /10

} Take in operation digitse

z

&
i
k
e
%
3
=
I
%
2
i
&
&
I
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Use 4 -~ 7 in common with first part.

1.66 Rapid input ,_programme for fractions

For programmes
the 8/ code is not

fioulty is that the zeros have to be supplemented on the right

hand side

in which many fracitions have to be put in
the most suitable one. The greatest dif-

of +the number. It would be better if they could be

deleted but then they have to be placed on the left hand side,

The notation of the programme meeting +this difficulty is
the following:

+ i8 code digit a/ , - is code digit b/ , then follow the digits
of which the last one is stroked, So:

+0.3 becomes &/3/
~0.0095 becomes 1b/0095/

The programme Iunsgs:

0 66/20/
o  1/0/
0 56/10/
8/>0.56| 1 0/20
0 s58/10/
a/>0.,58 1 &6/20
5911  5/20
1 0o/10/
0.56+1.,0] 0 0/50
110 17/20
0.22-="21 0 7/51
310 61/70
_ 410 60/20
0.59—> 5| 1 36/40
0.58— 6|1 2/44
711 26/10
. 810, 903 _
911 26/20
8 — 1011 30/07 _
1111 26/20
10 — 121 1_ 31/07 _
1311 26/20
12 —» 14 11 32/07

}‘Dﬁ not snter programme in directory

Place 8/ entrance

Place a/ entrance

Place b/ entrance

Substitute for 8/ part

Form O T/51 for + and
form O 7/53 for -
Place this into 26
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14—1.161 1 33/07 Read digits
1711 26/20 If stroked: jump to 26
1
1

16 — 18| 1 34/07
| 191 1 26/20
35/01
26/20
10/07 _
26/07 _
o _2/05 _ f
- Q}EQ BN If last digit not stroked: stop
(26| e/ 01/51 or 0 7/53
61/70 Divide by conversion factor
0/45 Take over into R
27/20 . Return to store instruction
10000000 /00
1000000/00
100000,/00
10000/00 Constants
1000/00
100/00
0/02

RT3 o S A SR o R i A A P 0 P T 0T e e o =t 4
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1.67 Rapid input programmes for instructions

The normal input programme offers many facilities for the
programmer, which, however, aslows dcwn the spsed., For programmes
. which are frequently used and which consequently have often to
[HER be put into the machine, 14 is recommendable {0 have the machine
?5 : . punch out the programme in sbsolute form such as it is present
F in the stere in such a code, that this tape can be xyead in as
S quickly as possible by means of a speclal input programme. As to
apeed, the input oprogramme 1is most Iimportant here; the tape
punching programme need be used only once. As8 only 4 out of the
F T | 5 holes in +the tape are used numeriecally, it is evident that the
o4 hexadscimal system should be used, Only instructions (and =all
{5 TR that oan be written in that form) and numbers are distinguished,

: The rapid input programme is written over +the directory pro-
gramme, which has no function any longer. By means of 6/ it is

E called into aection.
1 0 13/10/
féf__j | | 83 — (72 Contains astore instruction

731 0 172/40
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T4 + O 2/44 Ingraaaa' store instrueciion by 1
Zs 215 |0 T2/10
76 {0 §8£O§ 3 Read 13-&' digit times 216
7710 64720 If stroked: read number
76 — 18 |0 4/07 _ Read 2"% aigit times 2'°
7910 14 /20 B ;:ts’ stroked: go to normal input program-
78 — 80 {0 89/05 Read Brd digit times 28
81 (o 11/05 Read 477 digit times 24
8210 2/05  Read 5 aigit times 2°
- 83 10 72/20 If not stroked: go to store instruct-
82— 84 10 T15/20 éins roked: replace store instruction
"85 | 0268435456 /00 = 29
g6 |0 16777216/00 = 2°4
n87 10 1048576/00 = EZD Constants
g8 {0 0/02 - 218
"89 |0 256/00 - 28
O 75/20/ Change over to high sapsed input
0 49/10 '
49 | 02000 = 0 0/20 Put 1/ out of operation
01034/ = 0 52/10/
o2 01024 = 0 36/10 Change part for 2/
53 | 0200e = 0 14/20 -
6/—> 54 0204 = 0 75/20 Place entrance for 6/
| 01040/ - 0 64/10/
17—=64 | 18055 = 0 85/03 1% aigit times 28
65 28056 = 0 86/05 2R digit times 244
66 28057 -0 87/05 3% qigit times 2°°
67 | 28058 - 088/05 4™ aigit times 216
68 28004 =0 4/05 5% aigit times 2'°
§9 | 28059 0 89/05 6% digit times 2°
10 | 2800b -0 11/05 T digit times 2%
71 | 28002 . =0 2/05 8% aigit times 2°
.00/ - 'Proceed to normal input pTo gy amme

The absolute punching programme associated with the rapid
input programme has been made as quick as posaible with respect
to the input programme. The procedure is as follows: after a
programme has been inserted into +the machine (36 im not af-
fected), the programme asks for an initial address, From thers
the ocontents of +he store are punched out. When the seleoction
awitoch I is operated, +the programme stops with the extraction
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instruction in A. After 1t has boen checked wvisually whsiher a
sufficient number of data have been punched, t1the process can be
continued by switching off I. This can be done in two ways: with
the selection switch II on O the process 1is continued from the
place where the programme had stoppedy; when II is switched on,
the 7programme asks again for a new initial address, This is
ugseful to punch out a programme which consists of various non-
sequential parts, When sufficient data have been punched, I is
not switched off after which the machine is started. The pro-
gramme f£ills in 36 and writes the input dindication for starting
on the tape. Furthermore blank +tape 1is punched $ill I is
switched off again. The machine stopa on O,

Pre-punching
0 37/10/
0.37 p/00 Location of the programme
Programnme |
o 38/10/
0.38] 2 &3/00 Parameters
3910 0/8f
2 0/10/
"2, 010 20/00 . Stop. Also constant
] | 2 1071 906
817/41 =2 1/41 + constant for punching 0/00/6/
2|10 11/13 0/
310 2/13 bunah 0
410 11/13 o/
5(0 11/11 6/
62 — 60 0/50 j
110 30/2QH | :} Take in initial point x
B8]0 4/45 Form x/10 in R
913 0/44 Form x/41 in A
S ) R AL T € vodhctiieagvitivt P
1113 2/11
1210 11/11
13{0 11/11
1410 11/11 Punch input indioation
15{ 0 11/40
16| 0 0/50
1710 11/15
(15A g/ _____ Extraction instruction or return instr.
1903 1/}6_ ) z:::t'g%gth?iesgnizei)is negative, Sub-



2,20 | 2 50/20
19 —= 210 11/30 _

2212 52/20

21— 2313 2/11

24 | 0 11 /11

2510 11/11

2610 11/11

2710 11/11

28| 2 18/40

29 |0 2/44

3012 18/10
W31 10 _0/29 _
L3212 18/24

31 —= 3312 18/00
4|0 o/ _
3512 60/20

34 — 3613 3/51
3712 10/20 _
18 —»38 |0 36/41

3913 2/11

20 {0 11/11

4110 11/11

4210 11/11

4310 11/11

4|0  0/11

45 {3 4/41

49 —> 46 | 3 5/11
AT |0 of28

4T —= 49 |2 46/20

20— 50 { 3 6/47

51 |2 0/40

22 — 52 |0 0/50

530 2/15

54 |0 0/50

5513  T/15

56 {0 11/11

57110 11/11

58 {0 11/11

- 47 —

If negative: punch as a number

If positive: teat whether X)) = 220 0
(Test on A) (=) };

If opositive:r go with 16 to punching
part for numbers

R has still been preserved

Punch instruction

Advance the extraction instruction by 1

Test on melsction switch T
If O: proceed

If 1: stop with exiraction instr., in &
Test on selection switch I
If O: Jump to 60

}Punﬂh 0 36/10/

)

{ P1m<31§ (36)
}

Punah Q

Punch 0/1 0/20/e/ and then blank until
ﬁha'asleetieﬂ switch is back on O
Stop on O

 Form {(x} - 220}—{}-" - 2_29} by which the
sign digit is removed from +the number

Punch O/ for pos.

Punch 4/ for neg.

The first symbol is always stroked
Punch 4wo binary digits behind the point

3¢ the second symboel also has a stroks
0/ for poﬁ.,_d/ for neg.
Punch 3 digits of numbsr
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2,59 2_u24{20 Puneh +he remaining digits like those

of an instruction
4, “0121 - Test on selection gawviteh IE |
_2 18[24 T O: return to extraction instruction

l‘¥3*Q |

"
"o
sy
7]
' "
"G

Wy |

2 6/24 CTf 1: take in a new initial point

20

538446366/00 Punoching constant for 0/10/20/e/

32/00 |
20
1072693248/00 o 2

4/00 .
0/24/

3
0
0
0
0 36/10
0
0
0
0
2




- 49 -
Paxrt 2., ZELEBRA

plion

a computer 1is Dbeing constructed it is not possible
§ the original projectz very much, Still development 1is

#

princeiples on which PTERA is based, have given rise to
ﬁiﬂg of +two machinest machine ZERO, which has already
~ribed by the author earlier *) and ZEBRA, which will be
A in this part.

(O was designed as experimental machine for PTERA, and
2d operated as such. The idea of using funotional digits
operation was fully applied in i+, The machine did not

a multiplier nor a divider. The programme required for
cation was very long, so that the design was not

for a practieal machine. In paxrt 3} the machine ZERO
«18ed further as z sitarting point of some +theoretical

ations.,

point was whether with a consequent application of the
2]l use of the operation digits it would be possible fo
4 a practical and yet simple machine (e.g. without
er and divider), such with +the elimination of some
-8 inherent in PTERA, i.e.:
. wvery uneconomical to use a whole revolution for the
,ction of a number, while a circumference contains 32
T = IR
parallel adding unit requires a great number of valves,
» are more components that can go faulty than in s serial
paxlator. In PTERA it has proved to be very difficult to
.2 troubles in +the arithmetic unit.
.ae-length saddition can only be performed  via the
.plication.
y—accumulator is not used while the instruction is being
vcted.

has been tried to make a design in which the principles
control of PTERA, the functional use of the ocperation
and +the simplicity have been applied as much as
=

3 uneconomical use of fime is mainly due to the way in
she numbers have been distributed over the circumfierence.
rumbers are not interapsrsed, the first difficulty can be
bed for +the greater part. To derive maximum profit from
L store with a relatively long aceess time, optimum pro-
» {minimum latency coding) is required. For this purpose

number of immediate access regigsters must be avallable.
% of the waiting time can be eliminated. ~ )

s Ve d. Poel, & s8imple electronic computer. Appl. Scil.
{ 1952) 367.

., Freedman. Blimination of waiting time in automatio
s with delay-type stores, Proc., Camb. Fhil, Joe,

) 426.
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The sscond drawback ocan be avoided easily by having a
delay-type ascumulator with a serial adder, Thig fits quite well
in +the system of bhaving +the accumulator bdbuilt in the same
physical form ag thse lmmediate access registeras, For +the sake
of simplicity multiplication should also~ be ocarried out in
series, which in principle requires about as many word perlods
a8 there are digits in a number.As the word periods have, how-
ever, become a factor 32 shorter, multiplication need not be
gslower than in PTERA., (The opreparation cycle and the inter-
mediate Jjump may not be counted, because they are slow in PTERA
but quick in ZEBRA.)

For a serial adder the complement system is more suitable,
because the pseudo-complement system requires a smecond passsge
through +the adding mechanism %o account Ffor the end-around
CarTy. |

The third problem can be surmounted easily by coupling the
two aocumulators, which are at any rate required toc carry out
g multiplication, in such a way, that a carry originating in the
tail accumulator is added to the head accumulator.,

The fourth drawback c¢an be partly eliminatsd by the con-
sistent use of funotlonal digits also on the intermediate Jjumps.
If the addressesa for the two kinds of stores are also separated,
even the instruction and the operation cycle can coinecide, if
one address i1s used for the source of the new instruoction and
the other address for the operand,

The ZEBRA is an automatic electronie computer, based on the
following principles:
1. The operational part (control and arithmetic unit) is small
with respect to the storey; which has a homogeneous sitructurs.
2. The structure of +the operstional part is most simple. No
built-in maltiplier or divider. Serial operation.
3. The number of elements has Dbesn reduced to s minimum, in
order to obtain a maximum reliability.

As the structure of the machine 1s so gimple the pos-
aibility of making mistakes is small and posaible mistakes  are
ea8ily located, With a very small part ¢f the stors plus a well
operating operational part, the machine c¢an locate 1its own
troubles 1in the remainder of the store. Though no multiplying
and dividing facilities have Yeen provided, +the multiplying
programme need not be elaborate, Because of +the senormous
flexibility in the coding +this multiplying programme ocan Dbhe
very simple. Other facilities as normalizing, automatioc modify-
ing of instructions, repeating of ingtructions e%c. can be
solved very elegantly.

The possibility of optimum programming (minimum latency
coding) yields a high speed of operation. The multiplying speed
is less high. Special attention has been paid %o incoreasing the
speed of interpretive programmes for floating point operations
and operatione with double-length numbers, |

A large class of programmes for ZEBRA is dsad, i.s. nothing
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"has +to be written on the drum. "%) This is largely because all
action takes place in the short registers. Also the facility for
modifying instructions is very helpful in this respect. The
advantage. of dead programmes is that the tracks on which they
are present, can be switched off for writing, so that these
programmes can remain permanently in the store. This applies for

example +to +the input programme, test programmes, and standard
output programmes.

The structure of an instruction 1is remarkable for its
functional digits in the operation., The whole programming is in
fact a micro-programming, *”) The operations are analysed into

milch more elementary actions, This accounts mainly for the great
flexivbility of the cods.

The siructure of the machine

PRSI —

KNumbers inside the machine consist of 33 bits, numbered

from O to 32. A number p hag the wvalue: 42

= -J
N RT3

inn words: for the representation of negative numbers the com-
plement system has been used.

The store

The storse is formed by a magnetic drum with a storage
capacity of 8192 = 213 pnumbers each of 33 bits., The speed of ro-
tation is 6000 rpmj this is 10 ms per revolution. The number of
tracks is 256 and the number of words per track is 32. Consecu~
tive digits of a word are placed consecutively on the drum and
consecutively numbered reglsters are also placed in a normal as-
cending sequence. The least gignificant diglt of a word is
coming first in time. A word time is 1/32 x 10 ms = 312 s

The operational part

The operational part consists of the following regisiers:

A: Register of 33 Dhits for the accumlation of the most
aignifiocant part (head). (One exira bit for overflow, Cf.
2.41, R-digit.)

B: Register of 33 bits for the accumulation of the least
significant part (tail). ‘

C: Control register. This register receives the next instruction
+0 be executed,

- De Auxiliary register for the control.

A and B are called asccumulators.

alalkilieadekibuit il s iarioi i Vi .

)y W, L., v. 4. Pocel. Dead programmes for a magnetic drum auto-

- matic computer. Appl. Sci. Hes., B_}_(1953)190'

XY M, V. Wilkes & J. B. Stringer. Micro-programming and the
design of +the ocontrol c¢ircults in an glectronic digital com—
puter. Proc. Camb. Phil, Soc., 49(1953)230.
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Short regisiers: Registers of 33 bits, numbered from O to
31 {to distinguish Dbetween drum addresses and short addresses,

drum addresses will be written with 3 digits, or will be =32).
Only +the short registers 4 to 15 have Dbeen materialized. All

short registers are immediately accessible. They can be realised

by means of delay lines on the drum *) or by magnetostrictive
delay lines *¥). |

Special short registers:

0: (0) = O In these
12 (1) = £ = 2_32 registers no
2: = A. The A-accumulator has the address 2. writing c¢an
33 = B. The B-accumulator has the address 3. take place,

4: Cf. the action of the A-operations.

5 to 14: normal short registers.
15 Cf. the action of the 1R and XD—-operations.

16 to 22: Not built in the machinse,
23; {23) = -1 = the most significant one in the word.

o4: (24) = conj (4);(B). 24 always contains the logical product
of (A) and (B). In 24 nothing can be written.

25: Set teletype signal equal to a . {(25) = (A) on reading.

26 to 31: Input and Output. Cf. 2.81 and 2.82.

2.3 The atructugg_aflthg_instructians

¥

The digits of an instruciion contained in C are called ¢
to O3pe The names and short characteristics are:

| G 1
Cq A-dligit Jump add

K-dizit ahort reglster short register for
4 ! for sccumulator control
c, Q-digit (B) £ ¢ —38
Cy L-digidt ghift AB left
34 R-digit { shift AB right
65 J-digit additive subtractive
Cg B.digit use A use B
Cry C-digit do not c¢lear clear
og D.digit . read | write on drum

Kbl

jt')' Staff of +the Computation Laboratory. Description of =
magnetic drum calculator. The Annals of the Computation Laborat-
ory of Harvard University, Vol. 25. Harvard Univ, Press. Cam-
bridge (Mass.) 1952.

*¥) R, M. Bradburd. Magnetostrictive delay lines. Electr. Comm.
28(1951)46.

: ;
gl
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Oq Hwdigit read write in shorit store
c V-digit | selection test
10
4, V4-dlgit V4: test on b32
Cys Vz-digit Un: test KSn V2s: test on b
313 'ijdlglt Vi: test on 2,
014 Wodigit walt do not wait for drum
a15-c19 Short address. Number of digits < 3.
320"632 Drum address. HNumber of digits =3.

' The "a-digit determines the character of the operations If
¢o = O the operation is called X, and if ¢, = 1 the operation
is called A. in X-operation has as main element +the extraction
of a new instruction, and the A-operation has as main element
the execution of an instruction. However, +the distinection
batween these kinds is not sharp.

The K-digit determines for which unit the short registers
are used, i.e. for +the arithmetic unit or for the control,
Together with the A-digit the K-digit determines the way of
courling between the four parts: arithmetic unit, conirol,short
registers, and drum storse. This will be clear from the following
diagram:

| _ _;'

Arithmetic

Control
unit

Cf. the introduction, p. 5.

The function of +the Q-digit is the addition of e to the
B-azccumulator, irrespective of the astore.

The digits 6 and R effect the shifting of the contents of
the double-~langth accumulator %o +the 1left or fo the right,
respectively.,

The I-digit controls +the additive or subtractive action of
an instruciion, This only applies to the accumulators, not to
the contrel, and then only for the tranafer to A or B,

The B-digit determines whether an operation refers to the A
or t¢ the B-accumulator. This only applies to adding, not to
shifting.,

= [T TU T R T TP L R R A T ST A e
‘ ” g e

i L N B,
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The (-digit determines whether or not the accumulator

engaged in the operation must be cleared.

The digits D and B determine whether reading or writing
takes place from (to) the drum and the short registers respect-

ively.

The digits V, vﬂ,'vz,‘v1 zare called +the test digits. With
s testing operation the operation 1s either or not executed,

gependent on +the oriterion deseribed by the digits V, ?4,‘v2,

V4. If the ingtruction is not executed, an instruction AC is

executed instead.

The digit W is related to the time selection on the drum,
If cyq = 0, the exscution of an operation 1s delayed +till the

selectad storage location on the drum is present. If Cqg = 1.
the operation is executed immediately without the drum being

waited for. The drum is compleiely disregarded. O is always read
and nothing can be written on the drum.

The vemsinder of the digits forms the addresses, ¢ to
o conatitute the short address and c20 to cyp cenati?ute
the drum address. Cpy 10 Conp REIVE the +track selection and c38
to ¢qp serve the time selection within the gselected track.
For *The sake of shortness the contents of +the drum address will
always be denoted dy (n) and the conients of the selected short
address will always be written as (m). (n) = O if the waiting
digit is 1. If (n) is destined for A, this number is denoted

by (n)ﬁ, Then (n)B and (n)c are O.

Tn the same way by (m),, (m)p and (m)g is denoted the
contents of (m) aa far as they are destined for A, B or C. Both

other entrances receive & O,

2.4 The action of the instructions

2.41 The functional digits

The A-digit

- In the control the A-digit hasg the following action:
Operation X: (C) + 28— D (n)c + (m)c“ﬂ’c
Operation At (m)c + (D})—C (4) — D

Bath operations do not differ in so far as the arithmetic unit
is oconcerned. In any case adding or storing takes place

according to:

(n) = {(‘ﬂ)A_ + (m)ﬁ}*’ﬁ (B) * {(n)B 4 (m)B}—-ﬂrB

These gtandard operations can be modified by the other operation

diglits.

Register 4 has a special function and is related to the
A-operations. All instructions are gither X-inatructlions or

- A=instructions.

L g b it
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The X-digit.

If the K-digit is absent: the short store is used for the
arithmetic unit.

If K is present: +the short store is used for the conirol.
On a reading operation: (m)—=C
On a writing operation: (D)—em
The @-digit.

If the G-digit is absent: normsal.

If Q is present, £ is added to (B) (or is subtracted de-
pendent on I)., The € is introduced in the carry entrance of ths

pre-~adder of B as if i1 were a carry from "b34“¢ The adding of &

under control of Q@ is also taking place on a storing operation.
The L“digit &
If L is absanti normal.

If L is present: {(A) and (B) are shifted one place to the
left. If A and B are not cleared the leftmost digit of B shifis
to the rightmost digit of A, and B is completed on the right-
hand side with a 0. The leftmost digit of A is lost. If A or B
are cleared, 0 is always +transported from B to A. All other
operations are performed in the normal way.

The R-digit.

If B 18 absent:t normal.

If R ia present: A and B are shifted one place +to the
right. When A and B are not cleared, +the rightmost digit of A
ghifts to the lefitmost digit of B, The rightmost digit of B is
lost, A is supplemented on the left-hand aide with a digit from
a place whioh will be called a_4. This place is situated on the
left side of a,, and completes the A-sccumulator to an adder ol
34 placea instead of 23 places. For this extra place the fol-
lowing rules hold: |

If A is cleared, a_4 is also cleared. All numbers %o be

added are first added together in what is called +the pre-adder;
then +the resulting number is completed with a copy of its sign
digit, after which the number of 34 digits is added into A with
the main adder. This digit is gerving effectively to asitore an
overflow., The only method to recover thig digit is fo shift it
to the right by an R-operation. The shifting to the right pre-
valld over shifting to the left; thus a combination of R and L
shifts to the right only. -

| For +the sake of doing multiplications the following
facility has been added to LR: If LR is present, add b32,(15)
to A instead of (m)ﬂg |
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The I-digit.

If the I-digit is absent: normal.

If the I-digit is present: +take the complement of the
numbers of drum and short register, in so far as they are des-
tined for +the arithmetic unit. The contents of 15 on an XD and
an LR-operation and the € on a Q-operation are also complemented
when T is present, The I-digit does not refer +to numbers to be

stored, or to the control.

The B-~digit.
If the B-~digit is abasent: the operation refers to A.

If the B-digit is present: the operation refers to B,

The addition normally takes place in A just as the storing
normally takes place from A, However, 1f the B-digit is present,
the addition +takes place in B and the storing alsc takes place
from B. The B-digit has no influence on the addition of (15) to
A on an LR-operation., This addition always relates to A. The

addition or subiraction of € on a Q-digit also always takes

place in B. The B-digit has no relation %o the control,

The C-~digit.

If the C-digit is absent: do not cglear A and B.

If the C—digit is pregent: clear the accumulator as pres—
cribed by the B-digit, before an addition or a shif+ takes

place. The C-dligit does not relate to the control.

The D-digit.

If the D-digit 18 absent, and 1f the execution is walting
for +the drum: 7read the number from the selected drum storage
location and perform on it an operation according to the other

digitﬁt

If the D-digit is present, and the execution is waiting for
the drum: write in the melected drum storage location the number

~from A or B according to the following rules:
With an opsration without B: ¢y = 0: {n) destined for A,
cg = 1: Transfer (A) to n.
With a B-operation: cq = 0: (n) destined for B.
¢g = 1: Transfer (B} %o n.

§
On the combinetion of X and D an extra addition takes
place:r Add (1%} instead of (m)A or (m)B to A or B according

40 the B-digit.

' The B-digit.

1f the E~digit iz absent: read the relevant short register

bt ik b e
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and use it for A, B or C according to the K and B-digit in the
cperations. |

- If the B-digit 1s present: read the number as determined by
X and B in the melected register,
If K and B are both absent: Sy = O: (m) destined for A,
9 (A)—m
(m) destined for B.
(B)— m
= 0: (m) destined for C,
1: (D)—m

H
W
"

&
c

I
<

If X is absent, B is present:

O
i
Yy

If K ia present:

£ L]

c
e

I

9
9
9
9

The test diglits

If +the V-digit 1is not present, the digits V,, V5 and V,
togethex detexrmine a number, having the value O to 7. These are
indicated by UO 4o U7. If +the instruction contains Uk, this
operation is executed if the selection switch k has been thrown,

If not,the operation A0 is executed., The selection switches will

be denoted by KSO 4o KS7. KSO is always thrown, An instruction
with C40s ©443 C40 c1‘3 = 0 will %be sxecuted in the normal way.
K37 is8 materlialized &s a key having a normally closed contact.
This key serves as a start key.

If the V—-digit is present, a V is added to the instruction,

019,3{{,512,?{3 = 1000 is denoted by V : Cf. 2,43

" = 1001 is dencted by V1: Execute the instruction
if a = 13 if not
exacute A,

1010 is dencted by V2: Exeocute the ingiruction

execute 4.
" = 1100 is denoted by V4: Execute the instruction

if bayz = 13 if not
execute A.

With the aid of these funotional digits a test can be performed.

2,43 Double~length Facilities

To be able %o perform double-length axithmetic very easily
a device to talke the carry-over from B to A is provided. As this
carry-over is only produced on the last impulse time in a word,
it 38 not possible to add it to A in +he msame oycle. Thie 1is
always done in a later eycle (not necessarily the next).

The, normal rule for double-length arithmetic 18 as follows!

| On every B ox @Q-~operation the carry-over ia storsed in an inter-

mediste storage of one digit. This caTrry is added ‘Fc A on the
first instruction having a VO, which can be writien simply as V.
The B—instrustion and the related V-instruction mugt have an
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equal JI-digit. The intermediate store retains the carry which
has been put into it on the last B or Q~operation., The carry
£rom the intermediate store is introduced on the carry entrancs
of +the pre-adder of A as if 1t were a carry from "ajp¥. On a
left shifting instruction with V it is introduced one digit time
later as if it were a carry from ayy. This implies that an in-
struction of the form A200L5V can give wrong Tesulis; becauss
the addition of (200) and (5) in the pre-adder can give rise

already to a carry from a3 to a5 80 that no other carry can be
added at the same time.

For a better understanding a short account will be given of
the precise action of the intermediate store. A subiraction in B

is performed by adding the inverse of the number together with
introducing an extra complementary one on the carry entrance of

the main adder of B as if it were a carry from "by,". When a
number is added, +the resulting carry is Just +the opposite of
what it would be, when the same number would be subiracted. For
example subtracting O glves a carry 1. In general +this can be
Pormalated as follows: The horrow produced on a subtraction is
the opposite of the ocarry produced by adding the complement,
However, on the next V-instruction the fact that a borrow has
been storsed in the intermediate store in cpposite form muat be
taken into consideration by reversing its significance as a I-
operation. The negative wvalue of a Dborrow is automatically
accounted for by the introduction inte the pre-adder. The result
of +this pre-asddition (now including the borrow) is subtracted
from A on a subtraoction. |

These aeemingly awkward rules are necesgary to be able o
round-off on multiplication with a special *trick, and to use the

" ¥ as a sort of '"Q-digit" for the A-acoumulator.

Examples: Round-off on multiplication

HeosoIB23 Lagt 4instr. of malt. contains I. B3

subtracts ¢ from tail giving carry-over
when tall = g.

NeauV Round—off 4is =added %0 head on next
i operation, B-instr, and corresponding
i V-inaty. do not have the same I-digit!
The use of V as "Q-digiths |
NesoLBI Subtract O from B thus making carry = 1
'
| : -
NesaV Add extra 1 40 head from intermedliatse

carry store eic.

- 2.44 The order of preference

The functional digita' of +the operation are written in =
certain order. This order ia: ﬁKQLRIBCDE?V4V2V1¢ By reading it
from 4the right to0 the left +the order of preference of the

- funcetional digits is given. One can imagine +4he action +o De

thus - that all functions take place subseguently. Firet from the

e PN
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test digit it 18 tested whether the operation is +taking place
or not. Then if storing has to +take place first storing is ef-
fgated. Then if clearing has to take place the clearing is per-
formed. The relevant register is indicated by the B-digit. The
position of +the inversion digit is of no importance, The order
of LR indicates +that R has preference over L. When R and L are
used together, only a shift to the rvight is effective. As last

action the additions with Q and A teke place. The position of
the K-digit is unimportant.,

AL

3
2
i
£
i
y ]
£
S
. :,:;
i
£3
=
2
:
£
4
3
H
3

.45 The notation of the instructions

All instructions Dbegin with an A or an X. As an X jumping
toc the immediately following register is very frequent, an ab-
breviation will be introduced: %p) = Xp+1 18 to be denoted by N.
Then other functional digits still can be added.

In general an instruction consists of an opening symbol A,
X or Ny after which one or more addresses follow together with
functional digits, When a drum address (having 3 digits or being
>32) is written first, the wait digit is kebt O by +the input
programme (Cf. 2.83); when +the short address comes first, the
walt digit W is automatically set to 1. A short address O may be
emitted completely. Two addresses are gseparated by funcitional
characters or by a dot. E.g. X123.4 or A356BC5. However, when a
short address ocomes first and when a drum address is following,
W=1 and +the drum address is no more effective as an address,
With respect to the application of counting, +the address when
written as g is put in as 8192 -~ 2g. ZXK6R31 has W = 1, short
address = 6, drum address = 8130,

2«5 Some examples

.51 A simple programme
Be asked to add (133) = (135; -~ (4)—>6 and

(B) - & —3B
100 | AC133 {133)— 4
101 133 ecan be reached Jjust in time
1021 4135 (135) + (A)— A
103 .
104 | ¥QI4 () - (4)—~ 4 and (B) ~&-— B
105 | NE6 | (A)— 6
106 | © Neutralime special jump

When these instructions are given the following is hap-
"pening in the registers:

A B C D

8 b X10 During  A-~instruot-
- ions a continuous
AC133 | X102
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C

(1 3‘3)_“'

(133)+(135)

(133)+(135)~{4)

X102
A135
X104

X105QI4.
10656

S

X104

™ X106
gy
X107QT4

transport of the
intermediate X—
instr. is taking
nlace between C and
D.

Here only transport

e A

from ©C —» D takes

o

X107 ~. - place,

ato,

2,52 The use of the return instruction

One of the aids wused most in programming is the calling
in of a sub-programme. With +this facllity all complicated
operations such as multiplication, division, square-rooting,

calculation of elementary functions etc., can be reduced to one
instruction.

The calling-in of a sub-prodgramme (for instance on 200) is
effected with X200KE4: jump tc 200 end place return inatruction
in 4. This return instruction may be placed in every other short
register according to the requirements, The lay-out of the main

- programme and the sub-programme is as follows:

400 | X200KE4 Jump to 200 and place return instruct~
101 ion in 4.

102 | Programmse retufna hers

Sub—~programmes
200 Hﬂ o s

t
i
!
!

Neutralize KB4

200+k | XE4 Jump to return instruction

The actions in the registers are as Tollows:

Al B ¢ | D A

smbiiiraditinisvaior y ’ oyt

Ak i

¥

X102 o
Nsos | 1102

¢

x4 X202 + k

B T R mos oaAr o

T P R R LT R e ran
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Often a sub-programme which is completely contained in the
sbort registers is ocalled in (sometimes with one instruection
only). This is done as follows:

1001 HEIG7 Place rebturn instruction in 7
101 | X6 Jump to 6 (if necessary with other
1. functional digits).
102 1 et
Programme returns here.

61 Instruction

{7 | Return instruction

The property of returning +two instructions later on is
very useful here.

This latter property is less desirable for normal sub-pro-
grammeg., Hence it is better to adopt the convention that as a
rule all sub~programmes will wreturn on +the next instruction
(p + 1). The gub-programme then runs as follows:

200 | Ne a s Neutralize

'

;

3

3
200+k | NE4. Take in return instruction + (~g)
201sk | -1 inte C.

2.53 Stopping and starting

A Btop dinstruction as such is unknown in the ZEBRA code, 1t
may be replaced by using the so-called loop-stop: (100) = X100.
Vhen the machine comes to 100 the control continuously takes the
next instruction from 100, It is a drawback that ths programms
cannot leave +this point of its owm accord.

¥or +the following method of stopping the selection switch
T is used.

100 1--}{1 OOKEAUT Conditional leop-stop
104 - |
102 | Xp —

The seolection .mitﬁh 7 has ©been materialized as s keay
having a mnormally oclosed contaot, which is opened when being
pressed. The following takes place in the registers:

- X100 |
X100KE4UT_| X102KE4UT | X102 _
X100KE4UT_| X102k14U7 | X102KB4UT | Now e.g. KST is pressed

P HTTIT ooy

—— e — -

- v e,

PR TR AIAE I TR R ]
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C D j 4 J
X102KEAUT | X102KE4UT | X102KEUT | X100KE4UT = 4 = A0 11
XHOZKE4Ufi X1OEKE4U{F |  Also X102KE4UT = 4 until
p :31{‘3 0AKE4AUT KS7T is released.
(p) TXp + 2 *
atc.

When KS7 is Ybeing pressed nothing happens, but when the
key is released, the programme rosumes its normal action. This
procedure has the advantage that the machine, after having heen
gtarted, can immediately siop again. When KS7 is kept depressed,
the maohine may skip a stop instruction of the before-mentioned

type.

In order +o make +the machine start at a predetermined
point, another key has been provided which clears C. Now X000 is
executed (on purpose the instruction which ocompletely oonsists
of zeros has been chosen here)., Normally at OC0 a stop instruct-
jon XOO0KE4UT may be found.

The use of the test instructions

A +test oan ocour with two types of operations: with X~
operations and with A-operations.

With a testing A-operation adding or storing +takes place
dependent on the tested eriterion, Frequently in the course of a
programme bifurcations occur. In that case the test is attached
to an X-operation, which either Jjumps or continues on the in-
gtruction 2 registers further on.

100 | X200V1 _ Jump to 200 if (A)<O
101
102 | etc. Otherwise go 4o 102

It is very important that on 200 first the special jump
X200V1 is neutralized by another jump, as otherwise +the nexi
instruction would be taken in by X202V1, etc. Testing would then
take place continuously on the intermedlate jumps. When the pro-

gramme is beginning on 200 with N....., the formey Jjump is auto-

matically neutralized.

A few special applications of testing instructions are:
100 | ATC2VY Form modulus of (&)

and _
100 | ATBC3V2  Form modulus of (B)
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2.6 Possibilities of the code

2.61 The repetition of an instruction

In ZEBRA +there 1s a possibiliiy 4o repeat an instruciion
‘'which is located in a short register, a number of times (maximum
4096 times). In general this is performed in the following way:

(The examples given below all begin at 100. This is, howsver,
only arbitrary.)

400 | NKE7 - Place return instruction in 7
101 | X6K...7D Jump to 6 and repest p times
102 | etc.

6 | instruction %o be repested

(7 | xeturn instruction

pr—y

Hare p ig8 the number of times that the instruction must be
repeated. The instruction on 100 placss the return instruction
on T, and then continues on 101. Here is to be found: jump to 6,
while the drum address is 8192 -~ 2p which, &as an address, has
no effect. If necessary, other funcitional digits may Dbe
added. The drum address in the X-instruction is augmented by 2
gach time when 1t 1sa transported from C to D; hence after p
times the drum address is equal to 8192. But this is exactly one
unit of the short address, which consegquently direcis {the ma-
chine to the next short address. Hers the return instruction has
heen placed, 80 that the repetition of the instruction is ter-
minated. It is not necessary to use 6 and 7 for the repetitiong
3 and 4 may alsc be used. The repetition jJjump need not he in 101
pither; it may be placed in any arbitrary place., It is also
possible +to rTepeat +the calling in of a sub-programme. The in-
atruoction to Ybe repeated may read as follows: IXnKEm. 1In
prineiple sany number of instructions from the drum can be re-
peated with this triok.

2.62 The pre~insiruction

It often happens that a constant must be placed in a short
register while effecting an N-operation, This can be done as
followsa: |

100 | KE5 Store in 5

101 | AC102 (102)—= A. X103E5 goes to D |

#4102 | sonstant | '

103 | Neoo This 4netruction is taken in with
104 | ete. X103E5, which effects the storing in 5.

In this example the storing is attached to the X-operation.
As this X-instruction i1s always ciroulaiing between C and D,
the storing is also effscted aftexr tsking in the constant.

In general mmech attention must be paid to the use of an
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A-jnstruction after a apecial X-instruction.

Tn all examples the programme is always agsumed to¢ Dbegin
with a normal Jjump. This can always be done by an ¥ on the last

instruction.

2.63 Multiplication

‘The multiplication of +two numbers with sign is done ac-
cording to a system devised by VON NEUMANN. The multiplicand is
put  into short ragister 15. The multiplier is put in'tc:'B, and A
is cleared. Dependent upon the extreme right-hand digit of B,
the contents of 15 are either or not added into A. Then a ashif+t
to +the right takes place., B thereby loses a digit on the right-
hand side, but receives a digit of ibe tail of the praduct on
the left-hand side, (This digit is not altered any more in
subgeguent action.) In B +the multiplier disappears gradually,
while the tail is shifting into B. The head remains in A,

with +the LR-facility +the nucleus of the multipliecation
runs as follows:

100 | NKLRCES " place return instruction in 5
101 | X4K15LR Repeat (4) 15 times (X4KLR is done 16
1. times)
102 | NLRL Treat last digit negatively
4 | ALR

15 | Multiplicand

According to the complement representation for numbers the last
digit of the multiplier must be treated negaiively. For example:

a}{=(_§)=ax1,011 =ax(1300040,911)=ax(-1~s--%)

The execution +time iz 11 ms. ALR has 0o be placed in 4 in
sdvanoce but this can be done once for all when many multiplicat-
ions must be done (e.g. in power series etc.).

A simpler way for multiplication 1s the use of a sub-
?rﬁgraﬂ:imat

in example of a general sub-programme for multiplication
will be given here. When called in with X100KE4Q it determines
(A).(B) in double length, head in A, tail in B. When called in

with X101KBE4Q it determines (4).(B) rounded off in A. B contains

tail + %. Suppose that at the beginning: (4) = a, (B) = b

100 | X102E5 Pre-instr. (B) = b + & . Plant carry O
101 | NERV No carry
1060 —+102 | A1030E15Q1 a-»15. Plant carry = i. Restore (B) = b
1103 | -ALR ALR—=5 with opre-insiruction. V sctive
a but harmless

b ————— - I e e e
L ) B T et L T R R R B L P N D L ES -

L S L U SN PO e hemaebn b e
ben g s an e e L e e . w . R e e




104

NXESLRC

105 | X5K15LR

106

- n407

NEK4ALRI
-]
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Place return instruction. Clear A
Repetition for multiplication.

Vs

penultimate cycle.

Last

if opresent, adds round-off on

cycle negatively. Return to main

programmsa.,
Constant for deoreasing reiurn instr.

by €

3

When a multiplication must be done with a constant factor,

100
101
102
103
1C4

Witk +this
ficlently.

R5
NRS
XR
NR5
NR

Form
Form
Form
Form
Form

it can be done fasier than the general multiplication programme,
when the constant factor has less than 33 digits, Suppose that

(%) must be multiplied by 0.1011. A and B are alearsd st the
beginning.

1.0
Te1
O.11
1,011
0.1011

(5)
(5)
(5)
(5)
(5)

M M M M M

example® +the method has been elucidsted suf-
Head and tail of the product are awvailable. The time
of operatlion can be much less than 10 ms.

The same method can bs applied for wmultiplying from left

100
101

102

103
104

105

106

Division is

- NBCS
WL

WLB5
NLB5V
N1BV
NLBSY

N&#ﬁv

- 2.64 The division

to right, e.g. (5) x 101101.£

Form
Form
Form
Form
Form
Form

(5)
(5)
(5)
(5)
(5)
(5)

1&

10 ¢
101¢
1011¢
10110 ¢
101101 ¢

M H M K H MW

¥V for last carry--over

The

the inversme cperation of the multiplication.
Hence 1+ must be pomssible to divide a double-length dividend by
a single~length divisor to obtaln a single-length guotient and a
single-length remainder,
restoring division.
numbers is of importanca.

syatem that has been used, is the

Only +the case of division of non-negsative

According +to VON NEUMANN the double-

length dividend will be put intec A and B (head in A, tail
without sign of its own). The divisor will be put into 15. After

subtradtion of the divisor in A 1t can be tested from the

sign whether the subtraction was possible or not, The diglt of
the quotient may then be placed in the last {non-oceupied) place
of B; if necessary the divisor is again sdded 1f the subtraction

Fp Eals 2 e o LRI LA ol

it M

7
,'Es
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L
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.
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was not possible. Ultimately A and B together are shifted one
place to the left. From B a fresh digit is shifted to 4, whils
in B &a place 1is avallable to take the next digit of the quo~
tient. At the end of the operation the remainder is in A and the

guotient in B, -

| In order to programme the afore-meniioned process it will
be split up into two parts:
a. Shifting and subtraction of the divisor.
b. If necessary, noting down the digit of the quotient and the
addition of the divisor.

The operation a +takes place 1in any case, the operation
b, however, depends on the sign of (A) after the subtraction,
If (A) becomes negative, the subtraction must be annihilated,
whilst no digit of the quotient 4s added. If (A) remaius
pogitive, the subtraction should not be annihilated, whilst =
1 should bes added 1o the quotient., This difficulty ecan be
avoided by adding the negative of the divisor and at the same
time adding a 1 during period a. During period b both +the
subtraction and the addition of a 1 in the guotient are either
or not annihilated. :

As the +testing 1is always performed on +the signs, the
dividend and divisor should be made poaitive beforehand and +the
gsign of +the quoitient should be +taken care of afterwards. A
slight advantage is that,; as the quotient is always positive,
the first subtraction has to take place in no case.

The nucleus of the division is performed as follows:
(4) = bead of the dividend with sign (= O)

(B) = tail of the dividend without sign, directly following the

{15) = - divisor

100 | NEET Place return instruction in 7
101 | X6K3I11LIQ Shift, subtract divisor and add a 1 o
' the quotient. Repeat instruection on 6
11 times.
10_2_’ _A%Ilsz‘l_ 3 The last operation of the repetition is
;G3 shifting. Hence +the 32nd restoration
must still be performed.
164 etCt
6 | AQT15V1_
(7 { return instruction
15 | divisor

When fractions are divided a rounded off gquotient is mostly
desired. This rounding cannot be performed by adding & +to the
quotient; as <+the quotient is only of single length., Hence tha
rounding is effected by augmenting the tail of the dividend by
& x (divisor). For this purpose it 1s, however, not necessary

'''''''
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to form half of the divisor. As the +tail has no separate sign
8ign digit of the divisor effects the right spacing

between the taill and the head of the dividend.

The general division programme for (A)/(B), rounded off to
A and B is running as follows:

100
101
102
101->103
104
105
106
107
"108
109
110
111

110—=112
113
6 —114
115

NIBC3
X1031C2V2
NBE15IV
NE6
A106CETR
AQI15V1
A108CESLQ
X114I15
NCT

s e deeE v Al

X5X32LD]

NEQB23
NC3

116 | NE4

-1

n"y47

The

pProgranme

Shiftin

L

YWhen
done most

¥hen
it can be

100

time for the

Set borrow = 1. NIBRC3 can act two +times

Form —|{b| and complement a accordingly

Store «|bl— 15
Pre-inastruction
R on 105 and LQ on 107 are
32 =1

AQI15VY — 5

X114115-— 6 as a return instruciion

8 - &> A, —& serves as head for ~%|b|¢
in tail
Pirst eycle of division. In fzct:

A —-§ —» A

3“&""*7:
getting b

a + b ;;é:bii =1 9 q - &€

Repetition for divieion. Does one cycle
to much. X114115 and R on 114 corrects
for this.

Form (1 + @ -~ 2€) + (1 ¢+ &) = q + A=
rounded quotient. (23) = -(23) 1!
Places quotient in B too

Return %0 main programme

actual division is 22 ms,., The complete

has an average operation time of 36 ms,

a number has to be shifted to the right this can be
quickly with a numbsr of RKR-instructions.

shifting over s large number of places is necessary,
effected better in the following way:

NEET

101 | XX6Rp

102

N or NR

Flace refurn ingtruction
Repeat the shift instruection p times,

6 | AR

(7| return instruction

During +the repetition shifting is effected over 2p ¢ 1

|

o TERC T RTH A SRR SRR b am ™ e b HT To b B et 2
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places., VWhen the reguired number cf places is even, an NR can bhe

added, The time is 10 ms.

In the afore mentioned examples A and B

means of NRBC3 or ARBC3. B then receives no carry-over digits

from A, In +the same way B alone can be shifted by NRCZ2 or by

ARCZ2., B is now supplemented with zeros,

The shifting over &a number of placea, which number is

itself a result of a previous calculation, is effected as
followsa:

2 | number to be shifted

3|~ (number of times)
4 | return instruction
5 | AQRBC3

100 | NKIE4 Place return instruction in 4

101 | XXHV2 Repeat the instruction in 5 and test

4—102 EE
101*&103]§etc, Programme comes back here dlrectly when

(3) = 0

Ag  the action has certaln peculiarities a diagram of the

action in A, B, C and D is given:

A B C ' D I 2
a -28 2100 _
X101KE4 _ | X102 N
XK5V2 | X103KE4 X102
AQRBC3 XK5V2 P
&"f -~
2a - ~18 XK5V2 - X102
AQRBC3 ‘#“,XK5?2 P
) +0 XK5ve = A | X102
X102 “
S
| stc,

always shift
together. When only A has to be shifted,thls can be done by

When B hecomss positive, XK5V2 is no longer executed, but
instead A (= AO) is executed, Then X102 comes intec ¢ and the
programme returns. This will be called a testing repetition. For

such & testing repetition the return inatruction must be placed
in 4,

The methoda availsble for shifting to the left are

analogous +o0 those for shifting to the right. Only LR must be
dealt with carsefully.
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The same method used with R, for shifting only ons of
the accumulators, ocan be used with L. However, it is better

and easier to wuse N2 or NB3, viz, add A (B respectively) to
itself.

2.66 Normalization

Normalization is the shifting of a number +to the lafﬁ-until
it lies Detween ¥4 and 1, ‘together with the counting of the

number of places shifted. This operation is important with
regard to floaiing point arithmetie,

Suppose that the negative number a is in A,

100 | NKE4BC Place return instruction in 4 and 0 — B
101 | xx5V1 Repeat AQ2 (shift A, count in B) until
——— the test tells that the first =zero in
102 | atc. | A has come in a_

4 | return inasitruction

51 4Q2

The time is 10 ms or 20 ms. The same programme can also
serve to search the lefimest 1 in a number., Instead of a normal
count a shift count is then held in B by beginning with € in B
and making a double-length shift by (5) = AL

2,67 Automatically varisble instructions

With ZEBRA it 1is possible +to operate with instructions
which, although they are fixed in the store, yet are modified in
the address with a wvariable ocount befors they are sexecuted,
Suppose that the number must be taken in from register 300 +« k.,

100 | KK6 Take in AC300 + kK7 —= C
101 | AC300K7 Execute the operation and form
102 X103 in ¢
103 | ete,
6tk
T | - X000K6

The action dimgram is:
A C D 1
X100 ]
X101K6 - %102

AC300skK7 | X103K6
(300 + x) | X103 ] 1 (7) is =dded to ©
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1fi: Tt often happens that a numbsr must bs looked up in a =mall

i
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ble,
gigits O - 9 must be recoded. Be the digit k, then the recoded

digit is denoted by £{k).

This

e.g. the case with recoding. Suppose that the

With the application

mentioned method for looking up, a complete revolution would be

neeaded.
offected with a minimum of access—time. Suppose (A) = k

the 1list,

shortest possible tims.

100
101
102
103
104
105
106
107
108
109
110
111
112

The

ladder.

I+ often happensa

However,

NKZ

AC102K6

£(0)

£{1)
£(2)

5 £(3)

£{4)

£(5)
£(6)

£(7)
£(8)
£(9)

stc,

+ime

by doing it din the following way it can be

Take in AC1024k¥6-—>C
Pake in £{k)
X103K2 - XOOOK2 + X009 = X112 ~—=» C

X103Kk2 ~—=D

(6) = — XOOOK2 & X009

Function table

Programme resumes its action heTe.

for looking up is always equal to the length of

In some cases this process can be sgpseded up consider-
ably by placing 32k in A, With this trick the table is spread
out horizontally on 102 + 32k. All f(k) can be reached in the

This 1s c¢zlled a horizontal list or

that a jump to a variable place must be

executed. This can be effected as follows:

100

101

102 |

NK2

The jump instruction whick is %aken in,
neutralizes +the =special Jjump ¥KZ, &0
that no speclal constant in 6 is=s
nesded

Becomes X102 + k

of +the afore

This ladder of jumps can also be spread out horizontally,

The execution of variable insiructions which are dependent '_
upon +two oounts can be effected with the following programme:
- Suppose that we want to look up a number in 300 + k # 1 |

ISP FiL stk ol e e LR LR E
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100 { NC4
Form k + 1 in A

101 | B5
102 | HK2
103 | AC300K6 Execute variable instruction
104
105 1ete‘ Al

511

6 | - XO00KZ2

The only +time which plays a r8le in these varisble in-
structions is the access time for an arbitrary number. All other
instructions are optimum.

2,68 Block transport

AR

Data can in & simple manner be quickly transported from
the drum ‘o the short store and vice versa. The locations on the

drum must be placed on k, k¥ + 2, k + 4, etc. With a2 wview +to
executing every second instruction +this must be ocalled the
"normal" placing.

A programme which +transports 5 numbers fromm, m ¢+ 2,
m+ 4, m+ 6, and m + 8 to 6, 7, 8, 9, and 10 runs as follows:

100 | HCH (5)—>4
101 | ABC102
402 | X002,.1
103 | AB104CE15 X002.1—> 15
1104 | AmCES AmCES —» B
10% { NKE4 Place return instruction
106 | X3K6BD Repeat (3} 6 times and advance it
4 —» 107 | eto. aveyy time

As this programme uses the XD-facility, an action diagram will

be given.
A B C D
X100 g
Ty
X10165
B
(5) ABC102 %1035
X002, 1 X10305 :-.,,.
AB104CE15 | X105C5 X002,1~*15
P
AmCES X10505 | _
xmsma, N X107C5




A I B C l D :.......
(%) AmCES \WXB,E;SB:D L - X107C5 —=4
Am+2CE6 AmCES _X3K5BD
(m) | %xsp (5)—5
Ams4CE7 | Ame2CE6 | X3K4BD
(me2) | x3x43D :".,,, (m) —=6
Ame6CES | Ame4CET _X3X3BD
 (med) | ®xmp [ (me2) —= 7
AmsBOES | Ame6CES X3K2BD
(ms6) \HX,?,KEB]) f:_: (med) —= 8
Ams10CE10 | Ame8CES | X3K1ED |
(me8) \X}K‘! BD iw (meb) —=9
Ams12CE11 | Am+10CE10 | X4KBD
(me+10) -? XaxEd | (me8) —=10
X107C% --
(5) | stc. \T_h

Onhce m has been reached, all following instructions are just in
the right places.

A second way of doing block transport is by stretched pro~
gramme. A fine example ia the following sub-programme of one
trackful of instructions (inecluding working registers) to
transport the contents of all the sghoxrt storage looations o
the drum and back with the same set of instructions!

It is called in with: NC4

X100KE4RC
+$0 4rangport from short storse to drum. I% is called in with:
X100KE158CQ
to transport back from drum to short store.
S35 —=DS DS = 33
100 | NK3 (B) =0 (&) = (4)|(B) = 1 |
101 | ATBC10174 Test fails Aotz as ATBC102!
"102 | X000B2 (B) = still © - 1 (B) = ~-XO00E2 < O
| AD10405-X000E2 =
103 | AD104C5 (4) —= 104 21040E3
{104 | | (104) —~= A
105 | AD106C6 (%) —> 406 A106CE4 ~—=C
(106 (104) —» 4
10T | AD108CT (6) — 108 (106) — 5
{108
109 | AD110C8 (7) - 110 (108) —= &
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5

, | Apt12ce (8) — 112 {(110) — 1T

2

5 | AD114C10 (9)— 114 (112)—8

4' .

5 AD116C11 (10} — 116 - (114)—=9

5

+ | 4p118ci2 (11)—= 118 - (116) — 10

5

o AD120C13 (12) —» 120 (118) — 11

O

4 | apiz2cig (13)—122 (120) —=12

=2

4 | AD124C15 (14) —= 124 (122) —13

4.

= AD126016 (15) — 126 (124) —=14

& (126) — A
. Becomess

7 | NBCE1TV2 _ Test fails NBC15V2: (15)~s B

8 X130E15 - (126) —=15

= N84 Return instr.—»B |

'S NK Return to main programme

ol

L3 3 Dprogramme can bs used to extend the usefulness of the
4+tore. The drum acis as a backing store. When called in
s 32k, the operation time is only 10 ms.

A g of the contents of consgecutive registers

T ————— P

+Ir the +trick mentioned in 2.68 of placing an instructioen
hoe ocontents of a large number of consecutive registers
&Aded very guickly. For example: add all registers from
A00:

} Place AQ200 in B
Place return instruction
Execute AQ200s+2k 51 times. k=0(2)100

The same for the reglisters having odd

numbars

. __ e e n e m e e bl Al A AL B L MR, DR dh b R W oy
e e e HL LT PIVERPEIT S TR = LI N L




(110
111 | AD112C9
(112 |

113 | AD114C10
(114
115 | AD116C11
(116
117 | AD118C12
(118
119 | AD120C13
{120
121 | 4D122C14
(122
123 | AD124C15
(124
125 | AD126C16
(126 |
127 | NBCE17V2 _

pualE @ AN 0 OB A A

128 | X130E15

127 129 | NB4
128 130 | NK3
131 | =1
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(8) — 112
(9) — 114
(10} — 116
(11)— 118
(12) — 120
(13) — 122
(14)— 124
(15) —» 126

Tegt fails

Return instr.—»3

(110)—17

(112)—=8
(114)—9
(116} — 10
(118) — 11
(120) — 12
(122) —13

(124) —14

(126) — 4
Bacomasa:

(126) —=15

Return to maln programms

NBC15V2: (15)— B

This programme can be used to extend the usefulness of the
acts as a backing store. VWhen called in
from 99 & 32k, the operation time is only 10 ms,.

gshort store. The drum

2.69 The adding of the contents of consscutive registers

With the +rick mentioned in 2.68 of placing an instruction

in B, the contents of =& large number
can be added very gquickly. For example:

200 to 300:

100 | ABC101
101 | AQ200
102 | NKB4G

103 | XK3851
4 — 104 | ABC105

105 | AQ201
106 | NKE4
107 1 XK3Q%50

} Place AQ200 in B

of econsecutive
add all registers from

Place return instruction

Lxecute AQ200s2k

51 times.

registers

=0(2)100

The same for the. reglsters having odd

numbers
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wWith +the exception of +the access time Tfoxr the Tfirst
rogister, this programme is completely without walting +times.
With +this programme a check oan be very quickly made on a pro-
gramme which is put in by the input programme by summing up all
the registers put in. It is possible to add to every programme
s cheeck number in such a way, that the sum is exactly O. This
gives s wvery quick and reliable check on the input.

2.7 The duality between A and. X-operations

I+ has been shown that programmes only consisting of adding
jumps are very practical. It is, however, also possible to make
programmes only consisting of Jjumping additions.

Tn +the first place it is possible to have two A-instruct-
ions in succession. An example will be shown of the manner in
which a number psir may be tsken in from m and m + {1, without

waiting time for the second component. (B) = m
100 | NE5 Pre~instruction
101 | A102C3 ABCm+1K1 ~ X107K3 —A
#4102 | ABCOO1K1-X10TK3 Store this in 5
103 | NKE4 Store return instruction X1GSE5 in 4
104 | K3 Take ACmK5 into C
10% | ACOCOKS Next, ABCm+1K1 1is coming to C
106 ;etc.

The action diagram is:

A B c D
. | TR s s ™ e
m X100 —
X10185 [
A10203 _X103E5
&
ABCm+ 1K1~ X10385 | _ ABCm+1K1-X107K3.
X107k3 X104KE4 | X105E5 —5
a
X105K3 X105E5—4
- E
ACmKS _X107K3 |
(m) | ABCms1K1“| X10585 | (4)—»D
o
(ms1) X106E5 K1 adds 1 %o C
eto,
Hare the interruption of +the alternation X-inatruotion ——

A-instruction plays an aotive »8le.

The use of a répaated A-instruction without intermedilate
Jumps will be demonstrated in the next programme, which is in-

tended to clear the store from 32 onward,
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32 | NCB4 Clemsr 4 and A on second aciion
33 | ABC34
134 | ACD33K3Q - X39CE4

35 | AB36CES  (34)—5

"36 | ACD34K3Q (36)— B

37 | ACD32K5 Clear 32 and start programme

The action ls:s

A B v D
 X336B4 |
0 ABC34 | X35CE4
£
(34) X35084 | 0—>4
AB36CES X37CE4
| 1
|  ACD34K3Q X37cE4
ACD32KS | X39CE4
ACD3I3K3Q | © 0 —»32
"""-.“ E_A.-f‘
ACD35K3Q _| ACD34K3Q < 0 —33
ACD36K3Q .| ACD35K3Q 0 —= 34
ACD3TK3Q _| ACD36K3Q 0 —= 35
§ ey ¥
i ~., '
kGB&GGKAQH“‘}Cnﬁ191E3Q 0 — 8191
ACDOOOKAQ |
X000 Stop on 000

This +ype of process is double as quick &8 a normal repetition
instruction, but it can only run to the end of the siore,

By having our instruction AmK3Q in B, the sum of all
registers in the store can be formed. By atitaching a test Vi, it
is pomsible to end the repetition of AmK3QVi. This is useful for
s ladder test in which a quantity is sorted according to certain

group boundaries stored in consecutive registers, As soon as the

test falls, +the repetition atops by teking {4) as the next in-
struction. The last contents of B give indication; where the
repetition stopped.

It is clear from what has been sald, that there exisis a

complete duality between an adding Jjump and a Jumping addition.

On an adding jump the drum store is used in +the ocontrol, <he
short store is used for the arithmetic unit, and (C)—D. On a
Jumping addition the short store is usad for the oontrol, the
drum store is used for the arithmetic unit, and (D)—=C. There
exist programmes, oonslisting of X-instructions only, as well as
of A-instructions only.
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Input and ocutput
2#81 The inry t

The <4aking in of data 1is performed by means of normal
teletype tape. This is read by the aid of a PFerranti optical
tape reader, reading 200 symbols a second, Lvery symbol consisatsa
of 5 holes. In order to simplify the technical devices as far as
posaible, +the 5 holes of the tape are read separaitsely and are
combined by means of & programme, The registers 26 to 30 gerve
this purpose., When these registers are read, they indloate a
number consisting of zerosg if the relevant hole in ths tape i=
absent, and they yield a number consisting of ones (-£&) when the
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hole is present.

(26) = 5th hole of the tape.
(27) = 4th hole of the tape.
(28) = 3rd bole of the tape.
({29) = 2nd hole of the tape.
(30} = 18t bole of the tape.

A symbol may be read by means of the following programme:

100 | NIBC26 Read O or +& if 5th hole is O or 1

101 | NLIB27 Read 4th hole and add it to the shified
accumulator

102 | KLIRB28 BRead 3rd hole

103 | RLIB29 Read 2nd hole

104 | NLIB3O Read 18t hole

105 | N 31 Step the itape

The transport of the tape to the next symbol 1is performed

by eelecting register 31. For this stepping at least 5 ma are
necessary.

It i obvious that two symbols per revolution can be rTead.

The testing of input indications if any can be done within the
remalning 12 operations. In this way purely binary tapes can be
read at a speed of 25 words per second. One word contains 33
bita. T symbols of 5 bits would be sufficient. Two mora Dbiis
~are then available for special markings. Hence in TO nms 14
symbols (equal to 2 words) may be read. These 2 words must <then

be matored, which takes 11.25 ms., In about 80 ms 2 words ocan be
taken in. |

For +the 'i:a.}ting in of instructions in the normal fo of,
the input programme 2.83, |

2.82 The output
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_For the printing of wresulta a normal teletypewriter is
‘available in the first place. This typewriter is controlled by s
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gignal in the T-unit code. The printing of a symbol is started
by 20 ms low voltage, +then 5 vperiods of 20 ms each follow
forming +the symbol +to0 be printed, snd finally the printer is

stopped by a 30 ms high voltage signal, The code of ‘the S5~symbol
units has nothing to do with the dbinary system as such,

The recoxrding and the time division necessary for typing a
symbol is completely effected by the programme. The machine con-
tains only one communication channel +o +the teletypewriter
via register 25. Vhen 25 is selected;, +the teletype signal is
made egual to the sign digit of A. Furthermore (25? = (A). The
use of this register will be slucidated by some examples,

The printing of a fraction consists of repeated multi-
plications by a factor 10, typing the head and retaining the
tail for +the next multiplication. To this purpose a sub-pro-
gramme has been made, multiplying a given number by 10 and
typing one digilt.

This programme 1is o¢alled in as many times as there are
digits to be typed. Another sub-programme determines and types
out the sign of +the number under consideration and forms iis
modulus. Other programmes, which will not be given here, make it
poasible to type other symbols such as space, ocarriage return,
etc,

An important problem in these type of programmes is the
exact timing., It is necessary that independent of +the place
where +the digit +typing programme is called in, the typing is
affected at the accurate speed and without losing time. Thia is
effected in the following way. The digit typing programme begins
and ends: |

100 | N.ws
B Parform the neceasary instructions
e | X131 Jump to Teturn instruction
]
1
"1.'!51 ~1 Constant for return instruction

Assume +his programme +to be called in from 162, then
further from 163 and finally from 164. The calling in and the
return are in. a favourabls or an unfavourable situation acc-
cording to the following scheme: '

calling in - return
162 | favourable | unfavourable
163 favourable | favourable
164 " unfavourable favourable

| In one case only the returning snd the calling in are in a
favourable position. The time elapsed between the processses of
two sub-programmes ocalled in consecutively, 18 now always COm-
posed of the returning from the former process and the calling
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in of the next process. From the table it is clear that this is
always favourable + unfavourable = 10 ms, hence always an equal
time. The degonversion and typing programme Tuns as follows:

On entering the programme, B contains the number 1o be

typed out (positive). When returning, ome digit has Dbeen typed
out, and +the residue is to be found in 3. The programme is

called in with X{00KE4C. The contents of 5 are made A102.25% by
the sign programme,

100 |. NLBE6 Store (B) in 6. Form 2(B)

101 { ACEZ25 Clear A. Set teletype signal low
1102 | +0 Const. LBE6 still active: 2(B)—6

| | Form 4(3%

103 | NLB6 Form 8(B) + 2(B) = 10(B) = (B)"

104 | ¥1BV ‘ Shift and put carry to O. Form 2(B)'
105 | A106CEER Store digit to be typed in 6. Form (B)!
w106 | X009-XO00K6R LBV still active. Form 2(B)' and 2{(106)
107 | NK6R Form (B)' and (106) in A

108 | AC109K2 Txecute AC109+dK2. Neutralize KOHR

109 | £(0)
110 ] £(1) Table of teletype equivalents of digits
111 | £(2) 0 ~9

112 | £(3)

113 ] £{4) For example:

114 | £(5)

115 | £(6) £(6) = 0.11 00 11 00 11 11 etc.

/ gt St et Mt b

116 | £(7) start 1 O 1 0 1 astop

117} £(8) |

118 | £(9) |

119 NKE6 Store return instr. to 121 in 6

) Repeat A102.25. This is executed once

120 XjKjB per 10 ms owing  to the harmless
121 | X131K4 constant in 102, ' |

: . Return., Placing of —-¢ takes care of

i exact timing
nidq | =1 (5) = 4102.25 placed by sign programme

By the rapeatgd execution of A102.25 the teletype 'signal is
each ‘time made equal +o 8 s and moreover A is shifted, so that

all consscutive digits come %o the place a,. The following pro-
gramme frecedes the typing out of digita: type sign of (B) and

",fo_m‘
132 | NES Pre-instruction -
{ ' The moment of preparation of siart
i
133 | 4134CE25 coincides with 101
134 | 4102.25 A102,25 —5

= e T RT3 P SRS 1
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135 KN Neutralize
136 | NIBC3VZ Form |(B)|
1371 X141 If (B)<0: jump to 141
135—+138 | AC139 Tf (B) > 0:
71391 £(+) Take teletype equivalent of +
140 | X119 Type symbol
136—=141 | ACi142 Take teletype egquivalent of -
w142 | £(-)

1431 X119 Typs symbol

It is envisaged to oconnect also a high speed punch to the
machine, Teletype Inc. supplies punches which are able to punoh
60 symbols a second and which may be used on 50 symbols per
second here, For this punch the separate holes of +the symbol
should be set by writing in 26 to 303

Write in 26: set 5th hole egqual to a
Write in 27: set 4th hole egqual to a
Write in 28: smet 3Ird hole equal to s
VWrite in 29: sat 2nd hole equal to a
Write in 30: set 1st hole equal to a

Writing in register 31 <takes care of the punching. The
punching of & symbol that is leftmost in A 1s executed by:

e 0 0

O

100 | NLE26"

101 | NLE27 |
102 | NLE28 Set the 5 holes
103 | NLE29 |

104 | NLE30

105 | NE31 Panch symbol

This operation may only take place once per 20 ms.

The input programme
When the étore' of the machine is completely cleared, the

‘machine is not able %o take in programmes., For this purpose an

input programme is neceasary. The structure of the input pro-
gramme determines the convention underlying the notation., To a

-certain extent +the programmer is free in choosing his own con-

ventions,

The notation foliowed up to here is an attempt to make the
notation of the instructions as simple as possible, The input

programme can test from the number of diglits whether the address

iz a drum address or a short address, and dependent on the
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order of the addresses a wait digit can be added. The abbreviat.-
ion N for Xps1 also saves much writing and punching.

In this thesis use has already been made of the code as it
will be read by the input programme, However, a few important
points are missing:

1. The input indications whioch tell the machine where to put in
programmes into the machine,

2. The input of numbers.

3. The use of parameters +to make the relative input of PIO—
grammes poasible which is necessary to make +the tapes for
-Sub-programmes general with respect %o +the place whsre
they are coming in the store.

Sl
- P T T S P Y EP O RO E
S P P P

FYSAEFE N .

LS
(LY SRITFEFEL T PP PRy

é;;é‘{ The most dimportant demand to be made on the code is the

i K necessity that the machine must have a o¢lear eriterion in-
dicating what must heappen (for example the end mark of an in-
struetion). This is done by dividing the symbols into opening
symbels and supplementary symbola. Only X, A, N, », -, and 7 are
S opening symbols, all other symbola are supplementary ones. The
BRI opening symbols also play the rSle of end symbol of the former
légﬁ;f instruction. Hence "nothing"” must also be denoted by "something® g
B (viz. X). The separation of both addresses must be marked too. ?
BRI When apart from X; A or ¥ nc further supplementary symbols are
P present, +this geparation must be done bys On the number of
SR digits +the input programme can test whether it has to do with a
| IR E TR drum address or with a short address and also which address
comes first. |

JRAR e 1 RS

G a8 kg s i s ks
s el

LEL T T i
R R PR TR ILT R

e -

In order +to begin the input in a certain place, input in- i
dications are necessary. Two kinds are possible:
a. Begin putiting in at ...

b Start executing at ...

These actions will be denoted by the symbols Y and zZ.
These symbols will be called the input indication symbols. They -
are attached to a normal instruction. | N

Fho THHS H Ao A B A s ottt s S L L e

The storing on the drum of instructions tsken in con-
secutlvely 1s. done in ascending order. With the input indication o
pY, the store insitruction. is replaced by the instruction P o
Normally +this replacing is done with an instruction ADn. Henoce:

ADnY: begin input at n | o

it is also poasasible o replace the store instruction by
other kinds of instructionsy e.g. by Xn, In this way we could _
leave +the Input programme. The disadventage of this method is = |
that the indication where the last instruction has been put in
iz lost. As it is an advantage that the store instruction is
retained, an independent method to leave the input programme is
used. -

¥hen a 2 1is attached +to an instruction, the action of
p<4 is: execute the instruction p and proceed with input. In this
way the inpnt programme csan be left with XnZ. But often it is
ugeful to effect other instructions, e.g.: - -
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AnZ: add (n) to the accumulator and proceed with input.

However, this is not possidble in the real accumulator, as A is

in use for +the input itself. Hence such a Z-instruction is
executed in the following way:

n | AC4 Take in (4)
(ne2 | suao Execute the Z-instruoction
n+4d | N4 Store result in 4

Register 4 acots as a phantom accumulator, It is clear that
only instructions without B are admitted for having a 2 attach-
ed.,

Example of a programme on the tape:

o & a2 8 &

L I & 38

ACZ200Z
A2 Place (200} + (7)—38
AEBZ without interrupting further input

how 4 4 &

FF 1 ¢ =&

The symbols Y and 72 have a second important function. Thsy
gerve ag a special end symbol. After Z the instruction 1is de-
finitely closed, whils all normal instructions are ended by the
opening symbol of the next instruction. When the tape i3 endsd
with AZ +the following parts may begin with blanks on the tapd.
The O (= blank) is no opening symbol and as the former instruct-
jon hes been ended, it can be no normal supplementary symbol.
So each of the supplementary symbels can be used a3 a8 special
opening symbol. With &a special opening symbol O blank tape can
be skipped. The condition in which +the machine c¢comses when
atarted on 000 is the same ms after Y or Z. The other sdpscial
opening symbols are still free.

During input any special operation can be effected by
meana of XnZ by jumping to the relevant part executing this
special action. This programme can return by itself to the input
programme and resume input.

The tape can be stopped by giving XZ. The action iss
Bxacute X. {(0) = X000: jump to 000. (000) = XOOOKE4UT: stop.

The input of numbers oan be effected most easily with a
code which resembles the normal writing of numbers as much as
possible, Therefore:

Integors: e.g. +345 Eﬁximum 9 digite. Zeros at the lefs

may be deleted. The point is on the right.

Fractions: e.g. =.345 or -0.345 Maximum 3 digits.,
Plus and minus are +the opening symbols hers and . is a special
supplementary aymbol +o prepare the conversion from integer %o
fraction.
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| The opening symbol T is used for floating addresses and
will not be diascussed further.

2.84 Parameters

A very important facility of the input programme is the
possibility 1o modify instructions during the input, e.g. to
make programmes independent of the place where they are entering
+the store. For +this purpose it is necessary that one or more
parameters can be attached to each instruction.

Parameters are always oonsidered +to Dbelong to drum ad-
dresses. Therefore they always have $o be written directly
before the drum address, This must be done in the following way:

pPa
where p 1is +the number of +the parameter, P denotes that p
is a parameter number and & is the drum addxess that ocan be
written in this case with fewer than 3 digits.
The signifiocance is:
| pPa = & ¢ (D)

p can be a short address or a drum address. This 1is agsin nor-
mally indicated by fewsr or more than 2 digits. For example:

A8PL13 = AOOOL13 + (8)
X200P5RC15 = X005RC15 + (200)

The input programme is able to accept more than one para-
meter in a word, In +thi# caee these parameters are ocumulativs.
The significance is:

pPePr = ((p) ¢+ @) + r

With +this artifice a set of parameters belonging to a sub-pro-
gramme can be written in +the sub-programme 3itself. Only one

parameter is needed +to tell where the programme begins, and
where the other parameters are placed.

As it is always necessary to use the P directly before the
drum address, no confuslion can result between:
ASP6CT = AOO6CT + (5) and
X5K6PT = X5K{7 + (6)}
‘where the drum address is in fact equal to 8192 - 2{7 4 (6)} .

Addresses with =2 parameter can be looked upon as g whole’
and can be written before the margin as such. |

AD9PY Begin to put in at. 9PO
9PO | NES N is automatically equal to X9P1
1 | a9P20

2| x8p Constant = (8)

. o b ke A g o e b o ok M, Ay b ee {. w

by e SRMMEME sk AHHHEA v o b L s
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9P3 | X33P Jump 1o sub-programme of which <ths
4 ‘ call-in ocombination is in 33.
5 1 ete,
H
t
X9PZ Begin to execute at 9P0

The parameters mainly find an application in sub-pro-
grammes. The following organization can be very useful.

Every standard sub-programme has a number, for example from
40 onward. The sub-programmes necessary for a problem are con-
secutively fed dinto the machine and they are also written con-
secutively in the store, because every programme marks +the end
of itself as the beginning of the next programme in 9. The pro-
gramme 100, notes ita own place in the rsgister denoted by its
own number., For example programme 154:

AD154Y Pat on 154 the instruction which musit

154 | X9PKE4 be used for calling in 154, !
AD9PY Begin to put in programme on the regis-
QPO | mreeeme ter given by (9). The true address con—
x [N —— tained in (9) need not be known to the
2 | ——————e programmer,
ete.

This method has the advantage that it is not necessary for
the programmer to know on which address 4he return instruction
mist be put (this need not always be 4). In this manner the
calling in of programme 154 is done with X1547P,

Perhaps 1t seems a little wasteful to reserve a number of
regiaters exclusively for +this dirsctory. These registers,
however, c¢an be used as working registers in the rest of the
programme, once the programme has been fed into the stors.

2.85 The code on the tape

All symbols umsed have a character on the tape. There arse
32 possible combinationas:

010

Humei'ala

gt O -
e SRV | T - SO PR 5 YR 8




e p e e T TR

NOOOOO el

10
11

12
13 |

14
15
16
17

18
19
20
21
22

23 .

24

25

26

27 |

28
29

30

31

The

Short store for control
Qount, Quotient |
Decimal point

Left shift

Right shift

Inversion

Use B-acoumulator

L W O oo -

Clear

Store in Drum

Store in shoxrt ragister

Floating addresssas

Selection switch

Test

Next instrudtion. Neutralize
- Add

Jump

* Nk R <d O Y QW i o

Y Begin to put in on ...
Z Execute on ...

P Parameter

erase Correction

last symbol is very wsll suited for correction because

1t can be punched over all other symbols. After a correction the
whole word must be repesated. |

2.86 The pre~input programme

Woen +the store of the machine is completely cleared, the
machine ie not able to take in data from ocutside the machine.
In order to bring the normal input programme into the machine it
1s necessary to put a minimum input programme into the machine
with the manual keyboard. This minimum input programme is called
ths pre-input programme. It runs aas follows:

Repeat (5) 33 times
Double (4)
Read one bit from the tape
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003 |X3K1 Junmp to 3 and execute ﬁﬁe time

003 = 3 | AnD31 Store instruction, Step tape
14 Return instruction ZX5Km
Oog::??§_4KQO1KE4 Jump to 001 and store return instr,
4 — 6 | X000QT Jump to 000 and decrease store inatr.

. 'Vhen € is cleared by pushing the clear-button, the machine
automatically begins on 000, 4 jump to 5 is executed and the
instruction found +there is repeated 33 times. On 5 there is an
instruction calling in a sub-programme in 001, 002, 003, 3, and
4. The sub-programme is ussd to take in one hit of the tape at
a time., After 33 operation cycles a whole word is built up.
Every partial result is stored with the Instruction AnD31 in n.

After +the contents of n have been completed, (6) returns to Q00

at the same time subtracting 1 from the store instruction in 3.
In +this way +the normal input programme can be put in in & re-
verse sequence. The programme ends its action, because, after
putting in 004, OC3 4is also destroyed. This 1s done in the
following way. On 004 half the word which has to come on 003 is
put in. Then when the programme begins to build up the contents
of Q03 +this 18 effected Dy doubling the contents of 004 and
adding one digit., VWhen 003 is passed after taking in this firast
digit, +he contents of 003 are alsoc replaced by the word which
has to come to 003, On taking in the next digit +the programme
Jumps from 003. The normal input programme can olear away the
remainder of the pre-input programms.

Interpreting programmes

To make programming essy an interpreting programme has been
made for interpreting a simple code *Y. The main difficulties in
programming are: -

a. Sealing. To ensure that all numbers in a calculation remain
in the range 1>a>=-~1 sometimes requires a great Programe-
ming effort. To¢ make scaling unnecessary +the system of
floating point operation is sdopted.

b. Counting. Performing a c¢ycle a certain number of {times to-
gether with changing instructions in the c¢yele according to
the ocount, is one of the most frequent components of a pro-
gramme,

These two typés of actions have been made extremsly sasy in ‘“the

b

*) M, V. Wilkes, D. J. Wheeler and S. Gill. The preparation of
programmes for an electronic digital computer, with a special
reference to +the EDSAC, and the use of a library of sub-rou~
tines. Addison-Weasley Press Inc,, Cambridge (Mass.) 1951.

R. A, Brooker and D. J. Wheeler, Floating operationas on the
EDSAC, Math. Tables Aids Comput., 7T(1953)37.

R. A. Brooker. An attempt to simplify coding for the Manchester
electronic computer. Brit. J. Appl. Thys., 6%1955)307.
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oode of which the description will be given In paragraph 2.91.

It appears that the flexiblility of the ZEBRA code can be

used very effectively to make the interpreting programme quieck
and simple, A few average times are:

Jumping and testing: 13 mas

Transport of a numher to and from the store: 20 nms
addition: 35 ms |
Multiplication: 25 ms

When we assume this time to average 30 ms, and suppose  the
average time of an instruction in s normal programme to be 6 ms,
the ratio of +ime between an interpreting programme and normsal
programming is 5 : 1 , which is wvery favourable. Of course
standard sub-programmes can have a much bstter average time per

instruction because opiimum programming can be appiiasd, but thia
makes it diffiocult for the programmer.

P I S P 11 (AT .

In paragraph 2.92 a Tew representative parts of the inter-
preting programme will be discussed.

There &re two storeg each having 1000 locations. One store
is for numbers, one store ia Ffor instructions. Addresses in

the number sitore will be denoted by n, and addresses in the
ingtruction store by p.

R W AL TP e PSRNV KU PSR S e

The contents of storage location n will be denoted by (n).
The arithmetic unit contalns an accumulator A with contents (A),

and an auxiliary acaumu%a‘bar B, All numbers are in floating
roint representation 1,107, where O.1<{al<i1 and

~9999 < bg +9999.

The instruction code runs ags follows:
Arithmetic instructions:

Ans: (A) + (n)—a Add
snet (4) - (n)—4 Subtract
Hn ¢ (n})— 4 Take in
Tn: (A)~=n O—=A Store and olear
Un g : (A)—n Store without clsar
vns:  (a)(n)—a Multiply
Nn: - {(A)(n)—a4 Negative multiply
Dn1 (A)/(n)— 4 Divide __ .
Xn: (n)—B Prepare acoumulative multiply
Vot (4 +« (B)(n)—4 Aocoumilative multiply _ _
Hnit (4) - (B)(n)— 4 Only on V or ¥ immediately - |
following X



Control instructions:

Xpt Jump to p

BEp ¢ Juamp to p only if (A):?~G, otherwise proceed normally
Z $ Stop |

Z v 3 Special instructions

$ D 3 Prepare count to p times. p = 0 is not allowed.

Count =and if not ready, return to instrudtian follow-
ing the associated + instruction

R 3 Can be attached to an instruction {except +, — and 32)
thereby making +the specified address relative to the
count as far as it has gone (e.g. ARn = An + &)

#R Bring count of outer cyele in safety
B - S Bring back the count of cutexr cycle

Input and output instructions:
Ln
Pn

L L3

Read a number from the tape and put it into n

Print (n) in <floating form. Mantissma in 9 decimals,
exponent in 4 decimals

L

Non-slgnificant 2zercs in addresses must always b; SU -
pressed. Addresses 0 must always be deleted.

The coding of numbers on the tape can be done in fixed
point formj; e.g. +356 3 ~0,005778 ;5 +357.2056 .Non-significant
zoros may be suppressed. The number of significant decimals may
not exceed 9. | :

Or the coding can be dons in floating form:

+356 coded asg +.356843

~0.005778 coded as ~e5778E-2

+357.2056 coded as +.3H572056E4+3
But the following is also permitted:

+357.2056 coded as +3.572056Es2

Numbers can only be taken in by I—instructions,

The special Z-instructions are:

BN NN NN NN

: Stop
1 1 (A)— A
2 2 exp(A)— A -
3 2 In(A) —» A
4 sin(iA)— A
5 3 cos(4) — A
6 3 arctan{4) — A
9 3+  Carriage return, line feed
10 ¢+ log(A)—A

A

. — ETNate )
g B e WA i
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Z 11 1  arccos(d)—> 4
Z 12 1 gainh{A)-— A
Z 13 3 cosh{A)})— 4

Z 14 3 arcosh(A) — A
Z 15 3 artanh(A)-— A
Z 16 1 10.(A) — 4

Z 47 1/10.(A) ~—» A

Input of instructions is done by feeding in a tape on whieh
the ingstructions to he exeocuted are punched. This tape must be
preceded by an input indication Y p which signifies: begin to
put din from p» onward. p can be zero; then the tape just begins

with Y. On the +tape the same code as for normal programmes is
used with H =B and 8 = C

At the end of a programme tape a mecond input indication
must follow, giving the location of the first instruction to be
exeeuted. This has the form YpY : begin programme on p. More
precisely: Y followed by Dblank +tape = zero means: begin 10
exacute on address mentioned in the last Yp. Thus the tape for
a programme beginning in O just beging and ende with Y.

For more advanced users a number of more difficult fa-

cilities is available, Most of these facilities are connected
with counting.

A large number of variants of +the instructions is derived
by Dbeginning the address with a zero (normally suppressed).
These orders have a different meaning. Also a O and an R can bhe
attached +together. It is irrelevant whether the O precedes the
R or not. R ¢can also be attached at the end of the address.

" In having asutomatiocally variable addresses with R it is
most desirable +to be able to advance the address not only by
unity but by an arbitrary amount. This can be effected Dy pre-~
raring the count with an instruction +pq and counting it off
every time with q by attaching an address g - 1 to +the related

-~ instruction. In accordance with this, counting off by g = 1 is
done with -~ with a suppressed address q - 1 = O,

Sometimes 1t is useful to vary an address not by adding a
count but by subtrecting a count, resulting in an sutomatic
variable address running backward. This can be done by adding a
O together with the R on the instructions A, S, H, V, Ny, D, Ty

U, X, X, By V, and P. On ER only a forwardi running oount 18
posaible.

Sounta can be

preget to a2 calculated amount of times by
usings:

- Prepare count to the number of times, mentioned in n,

Of course this number can be 0. In this case the control does
not exeoute the next instruction bdbut the instruction following

g e LA o AR

i g g sac
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the next instruction., In that case a jump supplied by +%he pro-
grammer can completely delete the cycle. E.g.:

100 | 405 (5)=0
101 1 X103 If (5)>0 exscute process normally
102 | X129 If (5) =0 skip process

101103 | caes

I Process
R

129 —
102 —=121 | ete

{n) are not allowed to be negative. In such a case the machine
gtops and glves an indlcation of the nature of the faunlt,

A possibility +to modify instructions is through the in-
struction:
-0n : Put (n) into the count register as modifier

A following R-instruction is then augmented by {(n) {(may de =0
or =<0). Use is made of the count register soc that an outer
count must be first brought in safety with +R.

It 1is appropriate to make some remarks asbout the +R and —R
instructiona., There are Tfour registers for retaining inner
counts. Suppose they are numbered k = 0{1)3. Then the action of
+R and -R is:

#sR ¢  Count—»k, Advance k—k'= k + 1 (mod 4)
-B k —» count. Set back k—k'= k - 1 (mod 4)

So these four registers are used cyclically in forward direciion
on storing a count and are used in backward direction for bring-
ing back a previous count. 3By giving a number of ~R instruct-
ions, 1t is thus possible to bring back an arbitrary count.
The significance of O on an Euinstructicn is as follows:

Ep Jump to p if (A) =0 otherwise proceed normally
EOp Jump to p if {(A) < O otherwise procsed normally
ERp Jump to pecount if (A) > 0, otherwise proceed normally

EORp : Jump to psoount if (A} << 0, otherwise proceed normally

For reading in large quantities of consecuitlve numbers a
serial read instruction has been provided:

IOn ¢ Read numbers from the tape and put them into n and
onward until a symbol Y is encountered on the tape

To facilitate the use of sub-programmes the X0 instruction
has been made as follows:

A0p 3 Store a return instruction, glving the location where
| the last jump csme from, in p
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The use of this instruction in the sub-programme is:

¥Main programmo:

Jump to sub-programme beginning in 100

Sub-~programme:

R0 —=100 | 20120 Store return instruction in 120
3

{(In this came X51)

Z is replaced by return instruection

The time of all +types of inatructions is 30 ms on the

average, Relatlive instructions take 5 ms extra.

In a certain respect optimum programming is 8t111 pos-
sible in +the simple code. A reading instruction (e.g. H, A, V,

X, D, etec.) in location p can reach number location p + 1 + 8k
without & walting +time. This makes the average time 5 ms

shorter. A writing dinstruction (¥ and T) in loocation p ecan

roach p « 1 & 8k without a walting +time. Thus <the following
programme takes 60 ms instead of 75 ms,

100 | H5 Take number from 5. 5=101 {(mod 8)
101 | A6 Augment it by (6)
102 1 U5 Put it back in 5

2.92 The real action of the interpreting programme

Just as all numbers are written in two 1ocafians,.ala§ the
instructions are split up into two parts: an address part and an
operation part. The part of +the store containing the simple

instructions and the flosting numbers begins in the real address
a. The instruction pairs use a and a + 2, a + 4 and a ¢+ 6, otc.
| Thg numb&ra use a2 + 1 and a ¢ 3, a # 5 and a + Ts. etc,

For a s 1 will be written: a ¢ 1 = b . Then an instruct—
jon address p in a simple inatruction is in reality address
a 4 4p, and a numbsr address n in a simple instruction 2 is in

reality address b ¢ 4n. The abbreviations a.+ 4p = p' and
b & 4n = nt mill be used.

The use of the ahart regiatars dnring interpretaﬁian.ia'
9 caunt ragister

10 | mantiasa ‘ )

| | } B-aocumulator
11 | exponent

12 | mantissa

| : } .A.-&céumulator
13 | exponent

14 axmrab#icn'inatructian;af the form ACp'E

1 R R RS T 1 A Tkt s 4o BTG o

s s s st Rt L A o S
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normally

form of a few representative instructions for adminis-
trative functions are:

[ X108E12 - XK4BD ADm'C13
Em {ACm'm Um : | 312208014
. [ACD'E . Adp
Sp e { i -q 3 Adawd
X117B02 P 1x131123

The

+ —» 100
101

"102

103

(104

105

(106

107

H—>» 108
109

110

111

112

~actual dinterpreting programme for these instructions
™uns a8 follows:

| NES
A102BC14

+4

ACD104

ABD106E14

A3KA4ABD
A1O9BCE1 3

+4

NB14
N3BE14
A3IKABD

X—> 113
114
115
116
E —— 117
118

11119 ._
120

121

W

U — 122

123
124

125

n{26

NQE{4
| NEET
| NBC14

| ¢
| A11
"

ABD
2
QBC14V1

NBE14
X3K4BD

NQE6

A124E4
XKO02-X000.7

A126CE5 .
X3K5BD-XK5

Pre~instruction

:} Augment extraction instr. by 4

‘} Store count limit
in 104. Clear 9
Store return instruction
} in 106 and 14
Extract next instruction
Tail —» 13 |
4—+3

} Advance extraction instruetion

Ixtract next instruction
store n&w‘gxtraction instruction

store return instruction & 2 in 7

}-Extraet naxt instruction

Take mantisasa

Test
.} Advance extraction instruotion
If ﬁoa.: new extr. instr. If neg.: pro-
} oeéd. Extract ngxt ingtruction
- Pre-instruciion. BExir. instr. « 2—B
ADn'C13—s 4 ‘ |
ADnt42K6— 5
X3K5BD-XK5 —»6. Extr. instr. + 4—B

Ll
]
.
; s
i H
i
H
T3
R Iow
I
: 3
N -z
< 3
- i
*
. |
-
B
:
i .
N
5
. e
1
=T 4
i A
&
; Pl |
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i, 8
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127 | NBE14 Re-store esxtraction inastrucetion
128 | NC12 Take mantigsa
129 | X4X1 Jump to 4 and eXecute one Htime
130
- > 131 { NO Augment count
132 | N
133 | A102BC14 Augment extraction instruction
134
135 | AT104E9 Re-store count, subtract test limi¢
136
137 _‘ﬁ.'lif}_‘l_f}é?l _ If neg.:tzke return instr. If paa;zprc—
138 ceed
139 | NBE14 Store extraction instruction
140 | XIKABD Extract next instruction

h.}

Of course the parts for addition and multiplication are
much longer. The action time for thege parts is not more +than
really needed for the arithmetic, becmuss these programaa are
completely optimum.

The action diagram for the following short programme will
be glven below.

N . Jump to g
q{ Um otore in m
q+1 | Hn | Take in (n)

The interpretation of +the preceding instruction ended with

NBC14 Take in extraction instr. (14) = ACp'E
_AIK4BD Extract nexi instruction

The action diagram is:

A 3| c p |

'NBC14
ACp'E —
_______ E.,_.._.,EE-"E"?B__*&,.__ S
| ABCp'+2K | ACD'E _X3K3BD #®
ACq'E | X3K3BD ]

%
[*aBepre2x  ['x3kemD
X113q8C14 _| X3k28D  *} ]
o TX113aBC14 | i
ACp'+1E | X114QE14 S




A B J v D
(ACQ'E ACpt+1E X114QE14)
ACp'+2E X115BET ACQ'E —»14
X116BC14 ACD'#2E —= T
- i e {ACQTE (] A3KABD T
ABCQ'#2K | ACQ'E  X3K3BD | %
ADm' C13 JFxkmp
| ABCq'+2K X3K2BD
Bs 22QBC14 _| X3K2BD “T
| X122QBC14 %
| ACq's1E | X123QE6
| ACq's2E | At24m4 ":X12§QE6
ADm' +2K6C | | x125086 ] ADm'C13 — 4
| ACq'+3E | A126CE5 { X127QE6 Q@ still active
X3K5BD-XK5 X127Q86 ADm' ¢+ 2K66C—5
ACq'e4E X{128BE14 X3K5BD-XK5 — 6
X129¢c12 ACQ'+4E —14
x AKX
ADm'C13 X5K *
¥ ];T.BK X—m'
 ADm'+2K6¢ | I5K+002
R AABD . Nl - - .- yo>mivs
ABCq'+5K ACqt+4E X3K3BD *
X108E1 2~ _| X3x3BD
XKABD TABCQ'+5K | X3K2BD
ACn'E4 \L“XE',KEBD
ABCn's2K4 | ACn'E4 X3K1BD *
(nt) | X3K1BD X108BE12-XK4BD 4
“ABCn'+2X4 | X4KBD
(n'+2) x108812 | *
A109BCE13 | X110B12 (n') —12
+4 X110812 (n"+2)—s13
| X111B14
ACq's8E | X112BE14
N I, -‘,\§3§4§3_ oo - _ _ | ACQ'sBE ~14_

For a total number of 39 instructions, only 17 instructions

are

actually specified. The points where the machine must wait
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are denoted by asterisks. When -all +thesse points are counted
foxr 5 ms, then the total time of this example is 53 ms, By opti-
rmim programming in +the saimple code ancther 10 ms can be eli-

minﬂtadc

Espeoially noteworthy 41s the instruction X4¥1 4in +the
U-part, From this point three word pairs are stored or extracted
without reference to a programme on the drum, +thus eliminating

walting time for Instructions.
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Part 3. Simplification in the structure of machines

The eassenitial txges of oPaggiiqgg

il

In the previous parts it appeared several times that by no
means all the kinds of operations in a computer are indispens-
able, We shall now proceed to an investigation with regard to

the operations +{hat are essential. This yields the following
results,

Shifting to +the 1left in +the binary system is merely
doubling, +this 18 adding +to itself. So when there is an in-
struction to add, shifting to the left is superfluous., It is

also possible to shift by multiplyings in that case the tail of
the product must be kept. -

Shifting to +the right oan be carried out by means of a
multiplication by 4, the head of the product bveing kept,

The stop order is superfluocus because it is possible to
make a conditional loop-stop as is actually done in ZEBRA.

Input and output instructions will not be considered
further, ©because a special rsgister can be designed in such a
manner that, when a number is written in +that register, this
number is taken to an output unit, while another register can in
a s8similar manner provide for the input. This procedure has al-
ready been described for the machine ZERO., Input and output also

can be performed by ocompletely aseparate units loading and un-
loadling the store.

The conjuncition instruction can be replaced by a cycliocal
programme containing shifts and test instructions. The corres.
ponding digits of the twe numbers which are to be conjugated,
are consgecutively shifted +o the sign place and tested, after
which the conjunction result is shifted into another register,

The only elementa of a multiplication are testing, shifting
to +the left, and adding, so that a multiplication can be pro-
grammed entirely in =additions and +test orders, An elaborate
example is given in +the description of ZERO. A division can
be programmed in a similar manner.

One of +the orders +to store is alsc superfluous. If only
gstoring with c¢learing 1s present and the number in A must be
kepty, it can ©be extracted again after the storing process.
Storing without c¢learing is also sufficient. Then clearing can

be performed by . subtrzcting +the number +that has just besn

stored,

Adding and subtracting with clearing ocan be cancelled, be-
cause the acocumulator can be cleared with store and clear or
with store without clear and subtract.

So there are left the operations store with cleaxr (T), add
(4), subtract (8), Jump (X), and some form of test order. For
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the sake of a clear understanding the latter will not be cen~
sidered as a funotional diglt but as an independent instruction.
Sometimes a disgulsed operation ocan function as a test, Jjust as
in the ZERC, but nevertheless the hardware required for it nmust
be provided.

One of the orders adding or subtracting is superfluous.
It 1is quite olear +that subtracting 18 superfluous, because
#2 = ~(~a). A sum 2 &+ b can be formed by taking ~(-a - b). |

It is not self-evident that it is also possible %o maintain
the addition and to omit +the subtraction. -z ocan be written as:

e omomlen = 1111111ea = 8 529 o D a,od

hach of these separate terms osn be formed by shifting to the
lef+t. Further there are only sdditions. It is at any rate easier
t0 maintain the subtraction.

It is a widespread opinion +that auvtomatic ocomputers are
universal “because +they have a facillity to discriminate, a test
order. That this test order too is superflucus ocan be proved in
the Tollowing manner, For this purpose it is most practical to
put the address part of an instruction entirely to the left in
the word. Let the storage capacity be 2B, then the address diglt
on the utmost left hand side has the value 2P~'., The programme
example also makes use of addition but this c¢an of course be
programmed entirely in terms of subiractions., Then the proof can
be divided intec two stages: |
1. Showing that 41t is possible 4o separate the leftmost diglt

(i.e., the sign digit) from the other digits of a number.
2, Making =a wvariable instruction from +he leftmost address
é.igi‘t °

The easiest way is to start with 2. When the sign digit
of a number has somehow been separated from this number and put
into the accumulator, a bifurcation can be made by means of the
next programme:

a| A asl Add the constant Jump i1nsiruction o
| the aign digit.
a1 | 5 a2 Put the Jjump inatruction in a 4 2
(as2 Jump to a 4+ 4 oxr to a + 4 ¢ ph~1
"as3 | X asd Constant

On ae¢4s 2

there® can be an instruction to Jump 1o 21
sultable location, -

By means of a plece of programme of this kind point 1 can
- be. proved, It 1s possible to shift the number n places to the
left 80 +that +the rightmost Aigit is coming on the sign digit
place, It 18 ©possible. to +4est by means of the saild programme
whether this digit is O or 1 and to remove this right-hand digit
from  the original number. In the same manner the (n—1)th digit
can be removed from +the number by shifting n~1 places by
testing. Finally only the sign digit is left; after which the

- attual test can be performed.

- B T o S P I BT b e
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In this stage we should like to draw the attention 4o +the
relation existing between the three operations: test, shift +to
the right, and conjunciion. As soon as only one of these oxrders
is present, it is no longer difficult to execute the +two other
orders. Multiplication and also shiftiing to the right can be
programmed by meansg of a2 test and an addition., If only shifting
cen be performed, it is easily possible to bring the sign digit
in the least significant place and then a variable jump can be
made, It is also possible to cut the sign digit from a number by
means of conjunction only. The  property, which these three
operations have in common, is the fact that they all destroy a
great part of +the information in a word. In the adding process
it 48 more difficult 4o lose information. Only on overflow in-
formation gets 1lost (one digit at a time and on the wrong side
of ths number). It seems that this loss of information is an
essential element in an automatic computer. (Cf. 3.3)

The remaining operations are X, S and T. Of these operat-
ions 3 and T can be combined to one single order, which will Dbe
called B,

The action of B will ba:
Bn s (1) - (n) — A (A — n

50 a subtraction is made, and the result is stored at the same
time. That nevertheless all inatructions can bhe performed by
means of +this order can be proved by showing that the S and T
operations can be programmed in terms of B, However,before doing
80 wa shall give a method to ¢lear the acoumulator with B.

a | Bn Subtract (n). Let the result be x. Put
| x inton

a¢+1 | Bn Subtract x from x. A and mn are both
cleared

Now the S-—coperation can be coded as followa:
At the outset (A) = x, (4) =y, and (0) = 0O

100 | BO x—0

101 | B4 X ~y-—> 44
102 { BO ~y-+A—0
103 | B1

104 | B 0+ 4 0—> 1
105 | B4 Y - X—>A~—+ 4
106 | B1 ¥y - X— A1
107 éBd. O—» A— 4
108 | BO y—= A—>0
109 { B4 v—s A— 4
110 | BO Qs b —sQ
111 | B X - y—>A—1
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3o after the operation (4) = x — ¥s (4) = y, and (0) = 0, just
as required for an S-—operaiion.

The T-operation is performed ag follows:
At the outset (A) = x, {4) = ?, and (0} = O.

100 ] BO x— 0

101 | B4

102 | B4 QA4
103 | BO . x—»A—0
104 | B1

105 | B1 0—4

106 | BO x—2>A—=0
107 | B4 X — A —=4
108 | BO 0~ A—0

So after the operation (A) = 0, (4) = x, and (0) = O

Thus 31t has been shown that every programme that can bs
written in terms of S and T orders can also bhe written in terms
of B orders. Mostly, however, a problem can better be programmsd
direotly in terms of. B. For example: (2) + (3)—4, (2} = a and
(3) = b. (2) and {(3) may not be destroyed. Then +the  programme
gan be as follows:

1060 {1 B4

101 { B4 OQ—A—4
102 | B2 ~ wB s A~ 2
103 | B3 -8 - h—=4—-3
104 | B4 - 8 = b4
105 B3 C~>»A—>3
106 | B2 a—= A—» 2
107 ] B0 8-> A —>0
108 | B3

1091 B3 O— A— 3
110 | B4 . a+b—A—>4
111 | BO b—s A0
112 | B3 s A—> 3
113 | BO 0 —» A—=0

The elucidation is self-explanatory.

Now +the maohine knows only two types of instructions:
A and B, A8 a last step we shall disouss the cancelling of the
X-operation. Inside +the machine +the alternation between in-
atmction period and operation period must still be maintained.
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This can be effected by an automatic alternator. The contents of
the control register are then alternately used for the B-operat-
ion and for the intermediate X-operation. An external jump can

be made by interrupting the normal alternation, just as this has

been done in all other projects of this thesis., For this inter-
ruption the address 0 can be used very effectively,

| The operational part will then be:

Xn s (C)—=D (n)—C The next instruction is of the
type B, if (D)# 0, otherwise it is again an instruct—

ion ¢of the type X

(D) + 1—¢C (C)—»D (A) - {(n)—»n (A) - {n)— 4
The next instruction is of the type X

B n

L L]

A 2zero detector tests whether the number that flows out of
B ia O, In +this case the normal alternation X<«—» B ias inter-
rupted. This zero detector is a device which can be constructed
very easily in a serial machine. It oonsists of a storing
element which is set on the first 1 flowing out of B. If, how-
ever the number does not contain 1 then at the end of the number
the device is still in the rest condition. After having taken
into account the position of thisa zero detector it can be reset
again to zero.

An example of a programme im:

2 i10 B~operation with address 40
3j12 | B-operation with address 12
4 o Prepare Jump

518 Jump to 8

8 113 | B-operation with address 13

The action in'the contrel is:

¢ } b
2 X
10 2 B
3 10 X
12 3 B
4 12| x
-0 . 4 I B ~ |
5 *1™ o0 | X. Here (D) = O. So the Following
s : operation is again X.
8 5 X
13 8 |
" ato. 1S

' el b i, i, e
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3,2 The purely one-operation machine

Though 3in the preceding paragraph the operatlion part of an
instruaction could entirely be deleted, a disgulsed Jjump order
was neverthelsss maintained, because a special sequence of

addresges was used,

In this paragraph it will be shown that even this is not
egsential but that by msans of a purely Jjumpless machine grll the
operations can yet be ocarried out. From a technical point of
view this only means that the zero detector on B is no Jonger
needed., Now the X — B alternstor is always operated. So intern-
ally there still exists: exitract a new insiruction, but% extern-
ally the jump does no longer exist, The conseguence is that the
machine is only able to run through all the instructions in +the

store sequentially.

Operation digits are no Jlonger required. It will be ag-
sumed that the address fills the entire word of n bits and +that
the store contains 2" registers. It will have to be shown that,
by means of a cexrtain fixed programme; part of the store can Dbe
used for a programme in a normal ocode that is to be interpreted.

We may suppose all the normal erders such as add, subiract,
multiply, test; Jump, ete. %0 oceur in the code to be inter-

preted.

As a Jjump dependent on a number can no longer be made, bdbut
as it is gtill possidble to extract a number from a variadble
address calculated by the machine, an operation c¢can be inter-
proted ag follows:

First determine the resulta of all the operations that are
possible and then select the correct answer. By answers sre not
only meant the arithmetic answers bdut alsc the words +that have
to go to the registers for simulation of the control registers
belonging to the machine t¢ be interpreted.

Now the problem can be split up into two partss
1. Performing the acinal operations,
2., Running through sll the words in the remainder of +the store
(including the programme to be interpreted).

. Numbera may not dbe run through, because otherwise these
arbitirary numbers are carried out as instruction. These in-
structlons can be quite harmful. That is why these numbers must
be put in safely by meanm of a transfer programme. The pro-
gramme maant under 1 will be called the active programme.

. In the first place it must be proved that all the opersat—
ions requirsd in the code to be intafpretad scan be carried out.
Strictly speaking it will be sufficient, if i1t is proved that a-
B-~inastruction and a Jjump can be interpreted, Multipliaatian eto.
r:a.n, howevar, a.lsa be :l.n-bsrprs-haé; diraatlya

- In the second plaae i'h must be proved that it is posslible '
‘IiQ make tha tranafer rart. |
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Interpreting B and X comes down 40 the following active
ities:

B n s {(C) « 1—=¢C (A) -~ (n)—n (A) = {n) —4
Xn s n-—> G (n) —=n (4) — 4

In all cases (C) + 1, and (A) - (n) are calculated by the active
part. This is simply possible with a sitretched programme. Thesse
intermediate Tesults can bYe put together with n, (A), and {n)
into working registers. Let us suppose that the leftmost 1 in a
word in the code to be interpreted indicates whether an operat-
ion is & B or an X. This digit oan be smeparated in accordance
with a method which 1is snalogous to the one mentioned in the
preceding paragraph and applied to avoid the +test cperation.
With this method it is not possible to make a variable Jump, but
the extracted digit can be used to form s variable address.

The complete process is then as follows:

Shift the number (instruction to be interpreted) so far to the
left that the rightmost digit comes entirely at the Jleft., Mske
a variable inatruction from it. Exitract by means of it the con-
atant 0 or 1 from location x or <from the location which is
gituated diametrically wlith respect to x. Subtract this from the
original number. Remove in the same manner also the other digiis
from the number except the leftmost onse.

Thus it is possible te extract the address n from the in—

struction, to extract (n) and to make a variadble storing - order
to n,

By means of the leftmost digit of the instruction to be in
terpreted (aa the operation part) +hree wvariable orders can
be made which bring:

(x) = (C) ¢« 1 —C .  (x e 2™

=n ——»{
(y) = (4) - (n) —n o (v + 2*) = (n)—n
(2) = (&) - (n) >4 (z +2°") = (&) — 4

Now the interpretation has bean'campletea.

When programmed out in terms of B and X, several apaiationa
require a nwﬁbar of B and X-operations of the order of n“ {such
as test) or n” (such as multiplication)}, In any case the number
cf insitructions required can be contained in the_store when only
n is gater than a certain amount N, because 2™ goem up faster
than n2. It is extremely difficuilt to make an exact quantitative
statement, because this depends very much upon the exact way of
sonstructing the interpreting programme. As a rough estimate
N will be 25, |

" The transfer programme starts from the structure of the
aotive programme plus the working registers. Let us suppose that
this part consists of four parts of equal size: the active ro-—
gramme (A), half of the working registers and the conatants ‘RQ,

the diametrical half of the working registers and finally

the affective part (¥), which can contain the programme to be
interpreted. These fouxr parts oan always be made of the same
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aize by filling them with zeros. (A register containing 0 with
(A) = 0 is a dummy insiruction, because O-—=A—n
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. @ Furthermore the transfer programme regquires a group of

il spare vregisters R in whioch A, N, W3, or Wy can be stored

?PEQSf 3 temporarily. The structure of the entire programme can be as
IR follows: -

i " | n=i

3 Y— 2 -

e 4 - N

P e AR L
I

w,—R W.-—- R

'
-l

L

Y
N

P
N S S— Ty by At
ek et g
E
L)
‘d"}
M

H O0—=N O—R

A% DR Pt R
1 [ :

At the outset R is entirely cleared, Then A is carrisd out.
R is traversed wlthout damage, W¢ is put in safetly, cleared, and
traversed, etc. All +these 1transfer parts are sireiched pro-
: grammes, .which regquire quite a number of instructions for each
- word to be transferred. So by indicating a possibility of
§?§ solving +the problem +the proof has been completed. The given
o solution need by no means be the best,
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o 3.3 Conclusion

T | ~ In "On computable numbers', TURING *) doeg notit. oxercise

- restraint -as regards +$he size of the maohine or the extent of

the sitore. ‘Therefore the c¢lass of the computable numbers is

- EHE | infinite. From a practical point of wview it is,; however, better

ftﬁgwégf to Tesatrict onesaslf +to finite machines. Then the lattsr can
N | - no longer be called universal in the sense of TURING, because
they cannct ganarate all “oamputabla numbers", !
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As it has alraaiy appeared from the &aaigns in this thesis
arithmetie unit and ocontrol ecsnnot dYe rigorously separated.
a0 - Together they may be called the operational part of the machine,
‘ On the other hand +there is ~ the atore (plus the selsction
maahaniﬁm) which is supposed to be of uniform strusture.

SR TN P T IR SRR T PO e STTUR I AR
P A A
L * "
FTIERFRY Y

. Ll 5
T T N

LS L]
S

i, Rk D S e T R

e o] e ko, e g s bl W e R R b b s AT e

. . P, .
et Y e e el P

We shall not discuss two-level stores; nor input and out-
put, We ecan inmagine the maahins ta be fillad.with a, aeparata
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external process., After that the machine operates and then the
results can be read directly from the store. Furthermore only
the addresses need play & rSle in the instruciions. The action
of the machine can be considered to be effectuated in elementary
steps, whioch e.g. consist of one word period. Parallel snd
serial machines can be dealt with from a uniform point of view.

It is possible +to define a number which represents the
state of the whole machine at a certain moment. The state of the
gtore can be represented by making the contenta of all the
registers together form one long number. To these contents muat
be added +he contents of +the registers of the operationsl part
plus the contents of some isolated storage elements for single
bits. The long number obtained in this manner, determines ihe
internal state of the machine. lLet e.g. the lengih of the number

in a register be n. Then the maximum =8ize of +the sfore can
amount to 2% registers. Let us auppose that in the cperational
part there are p single word registers and k single Dbit
storage elements. Then <+hs number defining the state contains
n.2% + p.n &« k¥ Thita.

As +the machins functions on a strictly causal Dbasis,; =&
certain state will also determine uniguely the next state, elc.
So at a given initiml condition and at a given structure of the
machine the course of the computation ias altogether fixed. As
the machine is supposed to be finite and as there is consequent-
ly only &a finite number of states, a sequencs of states must
finally end in a oycle with a certain period, because, as so0n
as the same state is reached again the next state is the same
again as before.

T+ 1is not necessary that the initial point too should lie
on the c¢cycle, it can also 1lie on an naoffahoot". There can
(and mostly will) be more than one cycle, So the state dia-
gram in principle looks like this: -

Among the enormously large number of initial atates which
are possible, there are only some which perform a function <o
~which we attach . significanoe.

~ If & problem ateﬁs- at +the end, this can be realised by
making s loop-stop, which means that +the xoute in the state
diagram ends on a point-cirecle.So the actual problem liea en-
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tirsly on the offshoots. A problem +that lies entirely on a
cirecle, larger +han a point-circle, cannot stop. The "“reasult"
is dependsnt on the moment at whigh the state is being examined.
This represents e.g. a useful problem in the case of determining
a pseudo-random mnumber (given by the ocontents of a certain

register at an arbitrary moment). Most problems lie, however, on
the offshoots.

In a computer three kinds of elementia can be distinguished:
1. Conservative elements.

2. Beducing slements.
3, Dissipative slements,

In a oconservative element no information is lost. All in-
formation that is8 going into it, also leaves it again, be it in
a changed form., Examples are the delay line, and the invertor.
From the result it can be deduced back what the data have been.
As long as in the state dlagram states are itraversed which make
use only of conservative elements, there are no junction pointa,

Reducing elements decrease +the gquantity of information
flowing inte them. The input dats canncot be deduced back from
‘the output only. Example: an adder. It is, howsver, possible to
deduce part of the input information from the rest of the input
information +together with +he output information. (E.g., when
2 ¢b=cthena =¢ -1 ). S0 in some switching circuits an
adding unit need not lose information provided that the required
part of +the dinput Iinformation is retained in another manner,
It is, however, also possible to lose parit of +the information,
Se in doubling a number it is not possible to reconstruct the
lost digit on the left, but all other digits can be reconsiruct.-
ed by shifting t0 the right, because we know in this case +thsat
the resulit has been formed by shifting to the left, So depend-

ent on the use made of these reduocing elementa, they are some~
times reversible, sometimes lrreversible.

The dissipative elements are at any rate irreversible. They
gause a certain part of the information supplied +to them, to bhe
lost, Examples are conjunction and disjunction elements. These
selements are essentially irreversible. In the state diagram the

junction pointe are caused by dissipative elements or gometimes
by reducing elements.

*

For aome structures with state diagrams which are mainly
cyclical, TUPARL ¥) and VAN WIJNGAARDEN **) bhave considered the

period of the cyclea.

S0 the fact that by far the greater number of problems are

*} B. J. A. Duparc. Divisinility properties of recurring se-

quences, Thesis, Amsterdam, 1953.

H. J. A, Duparc. Periodicity'prﬁﬁarties cf recurring mequences.
Proc, Kon. Ned. Akad, Wetensch., &msterdam,‘42111954)331;&r473.

**} A. van Wijngsarden. Dynamica van rekenmachines, Jyllabus
collogujum Moderne Rekenmachines, {1954) March, 27th. Mathe-

matisch Centrum, Amsterdam,
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lying on <the offshoois in the state dlagram, is mainly caused
by the action of the dissipative elements., The loss of infTor-
mation 1in +these elemenis asppears to play an essential r8le in
computing maciiines. This is perfectly 4in soccordance with +the
irreversible character of causal procesass.

The author ras not found an essential differencs between an
arbltrary machline with a certain state dlagram with offshoots
and any normal computer. At best one ocan say that the number of .
problems that can be tackled in & machine with a larger number
of offshoots is larger than the number of problems that can Dbe

- processed in a simple machine with & simpler state diagranm.

Furthermore +the appreclation of what a machine c¢an do is highly
dependent upon what we c¢all a problem, and what we oconsider
useful transformation rules,

A oproblem that arises here, 1is: what dis ‘+the minimum
operational part required to conirol a atara of a certain size
effeoctively?

This problem greatly resembles the problem dealt with in
paragraphs 1.63 and 2.86: what is +the smallest possible pre-
input programme at a given atructurs of the machine?

As shown in the previous paragraph, various orders are not
necessary. If we do not object to the enormous aslowing down, we
can yet make a ons-~operation machine normally usable for every
code desired, viz. by means of an interpreting programme. From
the beforegoing it appears +that some of the functions of the
operational part can be transferred to the store., This inter-
preting programme can operate in cascade: a central programme
interpreta a programme that has more facllities, and +this pro-
gramme in its turn interpreta an extensive code. This requires,
however, a considerable part of the store. 3By means of an
opexrational part with a word-length of n digits a siore with
only 27 registers can be coversd. So there will ve a value n,
with whioch it is no longer possible to get +the desired inter-
preting programme into +the store. Then we are faced by the
situation +that the '"eatalogue fills up the entire library". If
the operational part is made more complicated, +the lower bound
of the capacity of the store can he brought down, It is more a
question of economy to determine the optimum capacity of the
store, and the complication of the operational part, in relation
+t0 the speed and the price.

I+ is wvery remarkable that the machine ZERO is already a
practicable machine, though it is hardly more complicated +than
the one-operation machine, which 1is ocompletely unpraotical.

- Perhaps a certain optimum hss been fannd.glreaﬁy intuitively.

The problem of +the simplest pre-input programme shows a
certain conformity in so far that there seems to be & minimum
simplicity, - which for PTERA amcunts to 5 instructions. By means
of these instructions a certain length of tape can be controlled
effectively in the same manner as it happens with a cascaded in-
terpreting programme. In warious stages the normal input pro-

gramme is put in, which programme in its 4turn can organise again
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larger tapes (or parts of the store). So if the machine only has

at its disposal the pre-input programme and a certain length of
tape (here the tape entirely plays the r8le of store) on which

a1l the data rTequirsed for a mormal input programme have been
put, then no more useful problems can be tackled, because the
entire store has been filled with the necessary data,

In +this 1last problem +he qualitative character of these
considerations are olearly shown. For the time being it still
depends on the Inventiveness of +the programmer or senginesy
whether the 1limit of simplicity can be economically reduced a

1ittle. A need for =a more exact calculus for treating these
problems is still needed.
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0.

Ben inrichting voor het automatisch verkrijgen van de Jjuis-
te terugkeerinsitructie bij het gebruik wvan gesloten subprograms
in een rekenmachine heeft voor het gemakkeliljk programmeren veel
waarde en is ¢op elk +ype machine eenvoudig te maken.

1.
Hat is in een rekenmachine van voordeel om een accumulator

van dubbele lengte (resp. twee acoumulatoren van enkele lengte
die gemakkelijk gekoppeld kunnen worden) ter beschikking te heb-
bene.

2,
Het 1is aanbevelenswaardig om in informatieverwerkende

machines glechts enkele zZorgvuldig voorbereide en Dbeprosefde
standaardschakelingen, ultgevoerd als insteekbare eenheden, te
gebruiken, Daarbij beboort van zo min mogelijk buistypen en voe-
dingssvanningen gebruik gemsakt te worden.

3.
Het invoeren van een genormalisesrd gebruik wvan benamingen
voor de meant voorkomends electronische schakelelemonten is zeer

gewenst,

4,
De bewering van WILKES dat een sysifeem van drijvend adres.-

gseren, waarbli]j alleen naar resds ingezette adressen verwezen kan
worden, van geen of weinig waarde zou zijn, is onjuist.

M, V., Wilkes. The use of a "floating address" system for
orders in an automatic digital computer.
Proc. Camb. Phil. Soc., 49(1953)84.

5. |

* LUBKIN heeft +*rachten =zan te tonen dat een invoerorgaan
dat nlet onderling gesynchroniseerd is met de interne machine
nooit met volledige zekerheid {(waarbij de slectronische elemen-
ten als ideaal beachouwd worden) informatis kan invoeren, Deze
bewering houdt echter geen steek.

3. lubkin. Asynchronous signals in digital computers.
Math, Tables Aids Comput., 6(1952)238.

6.

Len ingetaanwijzing woor het als parameter vastleggen van
het adres volgend op het lastste adres van een subprogram als
egrste adres van een volgend subprogram kan beter aan het eind
van een subprogram dan aan het begin van het volgend subprogram
gogeven worden,

Te

. Als vp = 2, ¥w{ =1 en Vg = Vg 4 ¥ Vk_o VOOT k = 2, dan
volgt uit het priem zijn van p, dat vp, = 1 (mod p). Ondanks het
feit dat omgekeerd uit vp = 1 (mod n) nist de primaliteit van n
volgt, kan deze stelling tock van groot nut zijn bij het onder-—
zoek naar de primaliteit van getallen.



8. '

De manier waarop OBERMAN enige nieuwe loglsche verbindings-
takeng in de schakelalgebra invoexrt is aanveohitbaar. De wijize
wanrop hij enige gell jkhaden betreffende de door hem Ingevoerde
aftrekking tracht te staven, is niet gefundeerd.

R. M. ¥. Oberman. De bewerkingstekens in de schakelalgebra.
Het PTT-Bedrijf, 6(1954}1.

9

Men kan de optische doorrekeningsformules door het invoeren
yan geschikte variabelen zodanig omvormen dat er een bijna vole
komen dualiteit ontataat tussen de grootheden en formules die de
overgang van opperviak tot opperviak beschrijven en de groothe-
den en formules die de breking asan een oppervlak beschrijiven,

Deze dualiteit strekt zich verder uit dan het reseda door HIRZ-
BERGER uitgesproken beginsel.

M, Herzbexrger, Uber ein Dualititsprinzip in der Ontil:,
Zeitsohr, fiir Physik, 91{1934)323.

10,

Bij het onderwijs in het pianospel is het laten spelen van
tnonladders met uniforme vingerzetting van groot nut,

1.
Bij blinden zijn de andere zintuigen niet hoger ontwikkeld
dan bij zienden. ZiJ hebben er alleen beter gebrulk van leren

maken. Bijv. kunnen zlj op grond van bepaalde verworvenheden een
bijzondere "aanleg" wvoor programmeran bezitten.

12.

Het is waarschijnlijk, dat de terugkoppeling ncdig voor het
behsersen van de spraak slechts voor een deel via hei gehoor en

voornameli jk via het gevoel gaat.




nahoort bij academlisech nroefschrift: V.L.v.d.Foel,
Tha logical principles of some simple comvuters,

SAMINVATTING

In dit nroefachrift worden enige ontwerpen van eenvoudige
rekmmachines behandeld, In deel 1 wordt cen reeds voltooide re-
kenmachine, genaamd PTLEA besrroken, In decl 2 wordt een nieuw
ontwerp genaamd ZERRA behandeld. Deze beids ontwernen, benovens
eonn reeda  eorder door de schrijver gepubliceard ontwern saven
aanleiding  tot enkele theoretische beschouwinqen die in deel 3
7ijn veronigd.

Alle enitwernen maken ter wille ven de eenvoud gebruiis van
hei tweetallige stelsel. De petallen worden steeds in serievorm
setransporteerd en het geheupen is steeds een magnetische trom—
mel, Tene vorm van geheugen is gekozen op grond van zijn bew
trouwbaarheid en lage prijs, hoewel de hehandelde principes
svengoed toepasbaar zijn op andere vormen van seriegeheugens,

De PTERA is een machine waarbij is uitgegnan van enkele be-
stannde schakelingen wvoor het relienorgaan en voor het ge-
heugsen. e bijzonderheden zijn gelegen in de wijze van orzani -
satic von de lbesturingsregisiters. Gedurends het halen van sen
volgsende instructie verricht het rekenorgaan in de neeaste andere
machines geen rekenhandeling. Het is dus in die tijd beschikbaar
om den  beboeve van de vesturing enige functies te verrichten,
ret name het ophogen van de inastructie die de volgends instruc-
tie moet halen. Den tweede Dbijzonderheid is het meevooren van
gen oneratiegedeelte door de instructie die de volrende instruc-
tie moet halen, Dit betekent dat ook de instructiecyelus en niet
alleen de operatiecyclus een nuttige handeling kan verrichten.
adelen wvan ds ITERA 2ijn de pgeringe snelheid en het niet vol-
ledig benulten van de mogelljkheden van de bhovenpencemds begine
selen. Dege heywaren oijn in de ZEBRA ondervangen,

Tijdens de bouw van de I'TERA werden naast elkaar ontwikkeld
de &GRO, een machine die reeds eerder beschreven is en die go-
diend heeft als experimentele machine, en de ZLRRA. least de
bijzondere wijze van behandeling van ds besturing maken dece
vrojecten gebruik van functionele cijfers in het operatiegedesl
te van de instructies. Hierdoor kon in ZUBRA een grote flexivi-
liteit en een grote eenvoud bersilkt vorden. Noor de nanvezigheid
van de funectionele cijfers kon ook de instructiecyclus in hope
mate effectief gemaskt worden, De eenvoud eiste het ontbreken
van een ingebouwde vermenigvuldiger en deler. Dit gast evenwsl
niet ten koste van snelheid of van kortheid van programmeren, De

~grete winst in  snelheid werd bereikt door optimale programme-
ring. Aan de hand van vele bprograms worden de mogeliljkheden van
dit project toegelicht; o.a. wordt de organisatietechniek  van
interpreteerprograms voor rekenen met drijvende komma besproken.

Deel 3 behandelt de probleemstelling: wat is in een reken-
machine esasentiel en hoe ver kan men gasn met versenvoudipging.
4ls ultgangspunt werd de ZENO gekozen, 3Jewezen wordt dat vels
soorten operaties niet ingebouwd behoeven te worden, o.a, verme-
nigvuldigen, gseconditioneerde omneraties, schuiven, enz, Door in-
voeren van een nieuw tynpe operatie vwordt beweren dat slechts dén
00Tt operaties essentiBel is. Zelfs de sprongopdracht blijkt
niet noodzakelijk te zijn. Besloten wordt met enige kwalitatieve
beschouwingen over de tot het uiterste versenvoudigde ontwerpen.,






