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1 INTRODUCTION

In his work as programmer the author had the privilege of
belng closely assoclated wlth the development of the order
code of the X1 computer, This machine, and its order code,
was designed by Mr B.J. Loopstra and Mr C.S. Scholten, both
of Amsterdam,

In the flnal selection of the facilities to be included in
the machine, I played only a small part. Where technical
conglderations were not decisive I was left the cholce be-
tween alternatives; In some minor poilnts I was able to suggest
modifications.

When the Internal code was fixed 1t was my task to bulld
up a sultable notation for the code. In my turn I derived
benefit from thelr criticism and alsc from that of Mr A.W.
Dek of the Hague.

This work 1s the main theme of this theszis. In it [ present

a rather one-sided plcture of the X1 as I restrict myself
solely to the order code. Those tecimnical and economic con-
slderations which played a role in the development of the X1
fall outslde the scope of this thesis, Similarly we do not
discuss problems that arise when the computer 1s incorpor-
ated 1n an organization or questions that present themselves
In the construction of a library of subroutines, of inter-
pretative and self-coding systems etc.

In comparison with all these problems a "microscopic”
interest In the Internal order code may seem somewhat futile.
But in which ever way and how ever intensely a computer may
affect an organizatlon, no matter how complicated or large
the programs may be, the programs will always conslst of the
molecules, which we call orders.

The author 1is greatly indebted to the "Mathematlcal Centre"
for providing him with the opportunity of engaging in this
work and particularly to Prof.Dr Ir A, van Wijngaarden, Head
of the Computation Department, for hils cooperation and con-
tilnuous interest.

e B B TIC BT il Eins
MATHEMATISCH CaNiku
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2 A GENERAL DESCRIPTION OF THE X1

2.1 Introduction

The X1 1s a high speed electronlc compuler, intended
for both clerical and scientific work. It conslsts of
three main parts, the basic machine, the memory and the
input and output apparatus.

In principle the basic machine is always the same; 1t
comprises the arithmetic unlt, the control, the console,
etc,

Up to a certaln limit the slze of the memory may be
chosen for every installation; 1n this way it can be
adapted to suilt the needs of the user.

Simllarly one can choose, wlthin a certaln range, which
{nput and output apparatus are to be coupled to the machine.

The fact that the X1 1s very sultable for both sclentiflc
ard clerical work 1s due, not only to 1ts flexibility, but
also to 1ts relatively high speed. Amongst others the speed
of the machine manifests itself in administrative work when
the X1 uses a number of punched card machines to thelr maxi-
mum capacity simultaneously.

2.2 A short descriptlon of the three main parts

2.2.1 The baslic machine

The baslc machine comprises the arithmetic unit, the
various registers, the control, etc. Its external appear-
ance 1s slmllar to that of an office desk; the varlous
awitches and indicator lights for the operator are on the
surface of the desk and also on a small vertical panel
behind thls section.

The basic machine 1s fully transistorized and the power
1t requires 1s only a few hundred watt. As a result no
cocling apparatus 1s necessary.

The arithmetlc unit operates internally on fixed point
binary numbers. All transports, as well as addition and
aubtraction, are parallel operations. By these and other
means the deslgners attained a tlme of consliderably less
then 100us for all operatlons, except those of multiplle-
ation and division, which each require 500 wus.

In the X1 the "natural" unit of information, the word,
consists of 27 bits; words have two main Interpretations,
viz, numbers and orders,
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A word, regarded as a number, consists of a sign bit,
folliowed by 26 binary digits.

Alternatively, a word, regarded as an crder, deflnes an
operatlon to be carried out by the machine. For this pur-
pose the 27 hits are divlided into two groups: the most-
significant twelve (the "function") define the nature of
the operation according to fixed conventions, the least
significant fifteen (the "address" or "numerical part")
may serve for the specification of an operand.

The arithmetic unit comprises three registers, called
A, 5 and B. The regilsters A and S both have 27 bits,
while B has only 16 bits (of which the most significant
one acts as sign bit).

The B-reglster, being shorter than A and S, cannot store
numbers as large as the other two reglsters; otherwise the
three registers are equivalent with respect to additive
operations: the X1 can add and subtract in all three regis-
ters, thelr contents can be added to or subtracted from the
numbers stored in the memory, etec.

Multiplication and division are always executed in the
A- and S-registers together; each then has a distinct
function.

The distinctive feature of the B-register is the follow-
Ing: as soon as an order 1s extracted from the memory {see
below) but before 1ts execution, 1ts address may be in-
creased by the contents of B. The function of the order
itselif indlicates whether or not this addition 1s to take
place. The length of the Bregister was chosen to be 416
blts, so as to accommodate an address increment which can
have both gigns.

Two other regilsters of some importance to the programmer
are the order register OR and the order counter T.

Before an order 1is executed 1t 1s placed in the reglster
OR, where the bits that form the order are analysed; these
bits remaln In OR throughout the executlon of the order.

As one requires a whole word for the definition of an order,
OR consists of 27 bits,

Orders placed in OR, i.e. orders to be executed, come
from the memory. The words in the store are numbered and
the order counter T always contains the number of the word
to be tranaported to OR as the next order. The order count-
er T 1s a 15-bit register.

Furthermore we menticn three small reglsters, each of
which has a capacity of only one bit; they record "the con-
dition", "the last sign" and "the overflow indication".
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They will be discussed in more detall later.

Finally the machine 1s equipped with a number of flip-
flops, that play an important role in the synchronlzation
between the X1 on the one hand and the coupled communlc-
ation apparatus on the other.

The contents of all the above reglsters can be read from
indication lamps on the control panel.

2.2.2 The memory

The maxlimum number of words the memory of the X1 can
accommodate is 275 = 32768, These words are numbered from
0 to 32767 inclusive, the numbers belng called the address-
es of the storage locations, as they are used for reference
to a particular word.

Information 1s sent from the arithmetical unit to the
memory 1n units of one word. Sending a word to the memory
is called writing a word in the memory, extracting a word
from the memory is called reading a word out of the memory.
For these nperations to take place 1t is essential that the
address of the storage location concerned be specified.

When a word is written in a storage locatlon 1ts previous
contents are destroyed; in a "pure" reading operation the
contents of the storage location remain unaltered, Finally
the order code of the X1 includes combined operations, in
which, firstly, a word is read from a storage locatlon and,
secondly, a new word 1s written In that same location im-
mediately afterwards; 1n this case the new word 1s always
derived from the origlnal one by means of an additive process.

The memory of the X1 is divided Into two parts, vlz. the
"11ving memory" and the "dead memory". Both make use or fer-
rite cores and have the same access time for reading operat-
lons.

The machine can write in the living memory, but not In the
dead memory. In the 1living memory the iInformation is record-
ed by the magnetic states of the ferrilte cores, in the dead
memory, however, by permanent wiring. The dead memory has
the advantage of belng relatlvely inexpensive; thls makes 1%
particularly suitable for the storing of standard programs,
especially those for the input and the output.

The order code of the X1 1s a so-called single-address
code, 1.e. each order refers, at most, to one word 1n the
memory: the storage location for the word concerned 1is specl-
fied by the address digits of the order. The maximum capaclty
mentioned earlier (21° = 32768 words) refers to llving
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and dead memory combined. This limitation is due to the
fact that in the order 15 bits are avallable for the
address.

Every time the memory delivers a word of information,
this operation 1s subject to a so-called parlty check.
In all writing operations a 28th bit is added to the
word; the value of thie bit 1s such that an odd number
of onesg is stored in the location. Every time a word 1is
read the memory delivers the corresponding parity bit
too; the computer then checks whether the number of onesg
actually 1s odd. If not, it stops. Words in the dead
memory are a&lso provided with a parity bit.

2.2.3 Input and output apparatus

The input and output apparatus coupled to the X1 depend
on the needs of the user.

In this thesis we restrict ourselves to a tape reader
(150 characters per second) and a tape punch (25 charac-
ters per second) both mechaniasms being for five-hole
punched tape, and an electric typewriter operated by the
machine (10 characters per second).

At the moment of writing many other possibilities for
faster input and output of data have been wholly or partly
developed, e.g. fast punched tapes, magnetlc tapes, fast
printers and punched card apparatus of all kinds.

The X1 can utilize a large number of such varied mechan-
lsms s'multaneously. The meximum number deprends on the
complexity of the processing: by the time that the ope-
rational speed of the X1 becomes the bottleneck of the
process, 1t 1s of 1little use coupling the machine to fur-
ther apparatus!

The X1 only utilizes all its communication mechanisms
simultaneously from a macroscople polnt of view; from a
microscople viewpoint 1t employs only cne at a time. The
X1 automatlcally divides 1ts attentlon between the various
mechanisms as efflclently as possible. Due to this arrange -
ment the fact that the various mechanisms are completely
asynchronous with respect to each other presents no essen-
tlal difficulty. This 1s one of the most Important aspects
of the flexliblllty of the X1,

The standard programs for tape reading, tape punching and
typing will fully illustrate which possibilities, which
problems and what types of arrangements result from this
facllity of the X1.
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2,3 The order code

As mentioned earlier (2.2.1) the bits of the binary
representation of an order can be split up into "func-
tion" and "address" (also referred to as '"numerical
part"). In principle, the programmer wrltes each order
as function followed by address In accordance with the
above subdivision.

In the ensulng description of the order code (& summ-
ary of the exlsting functlons!) we will denote the
address by the letter n for the time being.

The symbol (n) denotes the contents of address n;
similarly (A) denotes the contents of the A-register,
ete.

In the description of the operations we will make use
of the orientated equality sign "=" to be read as "re-
places", cf [9].

The following eight orders exist for each of the three
arithmetic registers (A, S or B being denoted by R).

ORn : (R) + (n) = (R)
AR n (R) - (n) = (R)
2R n + (n) = (R)
3Rn - (n) = (R)
bR n (n) + (R) = (n)
5R n (n) - (R) = (n)
6R n @ + (R) = (n)
7R n @ - (R) = (n)

OR and 1R: Addition in. The number in the storage locatlon
#ith address n is added, wilth or without a change of slgn,
to the number in the reglster R; the result 1s stored In
the register. The original contents of the reglster are
therefore lost, whereas the contents of the storage loca-
tion n remain unchanged.

2R and 3R: Transport in. The number in the storage locatlon
n is transported, with or wlthout a change of slgn, to the
reglster R, As in the case of "addition in", the original
contents of R are lost whlle the number in the memory 1=
not altered.

4R and 5R: Additlon out. As for OR and ‘1R respectively, with
Ihe roles of register and storage location interchanged.
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6R and 7R: Transport out. As for 2R and 3R respectively,
with the roles of register and storage location inter-
changed.

Remark, The classification "iIn or out" 1s based upon the
direction of the transport of the result with respect to
the arlthmetic unit.

It 18 clear that a number in a register or storage loca-
tlon may have elther sign, may be multiplied by -1, ete.
We therefore include a more detailled description of the
number representation; for this purpose we number the con-
secutive binary digits of a word as follows:

d26 d25 Simes d1 do .
The numerical value of a word, regarded as an integer,
is given by

25
2 (a,-d,.).2t .
o Pures

The most significant digilt dog 1s the so-called sign diglt;
dpog = O Indlcates that the number 1s positive. The largest
possible gositive number that can be represented in one word
equals 220 - 1 = 67108863, in binary diglts: dpg = O, dpg =
doy = ... =dq = dg = 1. To change the sign of a number, all
diglts of the word are inverted, l.e. zeros are replaced by
ones and ones by zeros. This method of representing negative
numbers 1s often referred to as the one-complement or in-
verse system, cf [4].

The Iinverse system implles that the number zero may be re-
presented in two ways, viz. 40 (all digits = 0) and -0 (all
digits = 1). When a result equal to zero is formed by the
X1, 1t 1is usually shown as -0, or, more preclsely, the adder
only has an output = +0 if both addenda are = +0. The X1
performs a subtraction by adding the inverted subtrahend.

The following loglcal operatlons exlst for the reglsters
A and 8 (R may represent either A or S):

OLR n +(n) v (R) = (R)
AR n -(n) v (R) = (R)
2R n : +(n) A (R) = (R)
3LR n : -(n) A (R) = (R)

Remark. Loglical operations exist for the A- and S-registers
only, not for the B-reglster; furthermore they are always
"{n-operations",



-8-

OLR ard 4LR: Logical addition. The operations OLA and
OI3 form & result from the contents of the storage lo-
cation n and the register in question; thils result has

a 1 in all those bilnary positions, where (n) and (R)
differ. In the remaining binary positions a O is formed.
This result replaces the original contents of the regls-
ter, which are therefore lost; the number in address n
remains unchanged, The Instructions LA and 1LS are si-
milar. except that they handle the inverted word -(n)
instead of +(n). Loglcal addition 1s also called "carry-
less addition".

PLR and 3LR: Logical multiplication. The operations 2LA
and 218 form a result from the contents of the storage
location n and the regilster Iin question; this result
has a 1 in all those binary posltions where both {n)
and (R) have a 1. The remaining digits of the result
are 0. Again the result is placed 1n the register, etc.
The instructions 3LA and 3LS handle the word -(n) in-
atead of +(n). Another name for logical multiplication
is'zollation".

The order code includes four verslons of multiplica-
tion:

oXn (] + [m].[8] = [AS]
X n : (4] - [n).[s] = [as]
2X n t + [n] .[S] = [as]
3Xn - [n].[8] — [As]

The position of the -binary- point (i.e. of the units)
hardly plays a role in addltion, provided that the point
is in the same place in both numbers, This is not the
case in multiplication and division: we therefore make
use of square brackets [ ] to indicate expliclitly that
the word concerned must be regarded as an Integer.

The symbol [AS] 1s used to denote a double length in-
teger; the 26 most significant diglts and the sign dliglt,
which precedes them, are stored in the A-reglster; the
S-reglster contalns a copy of the sign diglt and the 26
least significant diglts, The symbol [AS] can only be
used when sgn(A} = sgn(S); its numerical value 18 gilven

by
las] = {al.2%0 + [s] .

The X1 multiplies the contents of S by (plus or minus)
the contents of storage locatlon n. In the so-called
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"additive multiplications" OX and 41X this product is
Increased by the original contents of the A-register,
the product heing increased at the least significant
side! In the "clear multiplications™ 2X and 3X there
18 no such increment. As implied by the notatlon, the
most slgnificant half of the result is placed in A,
the other half in 2; 1in the final result the slgns of
A and S are always equal to each other. The orlginal
contents of the registers A and S are lost, the number
in the memory remains unchanged.

When the result of a clear multlplications 1is zero,
the same zero is placed in both reglsters, the sign
belng determined by the signs of the factors accerding
to the usual algebraic rules. The result of an additive
multiplication will only be +0, 1if, filrstly, the ori-
ginal (A) = +0 and, secondly, the original iS) and (n)
would have had the corresponding clear product +0.

Another common interpretation of a word is as a proper
fraction with the binary point between d26 and d25. The
word thus represents a fraction which is less than one
in absolute value.

This interpretation of a word 1s denoted by braces
} . The following obviously holds:

{n} = [nl.2_26

Similarly we introduce two further Interpretations for
the double length number (AS), viz. as compound number

(s} = [as] .26 = [a] + (g}

l.e. with the point between the reglsters, or as double
length fraction

{as} = [as] .22 = {a} + {g}.2726 |
1.e. with the point preceding the wmost significant digit.
In 1llustration, the order 2X n was defined as
+ [].[s] = [as] ;

by multiplying both sides or this equality by 2720, we
obtain ;
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+ [].{s} =+ (n}.[s] = [g
and after multiplication by 2792 we obtaln

o) {5} > 03}

A programmed rounding-off for multiplication 1s
described at the end of paragraph 2.6.1.

The order code includes four verslons of division, viz.

obn : [S]/+[n], remainder =» [A], quotient = (s]
Dn : [AS]/-I " "
2D n @ Uﬂ226/+bﬂ " "
3D n : [A] 226/— [n] " 1

The operations 2D and 3D begln by clearing S under
control of the sign digit of the A-reglster. From then
onwards thelr operation 1s the same as that of 0D and
1D respectively, which may only be executed when
sgn(A) = sgn(S). (This restriction 1is implied by the
use of the symbol [AS] !)

The double length number [AS] 1s then divided by
+[n] . The quotient appears in S5, the remalinder 1is left
Tn A. By definition, this remainder has the same sign
as the dividend and the smallest absolute value then
possible. The original contents of the regilsters A and
S naturally disappear, while the number in the memory
remains unchanged.

Neglecting the remalnder, a more useful definition
0f2 he division 2D n 1s obtalned after multiplying by
2-=013

(A : [ =4} ¢ {0} = {s} ;

the quotient 1s then not rounded-off. A programmed
rounding-off for division 1is described at the end of
paragraph 2.6.1.

A necessary condition for a correct result after di-
vision is that the quotient does not exceed the capaci-
ty of one word.

The above description 1s incomplete ln one respect;
every operation includes the substitutlion
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() +1 = (1) ,

1.e, one 1s added to the contents of the order counter

T at the beglnning of the execution of every order. As

mentioned before (see 2.2.1) (T) 1is the address of the

order to be executed., Hence the instructions are obeyed
in the order In which they are stored Iin the memory.

The above only holds if we restrict ourselves to the
orders that have been dealt wlth so far. Besldes these,
there 1s a speclal group of orders that may cause the
machine to start selecting orders at a different point
in the memory. They are called jump orders; from a tech-
nical point of view their function 1s to glve (T) a new
value.

OT n : (T) + (n) = (T)

AT n : (T) - (n) = (T) ?2% ztgg the X1 1f
2T n : + {(n) = (T)

Y'nm :(m) -1 = (m); n= (T); OSsm«g7
6Tnm : (T) = (m8); n — (T); 0smg15

Here the symbol (T) represents the contents of the
order counter after the increase

(T) + 1= (T)

has been effected. Thls addition always takes place,
regardless whether the current order is a jump or not.

OT and 1T: Additive jump. When (n) =+0, both orders
have no effect. They act as sklps, i.e. the control
proceeds to the next instrucTion without altering the
contents of the memory or of the registers. When (n) =
+1, the order 1T n acts as a dynamic stop.

2T: Normal jump. The substitution (n) = (T) appliles
to the 15 Tleast significant digits of the word (n);
they are copiled into the order counter. The jump has
then been executed and the next order will be read
from the storage locatlon indicated by (n).

After execution of the 0,1,2 T Jjump the X1 stops Iif
(n) € -0. This makes it possible for the X1 to execute
a subroutine at full speed during the testing of a pro-
gram and to stop automatically when control returns to
the main program (see 2.8).
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4T: Counting jump. In this case the address must be
followed by an index m which can have any value from
0 to 7 1nclusive. The 4T-order 1s a jump, since 1ts
address 1s copiled into the order counter, (NB. The
actual address diglts and not the contents of address
n are copled into the order counter!)

Furthermore the number in storage location m is de-
creased by one. In this context that location is uvsu-
ally referred to as Ty and the counting is descrlbed

by

(rm) -1 = (rm)

The full meaning of the counting jumps will become
clear as soon as we are familiar with a number of ad-
ditional facilities included in the order code; in -
the discussion of the so-called varlants (see 2.4) w
return to thils subject. i

6T: Subroutine jump. The subroutine Jjump 1s also pro-
vided with an index m; here m satisfles the lnequall-
ties 0<m<€15. As in the case of the countlng jump the
address n, and not (n), 1s copied into T. Before this
takes place, however, the contents of T, already in-
creased by one, are copled into storage location m + 8.
The location m + 8 is usually referred to &s sy Iin this
context. (The sixteen (sp)'s therefore occupy the
addresses 8 to 23 inclusive.) The previous value of (s )
is obviously lost.

The word (s_) - also called "the link" - records the
address of th® order that follows the subroutine Jump
in the memory; this order would have been the next or-
der to be executed, were it not for the fact that the
6T-order, being a jump, interrupted the normal sequence.
The value of &ngindicates where the interrupted sequence
can be continued; for this reason the 6T-order ls called
a subroutine Jjump.

The subroutine jump therefore "preserves" the current
contents of T by putting them in safety in the 15 least
gignificant diglts of (sm). The subroutine Jjump preserves
still more information: the remalning bits of (sm) are
used to record the current contents of a number of small
registers. The detalls are postponed untll these regls-
ters have been dilscussed (see 2.%.3 and 2.7.2).

The remeining orders form a speclal group, known as
"shift and communication orders’. They are of a diffe-
rent nature and will be discussed later (see 2.6 and

2.7).
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2,4 The variants

The description of the orders as glven in 2.3 holds
in so-called "normal cases". In actual fact there are
different versions of the orders. The funectlon of the
orders can be altered and extended In three respects,
These modificatlons are controlled by the three so-
called "variants". Roughly speaking, the variants cover
"address modification", 'tondition-setting", and "condi-
tion reaction".

2.4.1 Address modification

The variant controlling address modification can take
one of four forms. In the normal case the address digits
of the order are processed as described in 2.3, the other
three possibilitles are indlicated by writing one of the
three letters A, B or C behind the address.

A("Absolute") In this case the address modification is a
change in interpretation of the address digits: the nume-
rical part n of the order 1s not Interpreted as an address
here, but as a number. For this purpose 12 zero's are added
to the 15 diglts of n at the most significant side.

For the absolute version "the contents of storage loca-
tion n" in the above description of the orders should be
read as "the number n".

For example, the normal order 25 n has the functilon
(n)=>(S); by contrast, the order 25 n A has the func-
tion n =[S].

The absolute version makes 1t possible to record con-
stants less than 215 directly In the address of the order;
in this way space in the memory is saved.

Furthermore the absolute verslon is, as a rule, faster
than the normal version: when the order has been selected,
no second memory contact 1s necessary to obtain the number,

We note:

1. that the absolute version has no meaning 1in the case of
out-operations.

2. that for the orders 4T and 6T (counting and subroutine
Jump respectively) the address is automatically inter-
preted as an absolute address (see 2.3). The variant for
address modification does not apply to these orders, the
address may not be followed by elther A or B or C. The
obligatory index m follows it instead.
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3. that the absolute verslon of the 2T-jump will be made
use of more frequently than the normal version.

B and C ("B- and C-correction" respectively) In the
case of a B- or C-correctlon, The contents of the B-
register are added to the address of the order imme-
diately after it has been read from the store. The
order is then executed with the modifled address; the
latter 1s interpreted in the normal way and nevcr as
an absolute address.

If (B) 1s negative care must be taken that the B- or
C-correction gives rise to a non-negative address; sil-
milarly, 1f (B) is positive, the resulting address must
be less than 2P .

The dlfference between the B- and C-correction is the
following: the B-correction leaves the order stored in
the memory intact, while the C-correction also substi-
tutes the newly formed address in the memory. For orders
stored 1n the dead memory a C-correctlon 1s interpreted
as a B-correction.

Finally a word of cautlon must be added with regard to
shift and communication orders. Here the use of B- or C-
correction may give rise to unexpected results, because
the address diglts act more or less as additional func-
tion digits. By using a B-correction the character of
such an order can radlcally change.

2.4.,2 Condition reaction

The variant ot the conditlon reactlon can take one of
four forms. In the normal case the order is executed as
described above (see 2.3). To indicate one of the three
remaining possibilities, one of the letters U, Y or N 1s
placed before the function. The name of thls variant is
derived from the last two versions (Y and N), as they
cause the order to react to the so-called condition. The
latter is recorded 1n a separate one bit register. When
this bit 1s zero, we say that "the conditlon 1s affir-
mative", if not, we say that "the condition is negative'.

Y ("Yes-conditional") In this case the order is only
executed of the condition 1s affirmative, otherwlse 1t
is skipped.

N("No-conditional") In this case the order 1s only exe-
cuted if the condition is negative, otherwise it 1s skipped.

We point out agaln that a skipped order leaves the con-
tents of the reglsters and the memory unaltered: 1f, for
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example, a C-corrected order is skipped on account of
the conditlion, the order itself alsoc remains unchanged
in the memory.

U ("Undisturbed destination"). When the U-version is
used, transfer of the result of the operation to 1ts
final destlnation 1s suppressed, although it is formed.
The result of the operation is thus lost, whereas the
orlginal data remain.

This version would obvlously be pointless, were 1t not
for the fact that the result obtalned can be used to set
the condition (see 2.%.3).

The U-version does not apply to multiplication, divi-
sion and shift and normalize orders (see 2.6), i.e. not
to those instructlions in which the registers are used
repeatedly in forming the result.

The U-verslon has a different meaning for T-orders
(jumps), viz. "Execute the Jump order if the overflow
indication = 1 and clear it (1.e. make it = 0), other-
wlse skip".

The overflow Indication 1s held in a separate one bit
reglster (comparable to the condition). Irrespective of
its previous value, this bit is given the value one as
soon as an overflow of capaclty occurs in additlion or
subtraction.

Overflow 1s detected when the addition of two numbers
with equal signs results in a sum with the opposite sign.
This applles only to numbers of full word length, the
orders OB to 7B therefore require a more detalled de-
scription.

In the orders 0B, 1B, 4B, 5B, 6B and 7B the original
contents of the B-register are supplemented by eleven
coplee of 1ts slgn diglt at the most significant side;
the 27 bit number thus obtained 18 processed.

In the orders OB, 1B, 2B and 3B only the 16 least sig-
nificant diglts of the result are transferred to the B-
reglster.

The overflow detectlon, however, reacts to the addi-
tion performed on numbers of full length. By addition
of two positive numbers, 1t 1s therefore possible that
the sign diglt of the B-register d4g becomes = 1, with-
out the overflow indication being sét.
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2.4.3 Condition-setting

In principle the last variant controls whether the
order asslgns a new value to the condltion., The normal
case, in which the bit specifying the conditlon 1s left
as 1; sbtands, 1s described in 2.3. If we wish the result
of an operation to influence the condition, one of the
letters P, Z or E 18 wrltten right at the end of the
order. .

We formulate the setting of the condition as recording
the reply to a question; the nomenclature "affirmative"
and "negative" for the two states of the condition is in
accordance with the above convention.

P("Positive?") The condition records the reply to the
gquestion "Is the result > +0?", where, by definition, a
result = -0 would lead to a negative answer.

z("Zero?") The condition records the reply to the ques-
tion 8 the result = 02"

E("Equal signs?") The condition records the reply to the
question "Is the sign of the result equal to the sign of
the result of the previous condition-setting order?'

Tt 1s possible to construct the answer to the last
question thanks to an additional memory element, the so-
called "Last Sign Reglster"; like the reglsters for con-
diticn and overflow indication it consists of one blt.

In te orders OB to 7B the questions asked refer to the
full length result (see 2.%.3, last paragraphs). For mul-
tiplication and division we specify that the final con-
tents (f the A-register are to be taken as "the result”.

The zbove description of this variant does not apply
to jump orders; for them this varlant acts as follows.

The synbols P, Z or E do not occur In the 6T-order
(subroutine jump).

In the 4T-order (counting jump) P, Z or E may occur,
but they co not change the condition. In the description
of the couiting jump (see 2.3) the counting: (rp) - 1=
(rm) and tte jump: n = (T) were irrevocably connected.
By placing 2 P, Z or E after the index m, however, one
makes the ececutlon of the Jump dependent on the new
value of (-p).

P("Jump if (ry) is positive") The jump only takes place
If the new (rp) > O. (NB. when the counting leaves (rm)
= 0, 1t is always in the form (rp) = -0.)
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Z ("Jump if (rp) equals zero") The jump only takes
place 1T the new (rpy) = O.

E ("Extra jump") The jump only takes place 1if the new
value (rm) 2 O. (If this order is executed repeatedly,
one more Jump is made than In the case of P, hence the
name "Extra Jump".)

A countin ump may be conditlonal to the overflow
indication %Uﬂ or the condition (Y or N), in which case
the counting Jump is skipped if the requirements con-
cerned are not fulfilled. This Implies no counting and
no jumping. If the order 1s not sklpped, the counting
always takes place and the order 1s consldered as executed
- in the U-verslon the overflow lndicatlon is cleared! -,
even if, after counting, it is found that the Jump must
be suppressed.

The variant only exists in the P-version for the re-
maining jumps (0T, 1T and 2T). The jump is then called
a "restoring Jjump". For the present a partial descrip-
tion must suffice.

The order "2T n" transfers the 15 least significant
bits of (n) to the order counter. The order "2T n P"
does this too, but performs a number of secondary svb-
stitutions depending on the values of the more signi-
ficant digits of (n). For the moment we mention the
processing of three of these bits.

@

(n) for the orders 0, 1, 2T n P
d =0 make the condition affirmative
18
=i " " n negative
dq7 = 0 make the "Last Sign" positive
= n " " " negative
d16 =0 place a O In the overflow

indication (i.e. clear it)
= place a 1 in the overflow indication.

The Inverse of the above operatlions always takes place

in subroutine Jumps: besides the fact that (T) is pre-
served in the corresponding s_ (see 2.3), the condition,
last slgn and overflow indlcatlion are recorded 1n the
digits d4g, d4q7 and dqg of (spm). It is therefore possib.e
to call in a subroutine, at the end of which the contrnl
1s returned to the main program, with the restoration of
the status quo at the moment of calling in, as regards
the condition, last sign and overflow indication.

If the subroutine jump was conditional to the overflow
(U-version of the jJump order), an already cleared over-
flow Indication 1s recorded in S
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2.5 The order notatlon

2.5.1 The address notation

In discussing the address notatlon we regard the
memory as belng divided into pages, each conslsting
of 32 consecutive storage locations.

An address 1s written in two parts, viz., line
number followed by page name., For thils reason the
1ines of a page are numbered from O to 31 Inclusive,
Line 31 of a page 13 followed by line O of the next
one,

The standard program sheets for the X1 are designed
in accordance with this conventlon and have 32 lines;
starting at the top they are numbered from 0 to 31.

In their turn pages are grouped Into so-called para-
rraphs. A page name consists of so-called paragraph
letters followed by the page number. The latter may
have any value from O to ﬁé inclusive, 1t numbers con-
secutlve pages of the same paragraph. Thus a paragraph
1s characterized by 1lts paragraph letters and 1t com-
prises, at most, 17 consecutlve pages of 32 words each.

During input of orders the X1 deduces the blnary re-
presentatlon of the address from these symbols. In thils
deduction the page number, multiplied by 32, 1ls added
to the line number; this sum 1s added to the address at
which the paragraph starts, i1.e. the address of line O
of page O of the paragraph. Hence line 3 of a page may
alsoc be referred to as llne 35 of the previous page.

The programmer may choose from 169 possible paragraph
names; they all conslist of two letters and he may use
one of the following thirteen for both the first and the
second letter:

z, E, F, H, XK, L, R, 8, T, W, U, ¥, N.

An address is written in three columns, from left to
right:

1. the 1line number

2. the flrst paragraph letter

3. the second paragraph letter followed by the page
number,

Remark. If a line number or a page number happens to be
zero, one is nevertheless obllged to write this O down.
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It 1is useful to regard those paragraphs with the same
first paragraph letter as being the paragraphs of one
chapter. If the first paragraph letter equals that of
the prevlous address, it may be omitted. A special co-
lumn is reserved for the first letter, so that thls o-
mission is clearly seen: a blank in this column acts as
"dittos".

Thus 1t is only necessary to write down the first para-
graph letter when 1t changes, and one saves much wrilting
and punching when one avolds changes in this letter as
much as possible. The 1ldea of chapters now becomes clear:
if those paragraphs, that refer to each other most fre-
quently, are grouped under one chapter, we obtain a
clearer and more concise notation. By contrast to pages
In a paragraph, the paragraphs of a chapter need not di-
rectly follow each other in the memory.

The address at which each paragraph starts may be chosen
by the programmer; this address functlons as an arbiltrary
reference point, with respect to which the programmer can
number his addresses,

There are, however, two fixed reference polnts, each of
which 1s indicated by a single letter (viz. X and D res-
pectively). The processing of these letters is independent
of the chapter In which they occur; their use does not
glve rise to a change in the first paragraph letter in the
sense described above. For this reason the symbols X and
D are written in the last address column, together with
the page number, that may have any value from O to 371 in-
clusive after these letters. The X refers to address 0,
the beginning of the (living) memory; the D refers to a
fixed polnt in the dead memory section.

2.5.2 The order

Orders are written in seven columns found on the standard
program sheets; for the moment we number the columns from
O to 6 as shown below. (At the extreme left of the columns
we find the numbers O to 31 for the lines, at the right a
falr amount of space 1s left for notes and explanations.)

"
[
1
I
1
1
|
'
]
1
"

‘0 1'2'3 4 5 6
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From left to right they are reserved for:

column O: Condition reaction (When 1t occurs, U, Y or
N is entered in this column.)
column 1: Function, i.e. function dlgit followed by
function letter(s)
column 2: Line number
column R: First paragraph letter (usually omitted)|,3qpess
column %: Second paragraph letter followed by page
number
5: Address modification (When it occurs, A, B
or C is entered in this column., In the orders
LT and 6T, where these letters cannot be used,
the index m € 7 or € 15 respectively 1s
written in this column.)
column 6: Condition-setting (When it occurs, P, Z or E
is entered in this column.)

column

In short: function and address are written between the
thick lines, outside of these space is provided for the
variants.

In many of the orders in the absolute version, the
programmer Wlll prefer to wrlte the numerical part in
decimals. For example, when one wishes to multiply (3)
by 1000 the notation

2X 1000 X0 A

is clearer than
2X 8 %31 A

(although the last form is permissible). As a result A
is often preceeded by "X0O", as nothing ls to be added
to the decimal number. The combination "XO A" occurs

so often that a shorter notation has been introduced:
in this particular case the X0 in column 4 may be o-
mitted, and the usual notatlon for the saild Instructicn
is

2X 1000 A

2.6 Shift and communication orders

The order code includes a special group of Instruc-
tions lknown 28 "shift and communication orders". The
address dlgits of these orders never refer to a storage
location, but hold additional information about the na-
ture of the operation (according to a specific code).
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They can all be dencted by the functlon letters ¥
and Z, For many of these operations, however, this
would lead to a rather cumbersome notatlion: the pro-
grammer would have to be famlllar with the coding of
the address portion of the shift and communication
orders. To avold this, a speclal function letter P
1s introduced.

The function letter P is the indicatlion that the
tape readlng program has to process the symbols that
then follow in a speclal way, as they have an entire-
ly different meaning from ordinary address symbols.
The subdivision into pages does not apply here, these
"addresses" never bring about a change in the first
paragraph letter as described 1n 2.5.1. As a reminder
the column in question 1s always left open for these
orders,

2.6.1 Shift orders

Shifts can take place in four so-called "circuits".
They are

Circult AA Fl a |
(27 bits) e —

Clrcuit S8 |t| — 5 |
(27 bits) s .-
Circult AS | [ & ] || - S l
(53 bits) =/ Ll —
Ciprcult SA

(5h pits) e [P - T

The sign diglt of the first reglster named acts as
"the sign digit of the circult", in the dlagrams it is
Indlcated by t. We note that the sign digit of S is not
Included in the clrcuit AS.

Digits of a circult may be shifted 1in elther direction,
as shown by the arrows in the dlagrams.

There are two different ways of shifting, "round shift-
Ing" and "clear shifting". Shifting around needs little
further explanatlon: the diglts of the circuit are cyclic-
ally shifted over a glven number of places, either to the
right, or to the left. In the clear shift the circult 1is,
as 1t were, cut open at the sign digit t of the circuit.
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(The part of the circuit indicated by dotted lines in
the diagrams then no longer applies.§ The sign diglt
t does not change during the clear shift; the dlglts
leaving the circult at the cut are lost, at the other
aide of the cut coples of t are sent into the circult.

The kind of shift is indicated in column 1 of the
program sheet, l.e.

OP Round shift to the left
1P Round shift to the right
2P (Clear shift to the left
3P Clear shift to the right

In column 2 we write n, the number of places over
which the diglits are to be shifted (0g¢n <31).

Column 3 is left open, in column 4 we write the two
letters denoting the clrcult.

The U-version does not exlst for shift orders; nelther
does the A-version, because the interpretatlon of the
address digits 1s already fixed. The B- or C- correction
may be applied, but with due care: if the resulting n
should for example become greater than 371, the order
would become a different shift or communication order!
The P-, Z- and E-versions all exlst, but we must speclfy
that the term "the result" refers to the final contents
of the A-register for the circuilts AA and AS, and those
of the S-reglster for the circuits S5 and SA.

In 1llustration, we give a rounded-off version of mul-
tiplication and division. The program below rounds the
product {0 X1}. {1 X1} off and places the result in {A] :

25 0 x1
2X 1 X1 F,
OF 1 AS
Y [0A A A
N (1A 1 A
P 1 AS

The following program rounds the quotient (0 X1)/(1 X1)
off and places it in {S}:
28 O X1 P
25 1 X1 E
N |5P 3s -(8) =~ (8), see 2.6.2.
3P A S8
oD 1 X1
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The above examples show that rounding-off is a rather
complicated matter when nothing 1s known about the signs
of the numbers involved,.

2.6.2 Regilster transports

The contents of any one register may be copled, with
or without inversion, into another or the same register
by means of a "register transport order". Columns 2 and
3 are left blank. The general form of these orders 1is

L (R) = (R)
L -(R) = (rR%)

[
1
il
[

4p! | IRR
i 1
5p: ¢

where R and R® represent A, S or B.
The A-version does not exist and B- and C-correction

are difficult to apply. The variants of condition reac-
tlon and setting may be used without restriction.

2.6.3 Normalize orders

In normallze instructions columns 2 and 3 are also left
blank, What has been sald about the variants in 2.6.1 ap-
plles here as well, but B- and C-correction are of less
lmportance.

Normallze orders are, in fact, shift orders to the left,
The number of places shifted, however, is not glven in the
order; the digits 1n the circult are shifted to the left
until the most significant digit of the number differs from
the sign bit t (in other words, over the maxlmum number of
places for which a clear or round shift makes no difference),
The normalize order places this number in the B-register.

Normalize orders exlst only for the circults AA, AS and
SS (see 2.6.1). The maximum number of places shifted in
normalizing is 26 for the circuits AA and SS, and 52 for
the circult AS. These numbers are only reached if all
digits of the circuit are the same.

The normalize orders are written as follows:

: 6Bt | :AA ' G normalize (A)

: 6P: ,o!ss| ! normalize (8)
1]

! 6P! | AS| | normalize (AS)
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(The above description of the order 6P AS 1s not
completely correct, as the order may be given when

sgn(A) # sen(s).)

2.6.4 The stop order

1 }?Pi 1 : l 3 | stop

] 1 1

The order 7P stops the X1; 1t exists in the Y-version
and in the N-version.

2.6.5 The fast multiplications by 10

Two special multiplications are included to speed up
the conversion from decimal to binary representation and
vice versa.

10[s) = AS) (or 10{s} = [s})

62132 | XX
10 [S] = [8]

62133 | XX

i
|
]
I
1

'
1
]
1
r

In the firset order the original contents of A are lost,
in the second they remain intact. The first order 1s of
special significance in the output, the second in the In-
put, of data In decimal form. The two orders are technlec-
ally the same but for the fact that transport of the "ecarry"
to A 1s suppressed in the second order; the latter only
gives a correct result 1f the product does not exceed the
capaclty of one word! In both orders the final contents of
S act as the "result" for the purpose of condltion-setting.

The time taken by both multiplications 1s 6% us (normal
multiplications require 500 psg

.

The "actual" communication orders are of only small
interest to most programmers, because 1n most cases the
standard communlcation programs will meet thelr needs.

Since the communication programs for tape reader, tape
punch and typewrlter will be discussed in detall in this
thesls, we now describe the communication orders that con-
trol these mechanisms.
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2.6.6 The communication orders for the tape reader

The tape reader handles five-hole punched tape: the two
most significant positions are on one side of the sprocket
hole, the three least significant on the other side.

Tape read Instructlons regard the output of the tape
reader as a positlve number of 5 digits (a hole = 1 and
no hole = 0); the number is supplemented by 22 zeros at
the most slgnificant side. This number is denoted below
by (BL); 1t mey be added to or subtracted from (A) or
(S), or transported to one of these registers with or
wlthout change of sign. As soon as & symbol has been read
by one of the following tape reading instructions, the
tape 1s stepped up by one position, so that the next sym-
bol can be read.

oY 1 Xp (A) + (BL) = (A) and step up
19 4 XP (A) - (BL)=s (&) w v
2Y 1 Xp + (BLY = (B v u  w
3¥Y 1 Xp - (BL) = (&) noooom
0Z 1 XP (8) + (BL) == (S) v v u
1Z 1 XP (8) -(BL)=E) v W
2Z 1 Xp + (BL)=(8) v v u
3Z 1 Xp - (BLY=(8) v «

The varlants of conditlon-setting and reaction may be
used wlthout restriction,

2.6.7 The communication orders for the tape punch

The five least significant digits of (A) or {8) can be
punched with or without inversion. They are sent to the
so-called type-punch-relays TP. As soon as a symbol has
been punched, the tape is moved up over one position.

6Y 1 XP +(A)= (TP), punch and step up
7¥ 1 XP -(A)s (TP), W I
6Z 1 XP +(S)=s (TP), wooom o
72 1 XP -(8)(TP), o noowom

In condition-setting the complete word +(A) or +(S)
functions as the "result"; the varlant of condition reac-
tion may be used in the Y- and N-version, but not in the
U-verslon.
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2.6.8 The communication orders for the typewrlter

The type order The operatlon of the type order is ana-
Togous to that of the punch order; in this case however,
the six least significant diglts of +(A) or i(SS deter-
mine the symbol to be typed. The type-punch-relays TP are
used here too.

6Y 2 XP +(A) — (TP) and type
7Y 2 XP oK) e (TRY ™ .
6z 2 XP +(8) = (TP) " ¥
7Z2 2 XP -(8) = (TP) " "

The use of six blts makes i1t possible to operate all
the keys of the typewriter., The "Capital Letter key" can
also be used; the typewrlter will remain in this position
until a signal is sent to the "Small Letter key".

The correspondence between (TP) and the typed symbol 1s
glven in Appendix 1.

The "echo" orders The purpose of these orders 1s checking
the output by means of the typewriter as fully as possible,
The typed symbol can be sent back in binary form from the
type relays TR to A or S. The number (TR) is supplemented
by 21 zeros at the most significant silde.

oY 2 XP (A) + (TR) = (A)
19 2 XP (A) -~ (TR) = (&)
2Y 2 XP + (TR) == (&)
3¥y 2 XP - (TR) = (&)
0Z 2 XP (8) + (TR) = (8)
1z 2 XF (8) - (TR) = (S)
2Z 2 XP + (TR) = (8)
32 2 XP - (TR) = (8)

2.6.9 Timing of communicatlon orders

As mentioned before the tape reader can handle 150 sym-
bols per second, the tape punch 25 and the typewriter 10
(see 2.2.3). When the control encounters a tape reading,
punching or typing order, one of two sltuations may arilse.

It 1s possible that so much time has elapsed since the
execution of the last similar order, that the apparatus
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In questlon can deal with a new order Immedlately;
the communication order 1s then executed in 36 us
and the X7 contlnues 1ts program without delay.

On the other hand the apparatus in questlon may still
be engaged in the completion of the previous similar
order; in thls case the X1 automatically walts untll
the new communicatlion order can be executed and only
contlnues the program after the necessary delay.

It is therefore poszsible to make a communication
program for the X1, wlthout paying any attention to the
relative timing of the external apparatus on the one
hand and the X1 on the other hand.

The X1 can continue with the program immedliately
after obeylng a communicatlon order, although the ac-
tual completion of this operation may requlire a consl-
derable time (viz. 7, 40 or 100 ms); thils is possible
thanks to the fact that the external apparatus has a
separate control.

The tape punch and typewriter make use of the same
control apparatus, while the tape reader has 1ts own.
As a result, the blocking of tape read orders on the
one hand 1s entlrely independent of the blocking of
punch, type and echo orders on the other hand.

When a tape read order has been obeyed, no new tape
read order 1s accepted for 7 ms.

When a tape punch order has been obeyed, no new punch,
type or echo order is accepted for 40 ms.

When a type order has been obeyed, no new punch, type
or echo order is accepted for 100 ms. (If the type order
sends a Tab-signal to the typewriter, the blocklng lasts
longer, after a NLCRE-slgnal 1t lasts much longer.

The executlon of an echo order does not glve rise to
any blocking.

When the X1 encounters a communlication order that
canmot be accepted Immedlately, 1t automatically walts,
as mentioned earller, untll the restriction 1s removed.

Since the X1 would be nonactive during this period, a
system has been devised whereby it is possible to avold
walting time; during the period of blocking the X1 con-
tinues wlth some other program but as soon as the res-
triction 1is removed, the X1 is "warned" that the follow-
Ing communication order can be executed without delay.
This "warning" 13 called "an interruption signal”.
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2,7 The synchronization with external apparatus

2.7.1 Introduction

The communication orders for tape reader, punch and
typewriter have been described 1n 2.6.6 to 2.6.9.

Begides these, the order code includes instructlons
for otner input and output apparatus which may be
coupled to the X1, e.g. fast tape punch, reproducers
and fast sorters for punched cards, tabulators, fast
printers, magnetic tape mechanisms. They will not be
considered here; we prefer to direct our attentlon to
a general problem that arises In connection wilth the
coupling of the X1 to external apparatus, viz. the
problem of synchronizatlon.

The fact 18 that these orders (which will occur in a
communication program) enable the X1 to make contact
wlth such apparatus, but the construction of the latter
will, as a rule, impose the restrictlon that the time
of executlon of such a communication program cannot be
arbitrarlly chosen.

For example, we have already seen that an interval of
at least 4100 ms must have passed after the executlon of
a type order, before the next one can be obeyed. For a
punched card machine, which can deal with cards at fixed
intervals, the "consclousness of time" 1s even more pro-
nounced. In consequence, it 1s desirable (if not necess-
ary) that the moment at whilch the X1 starts on the com-
munication program, be determined by the external appa-
ratug rather than by the X1,

For example, in the case of the typewriter, thls 1s the
moment at which another type order can be accepted, in
the case of a reproducer this is the moment, at which a
card has just passed the brushes, etc.

The so-called "interruption" has been built into the
machine to enable the X1 to execute a specific communl-
cation program within a period of time, that is Indepen-
dent of the main program, Broadly speaking, the inter-
ruption involves the following: at the beginning of such
an interval the program under execution 1s interrupted as
soon as possible, a so-called "interruption program" at-
tends to the external apparatus concerned, and afterwards
the program which was interrupted 1s continued as 1f
nothing had happened.

We can plcture the interruption as follows: on comple-
tion of an order, the following order 18 not selected,
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but a speclal subroutine Jump ls placed 1n the order
reglster Instead. As the inserted instruction is a
subroutine Jump, the current contents of the order
counter and the conditlon etec. are preserved In the
corresponding link (sp) and control is transferred
to the beglinning of the Interruption program. As a
rule this wlll begin by storing the current contents
of the reglsters A, S and B in locatlons specially
reserved for the purpose. Thereafter the Interrup-
tilon program proper attends to the apparatus in ques-
tion, and finally the status quo of the interrupted
program 1s restored with the aild of the preserved
data.

In other words: as soon as more urgent work has to
be done, the X1 can be automatically "lent" to an in-
terruptlon program so that 1t can be speedlly attended
to. By comparlson to solutions without an interruption
facility, the efflciency of the X1 1is considerably 1in-
creased 1n this way.

If the X1 has to attend to several external mecha-
nisms, one can understand that it 1s desirable that
different mechanisms produce their own interruption.
These interruptlons should have an order of priority.
For example, a small interruption program, which must
be executed wlthin a short and specifled range of time
may not be Interrupted by a long Interruptlion program,
which can probably be postponed longer than the short
one; the reverse case, however, should be permitted.

For any interruption, the so-called "interruption per-
mit" indicates whether the interruption 1s permitted or
not. It can be modifled by the program: interruptions
therefore take place automatically, but only inasmuch
as allowed by the program!

If one prevents an Interruptlon by means of the inter-
ruption permit the actual interruption 1ls postponed un-
til the permit 1s sultably modified. To make this post-
ponement possible mechanisms (or parts of these) which
requlire attention do not bring about the interruption
directly, but they only send a so-called "interruption
signal" to the X1. (This signal remains until it is re-
moved by the appropriate order in the corresponding in-
terruption program.) The permit then determines when the
slgnal wlll bring about 1its corresponding interruption.

Provision 1s made for seven different interruptions at
most., It 1s posslble for different signals to call for
the same interruptlon. Those interruption signals that
cause the same Interruption form a so-called class. The
interruptlon permit can specify per class, whether its
slgnals are to have an immediate effect or not; in other
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words the interruption permlt can postpone certain
interruptions. The classes are numbered from 1 to T;
interruptions from class 7 cannot be suppressed by
the permit (see 2.7.4) and the interruption permit
therefore consists of six bits.

As far as Interruptlon signals are concerned the
presence of one from its class 1s sufflclent to pro-
duce an interruption. The interruptlon program mus®
then be able to decide whilch of the signals of 1ts
class are present. Speclal orders have been bullt
into the machine for this purpose: they read the so-
called "class word" and transfer 1t to A or S. Every
interruption signal of a class corresponds to a spe-
cific blt of the class word that keeps a record of
the presence or absence of the interruption signals
of the c¢lass in question. As soon as the presence of
an Interruption signal has been recorded in the arilth-
metic unilt, 1.e. when the class word has been read,
the interruption signal ceases to exist.

Finally there 1s a method of preventing all inter-
ruptions without altering the permit. The X1 may be
in one of two states, viz. "susceptible" or "non-
susceptible". The above description holds for "X1
susceptible"; for"X1 non-susceptible" no interruption
takes place, regardless of the permit. Transition from
susceptible to non-susceptible and vice versa can be
brought about by speclal orders. Furthermore, the X1
becomes non-susceptible, as soon as an Interruption

has taken place.

The hierarchy of interruptions can be controlled by
the interruption permit. The state of susceptibility
of the X1 serves another purpose. Wlth the Interrup-
tion facility an entlrely new element 1s introduced:
the actual order in which the X1 performs its diffe-
rent tasks 1s no longer determined by the program only.
To enable the program to fulfill its total functlon pro-
perly, 1t is desirable that uncertalnty about the order
of executlon be excluded at certain critical stages of
the program. (This applies particularly to those situ-
ations where the different tasks are connected to each
other.) This has been realized - without altering the
interruption permit! - by the introduction of the non-
susceptible state. As a rule non-susceptibility only
lasts for a few orders.

2.7.2 The preserving function of subroutine jumps

A detalled description of the preserving function of
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the subroutine jump 6T can now be given. The word (sp)
records, from left to right:

1 stop at end of subroutine

d26 stop bit
0 do not stop uw n 'n 1"

d25 Interruption permit bit, class 6| = 1, permit inter-
! ruption
dsg " n w , class 1| = 0, prevent in-

terruption

d19 susceptiblllity bit when susceptible

when non-susceptible

i n

when negative

d18 condition bit
when affirmative

]

d17 last slgn bit

when positive

when overflow

d16 overflow bit
when no overflow

1
0
1
0
1 when negative
0
1
0
.5

)

dgg = 0 (unused, see 3

14

instruction counter bits .

[ Y

0

The reverse process takes place in the restoring %ump;
the restoration does not only cover condition ete. (see
2.4.3), but also the interruption permit and the suscep-
tibility.

2.7.3 Orders related to interruptions

The setting of the interruption permit can be done by
means of a restoring Jjump, for instance in the additvive
verslon OT when a non-absolute address n 1s used., One
makes the 415 least significant digits of (n) equal to
nought, control therefore does not jump. Note that the
order destroys condition etec!

(If we wish to make the X1 susceptible with all classes
allowed by the interruption permit but we do not wish to
change conditlion, last sign and overflow indicatlon then
we could make use of the followlng plece of program. It
1s assumed to start at address 0 Z EO0.)
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DA O Z EO DI (see 4.1.3 and 4.1.4%)
o | 6T 4 EO | O
1|28 8 X0
2 | op 11 AA
3| |2LA 7 A
I |orA 24 X31| A
5 | 1P 11 AR
6] | 6A 8B X0
71 | oT 8 X0 P
8

Another way of modifying the interruption permit 1s
to use the followilng order:

oyt ni ixs| o (0 n ¢126) .
This order removes those classes from the interruptlon
permit that are indicated by a 1 in the binary represen-
tation of the number n (i.e. a type of collatlon with the
inverse of n); as there is no class O, n 1s always even.

Two orders from thils group have a speclal functlon, viz.
forn =0 and n = 126,

without al-
! lOY; 0} :XS’ i 1 make the X1 susceptible tering the
' fov!4126, 1xs| | | make the X1 non-susceptibl égﬁ;;i?ption

The following orders enable the interruption program to
detect which interruption signals from a class are present,
their presence belng indicated by a 1 and thelr absence by
a 0. They are {(1¢k<7):

i | read k-th class word into A
1 I 1 n n " n S .

kY, 4| 1 XP

]
]
Clkz!l B xp

The interruption signals cease to exlst as soon as their
class word has been read out by one of the above orders.

The interruption of class k is effected by means of an
inserted subroutine jump which uses sg,. Of the (sp)'s
wlth g ¢m <15 the programmer can only use those that cor-
respond to unused classes,.

Remark. The seven "interruption subroutine jumps" which
can be inserted are stored In consecutlve addresses in
the dead memory, viz. 1-7 D16 (see Appendix %).
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2.7.% The interruption by means of the keyboard

Class 7 is somewhat different from the others. Its
interruption signals are not obtained from an indepen-
dent mechanism, but from the keyboard on the console
of the X1 (see 2.8). Pressing the keys whille the X1 is
in action has no effect at all; pressing the key when
the X1 has been stopped wlll start the X1 and produce
an immedlate interruption of class 7, lrrespectlve of
the contents of the interruption permit and of the
susceptiblility of the X1. The fact that the X1 was
started by the interruptlon is recorded by dpg = 1 in
815. At the end of the keyboard Interruptlon program
the status quo 1s restored, amongst others, by means
of a restoring jump via sq5, which then stops the ma-
chine. The keyboard makes use of an interruptlon in
order to be able to restore the status quo and does
not use 1t for the purpose of synchronization!

In class 7 the reading of the class word 1s replaced
by a reading of the number of the key that has been
pressed. For this purpose the keys O to 9, ., +, -, F,
G and H are numbered from O to 15, in thls order. The
keyboard program can thus detect which key has been
pressed. This may have conslderable Influence on the
action of the keyboard program, a8 wlll be clearly
ﬁhgwn)when we discuss the so-called autostarts (see

A4.2).

2.8 The console of the X1

A number of switches and indication lights are to be
found on the nearly vertical panel behind the section
with nineteen keys and two switches on the surface of
the desk. The latter are arranged as follows:

BNA + 1 2 3 F
SNA  BCA - 6 G

5
SCA DO . 8 9 H
0

-~ 4

The two swlitches at the extreme left of this sectilon
control the stoppling of the machine.

SNA "Stop Next Address" When this switch 18 swltched on
while the X7 is worklng, the machine completes the order
under execution and then stops. The order counter T then
contalns the address of the next order to be ocheyed.
Amongst others this swlteh 1s used to stop the machine
instantaneously. When one starts the machine while SNA
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is on, 1t stops after completing the first order. When
a subroutine jump is executed while SNA 1is on,the stop
bit of the link concerned 1s made = ‘1. The switch SNA
therefore enables us to execute a program order by order
for the purposes of inspectlon. If this program calls in
a (standard) subroutine, the Intermediate results of
which do not lnterest us, we can put the switch SNA off
and let the X1 execute the subroutine at full speed. As
the position of SNA made the sign bit of the link = 1,
the X1 stops automatically after completing the subrou-
tine (Bee 2.3).

SCA "Stop Chosen Address” Thls switch enables one to
stop the machine at any desired point in the program,
the point being fixed by means of the 15 switches of the
stop address. When SCA 1s on the X1 stops as soon as the
order in e stop address has been executed; the order
counter again contains the address of the next order.
The 15 switches of the stop address are at the top of
the vertical panel on the right hand side; any address
can be specified by these switches (down = 0, up = 1).

The machine 1s started by means of push buttons.

BNA "Begin Next Address" On pressing (and releasing)
this key the machine starts working, beginning at the
order to which the order counter refers. When SNA 1s

off the machine continues working, when SNA 1s on the
machine stops immediately after the executlon of the

first order. The key BNA is therefore used to allow a
atopped program to continue 1ts operation, 1t 1s also
used to carry out (part of) a program order by order.

BCA "Begin Chosen Address" By using this key it is
possible to start the machlne at any specifled polnt.
The address of the first order to be executed must be
given in the 15 switches of the so-called start address.
The start key BCA coples the start address into the or-
der counter; from then onwards its actlon 1s the same

as that of the key BNA. '

The switches of the start address can be found at the
top of the vertical panel on the left hand side; as in
the case of the stop address the address 1s glven 1n
its binary form.

DO The key DO is used primarily in testing. Once this
key has been pressed the X1 executes the order specl-
fied (in binary form) in the 27 so-called word switches;
these can be found at the base of the vertlcal panel.
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When SNA 18 on, the order In the word switches 1is
obeyed only once; when SNA 1s off the order 1is exe-
cuted repeatedly, until SNA is thrown. Provided this
order 1s not a non-skilpped jump order, the contents
of the order counter will not be altered by pressing
DO.

The term "keys of the keyboard" applies particu-
larly to the remaining 16 keys on the horizontal sec-
tion (see 2.7.4). They are used to cause the X1 to do
all kinds of standard service operations. These 1in-
clude typlng information stored in the memory or in
the registers, iIntroducing orders or numbers by hand,
starting the tape read program, etec.

We have already mentioned the switches of the start
and stop addresses and the word swlitches on the ver-
tical panel. Each of these three rows of switches cor-
responds to a particular word in the dead memory:

(1 DO)=start address | supplemented by 12 zeros at
(2 DO)= stop address the most significant side

(3 DO)= console word (l.e. the contents of the word
switches).

Although these words can be varied, they belong in
the dead memory: they can be read by the program, but
not fllled In! The facllity to read these words is of
the utmost Importance: 1t enables the programmer to
construct programs, the course of whilch can be "ex-
ternally" Influenced.

The remainder of the vertical panel 1s used for pur-
poses of dlsplay. There are two rows of 28 and 27 lamps
on whieh the contents of a number of registers can be
seen: the upper row can show the contents of OR, U and
M, the lower one those of A, S, B and T. For each row
the selection of the register to be shown 1s made with
the ald of a rotary switch.

The registers U and M require further explanation.

The U-register 1s the central register of the X1; it
was not necessary to discuss it before as the programmer
has no access to 1t. In general one can say that the a-
rithmetic result of every operation is left in the U-
reglster. If one makes the contents of this register
visible on the indicator lights, while the program 1s
run through order by order, the Intermediate arithmetic
results can be seen In U, no matter where they are form-
ed, In A, or S, or B, or in the memory. The results of
transports also pass through the U-register. (What 1is
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left 1n the U-reglster can be deduced from the fact
that condition-setting orders analyse the final con-
tents of U.)

The M-register acts as "gate" to and from the memory,
and 1s the only place where one can see the parity bit.

Tn this context it should be pointed out that 1t 1s
possible to look at a number in the memory without af-
fecting the contents of any of the "active" registers.

To do so one may place a "U 2A-order’ - with the appro-
priate address - in the word switches and push the button
DO. The word in question then appears 1n U and M.

When the contents of the order counter T are shown,
the interruption permit and the susceptibility are dis-
played in the more significant positions. More preclse-
ly, they show the link whilech would have been formed 1if
the order had been a subroutine jump, except for the
fact that the 1lights in positlons dqg—dqé are not used.
They need not be used as the condition, the last slign
and the overflow indication are permanently displayed
by three separate Indicator lights at the top of the
vertical panel. Finally there are two lights which in-
dicate "wrong order" or "wrong number" respectively
when the machine has stopped on account of a discrepan-
cy of the parlty check.

The reader will understand that indication lights are
not used as long as program and machlne are perfect.
While the X1 is running there 1s not much to be seen
on the lamps either: the contents of the reglsters
change far too frequently. An experienced observer will
perhaps be able to follow the course of the program to
some extent by looking at (the most significant slde of)
the order counter. The advantage of the indlcator lights
wlll be fully realized when the X1 is stopped: in the
debugging of programs they are invaluable.

2.9 The speed of the X1

The terms "additive" and "clear", used below, serve
to dlstinguish those orders that do involve an "actual"
addition %?.e. carry propagation) from those that do
not; both transports and loglcal operations fall under
the heading "clear".

Register transports are included in the category "Abso-
1ute and communication" as no second memory contact is
required for thelr executlon.
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We note that the variant of condition-setting never
Influences the time taken by an order. Condition reac-
tlon only has an effect when the order 1s skipped. The
A,B,C-variant may affect the time except in skips, mul-
tiplicatlons and divisions.

The times are:

1. Skip (in all cases) 32 us

2. Multiplication and division (in all cases) 500 ps
Remark: Under all circumstances the fast

multiplications by 10 require 64 ws

3. Shift and normalize orders (shift over n  40+8n ps
places)

L. Absolute and communication, clear 36 us

additive LY us

5. Normal: clear 64 s

additive in 64 s

additive out 76 us

6. B-correction no change

7. C-correction (except those under 1. and 2.) 8 s extra
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3 DISCUSSION OF SOME OF THE FEATURES OF THE X1

This chapter is devoted to some of the consldera-
tions whilch played a role during the design of what
is described 1n the previous chapter. Where posslble
we shall mention the arguments for and against the
decislons, especlally when these arguments were of
significance in programming.

The reader should not expect to be presented with
a set of conclusive arguments. In the first place, 1t
18 not possible to mention all the various arguments
considered in the design, in the second place the X1
is definitely the product of steady growth and de-
velopment: many techniques and methods were copled from
earlier machines without much discussilcn, as sxperlence
had shown us that they were perfectly satlsfactory.

Some of the motives, however, cannot be appreclated

without a lmowledge of the requirements the machine had
to meet.

3.1 The requirements

Although important from other points of view, we may
ignore some of the requlirements here, such as price,
reliability, volume, power consumption etc. We are more
concerned with the fact that the X1 had to be: "general,
fast, adaptable and elegant".

The term "general purpose computer" 1s often appled to
machines speclally designed for scilentiflic computations.
When we say that the X1 must be a "general" computer, we
mean that the machlne must be suitable for both sclenti-
fic and clerical work. This requirement had a bearing,
amongst others, on the composition of the order code, We
tried to avold orders which would only be used in certain
types of work as far as possible.

As 1s well known, the speed a machilne must attain before
we call 1t "fast", is not clearly defined and continually
inecreases. Untll now, the demands made by the sclentific
user in this respect appear to be without upper 1limit,
and if the needs of the clerical user have been given more
attentlon 1t was for this reason. The outcome was a machine
which can cope, for example, with a number of punched card
machines, one being a fast sorter (42000 cards per hour);
1f the required processing does not involve too many ope-
rations, it must even be possible for the X1 to use two
such sorters (both working at their maximum capaclty) as
fast input mechanlsms.
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By the term "adaptable" we mean that the standard
basic machine can be provided with all kinds of re-
quisltes and apparatus which may be necessary for a
speclfic task. Once an organization has a machlne the
demands made on 1t often increase as time goes on,
and the possibllity of enlarging an installation which
was Initlally a modest one, 1s a major aspect of the
adaptabllity of the machine. Such an enlargement may
conglist of extending the memory, or addling more commu-
nication mechanisms. In this respect it 1s essential
that the way in which a mechanism is coupled to the
machine will not be affected if further apparatus is
added later.

As we shall see later the factor of adaptability was
also consldered in more than one way 1n the making of
the tape read program.

The adaptablility - being an aspect of the required
generality - 1s separately mentioned here, because 1t
has had definlte consequences: 1t must be possible to
extend the basic design, but provision for this possi-
bllity should not be too expensive as the extensions
may never take place. The same appllies to the basic
tape read program, that should not include pleces of
program that are, as yet, superfluous: 1ts structure
must be such that programs for additional faclilities
may be incorporated.

The term "elegant" refers particularly to the struc-
ture of the order code Efficient solutions should pre-
sent themselves to the most common problems encountered
in programming. There is redundancy 1in the code, how-
ever, 1f a large number of equivalent solutions present
themselves at any moment. Such redundancy 1s harmful in
two respects, In the first place because the user pays
for 1t, in the second place, because each programmer
becomes accustomed to his own personal methods, so that
reading another man's programs - difficult enough in
itself! - becomes even harder.

On the other hand a code should not be so rigld that
there 1ls only one reasonable solution in an particular
sltuation. One should be able to modify an "average"
program ln one of two ways: either b speeding it up
(at the expense of more memory space?, or else by making
1t more compact (at the expense of time of execution),

In the case of a machine with a relatively expensive
memory, the latter 1is often not too large. It may then
be important to find a satiaf&ctory compromlse between
the conflicting requirements "fast" and "compact". In
sclentific computations it often happens that some parts
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of the program have to be passed through much more
often than others. It is then worthwile to make those
parts of the program which are most intensively used

as fast as possible, be it at the expense of some me-
mory space; 1f necessary, the space can probably be
regained in the less intensively used parts of the pro-
gram. To arrange programs along these lines should not
cost too much time and energy: an elegant code should
facllitate the making of more speedy or more compact
programs.

3.2 Arithmetical facilitles

Historical factors undoubtedly played a great role in
the cholce of the representatlon of numbers in the ma-
chine and the facilities the arithmetlc unlt should pro-
vide. The registers A and S5, for example, can be found
under the same names in three older machines designed
by the same group; in all three they already functlon
as independent accumulators. We will nevertheless try
to gilve some justifications.

Some consideration makes evlident what experience has
taught us, viz. that programs for a machine equipped
wlth two accumulators run much more efficilently than
those for a machine with only one accumulator: in the
latter case programs are considerably lengthened by nu-
merous transports to and from the only accumulator.

As we add more reglsters to the arithmetilc unit the
relative galn 1in efflclency continually decreases, un-
less ... the new regilster has a speclal function and
thereby provides us with entirely new facilitles! Toe
B-register definitely satisfles this condition, due to
the facllity of B- and C-correctlon: the presence of
the B-register is justifled by the usefulness of these
facilities, although its inclusion would not have been
worth while if 1t had merely been a third accumulator.

Amongst others, technical conslderations were respons-
{ble for the development of B into a reglster with all
accumulator facllities: the difference 1n price between
an accumulating and a non-accumulatlng B-reglster was
relatively small, and the former was sufficiently attrac-
tive to justify the extra cost.

The term "all accumulator facilities" used above in-
cludes the additive out-order, by which the contents of
a storage location are increased or decreased by the con-
tents of a reglster. (The concept of the additive out-
instruction originated through technlcal consilderations.
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As reading from the ferrite core memory 1s destructive,
each word must be rewritten after it has been read; but
then, another possibility 1s to write the sum there!)

An important application of the additive out-order is
making a sum (in the memory) when each new term is form-
ed In one of the registers. If the addltive out-order
were not included in the code the addition of a new term
would cost two orders, which would imply a repetition of
the address of the partial sum, 1.e. "low Information
density" (see 3.3). The addition of a new order to the
code tends to make the latter more complex. In this case,
however, I am of the opinion that the additive out-order
makes the code easler to handle: adding a new term to a
partial sum 1s felt to be one operation to such an extent
that spending two orders on it seems unnatural. If many
numbers in the memory are to be Increased or decreased
by the same quantity the additive out-order enables one
to program this 1in a very compact way.

The contents of the reglsters A and S must be consider-
ed as one double length number after multiplications (0OX
to 3X) and before divisions (OD and D). In additive mul-
tiplications the product 1is Increased by a single length
number at the least silgnificant side; a carry, 1f present,
1s covered by a suitable adjustment 1in the more 8lgnifi-
cant half, irrespective of the comblination of sisns in-
volved. Nevertheless the X1 1is not equipped with a double
length accumulator as such. To use A and S together as a
double length accumulator and yet retain the possibillity
of using each independently, it would be necessary to have
a kind of "coupling" between A and S. This did not really
fit into the general 1dea of the design, and the double
length accumulator was eventually rejected as its rield
of application 1is virtually restricted to double length
arlthmetic: multilength arithmetic hag little use for 1it.

(In the course of our Investigations we were able to
formulate two speclal forms of addition. By using them,
both double length and multi-length additions could be
performed. They are, however, not included in the code.)

The three previous machines were blnary machines too,
Wwhlch also made use of the inverse system to represent
negatlve numbers. A strong argument In favour of the in-
verse system was the exisience of the logical orders,
ef [4] . The advantages and disadvantages of the binary
number system have been discussed too often and too ex-
tensively to go into the 8ubject any further here, cf
[3],[6]. The disadvantages are confined to communication
with the outside world - used to decimals! - and we there-
fore mention the measures taken to meet this difficulty.
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sast multiplications by 10 (see 2.6.5) are included
in the code as the time factor can play a role In au-
tomatic communication, e.g. when punched cards are used.

To enable the operator to Introduce decimal numbers
into the machine manually, the console holds, amongst
others, the decimal keys of the keyboard (see 2.7.4,
2.8, 4.4). Furthermore, it is possible to type out the
contents of an arbltrary storage locatlon by uslng a
single key autostart (see 4.3). %

Operations for floating point arithmetic have dellbe-
rately been excluded from the order code. Thelr inclu-
slon seemed to be inconsistent with the required "gene-
rality"” in two respects: in the flrst place because the
clerical user is seldom interested in floating point a-
rithmetic, in the second place because 1t was not clear,
to us at any rate (cf [1] ), how bullt in operations for
single length floating point arithmetic could profitably
pe used in programmlng arithmetic operations on floating
point numbers of greater length.

However, :..ormalize orders have been included, primarily
to facilltate the programming of floating point arithmetlc.

3.3 The word length

In order to make the X1 gufficiently fast 1t has been
provided with a ferrite core memory, and all transports
and additions are performed in parallel. In consequence,
the costs per arithmetlc unit and per storage locatlon
are nearly proportional to the word length. Thus there
are numerous arguments of an economle nature which do not
encourage the cholce of a long word length. On the other
hand, there are strong objeetions to too short a word
length: one then has to resort to multi-length techniques
too often,

LY

It 1s difficult, however, to draw a definite concluslon
about the ideal word length of a general machine from con-
siderations of the slze or requlired accuracy of the num-
bers the machine will have to handle. For example, one
*) In my oplnion the most important of the two forms of
"incidental" communication Just mentioned 1s the input of
numbers and not the output: T have seen many programs de-
bugged at the machine by inspection of the binary words,
without a single intermedlate result being typed out.
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can obviously not support the statement that a word of
26 bits 18 too short for most calculations, while a
length of 27 bits would be sufficlent!

(The only positive conclusion I can draw from these
observatione is the following: the order code of a
sclentific machine should at any rate be sultable for
efflclent programming of multi-length operatlions, be-
cause a word length which would diminish the need for
them sufficiently is absurd.)

Apart from numbers, the memory has to store instruc-
tions. When one tries to find a word length ideal for
this purpose, one can come to a more definite conelu-
8ion. In the early stages 1t had already been declded
that the memory should hold 215 words at most, each of
them being at the immediate dilsposal of all orders: 15
bits are therefore reserved for the address part of the
order, The function part gradually grew to 12 bits; the
worth length then grew to be 27 bits, i.e. the minimum
number of bits necessary to accomodate both function
and address,

Longer addresses bring with them arguments in favour
of longer functlon parts. A shorter function - l.es a
less powerful code - results in longer programs, which
contaln more orders with addresses that are, In conse-
quence, less Interesting (viz. repetitions of addresses,
addresses of jumps, more references to working space by
means of addresses that are, 1in themselves, unimportant,
etec.). The longer the address part, the larger the num-
ber of bits spoilt by an excess of addresses,

A function part that is too long, however, is harmful
iIn two respects. The code then provides so many facili-
ties that many of them will often remain unused; the re-
dundancy brings with it an unnecegsarlly large number of
bits for the function., Also, excessive flex1bllity makes
8 code too difficult to handle. There are then so many
possible functions that the programmer no longer knows
them all Individually, but views them as conslsting of
different constituent parts. The number of "constituent
parts", i.e. the various aspects of a whole operation,
should not be so large as to be confusing. What we under-
stand by "confusingly large" does not only depend on the
expected intelligence of the future programmers, 1t also
depends on the way in which whole operations can be subdi-
vided. The role of each constituent part should be well de-
fined and independent of the others as far ag possible;
furthermore the order notation should be such that the
various aspects of each order can be clearly shown on the
program sheets.
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Obviously the above arguments are all purely qualitative
and they did not compel us to decide upon a function part
of 12 bits; there are 6 for the main function and 6 for
the variants. The latter do not speclify six inaependent
variants, instead they speclfy only three variants, each
using two bits. Thils was done intentionally, to avold con-
fusion. We were able to define the maln functions and va-
riants in such a way that the number of meaningless combi-
nations remained small enough to be acceptable. The X1 order
code 1s not an easy one to use to full advantage, due to its
high degree of flexlibility. For this reason the notatlon
for the main function, and particularly that for the va-
riants, was chosen with the utmost care.

In one respect the above considerations about the word
length are more or less obsolete: they date from a time
when i1t was not sure that the dead memory could be con-
gtructed at relatively low cost. As soon as a conslder-
able portion of the orders required for a program are Tre-
corded in the dead memory, l.e. in a less expensive medium,
the motives for choosing the word length exactly equal to
the order length, and not one or two bits longer, become
considerably weaker. The arguments are further weakened
because another method of reducing the number of order
blts has not been investigated extensively: less address
bits would siffice if one 1s willing to sacrifice the fa-
cility that every possible storage location 18 at the 1m-
mediate disposal of every order.

Finally, one should realize that the need for a long
word length - often only a supposed one! - 1s felt almost
exclusively by the scientific user; in his dreams he 1s
inclined to be rather demanding in this respect. Nor will
his consclence deter him, as this 1s a form of redundancy
that will never inconvenience him. On the contrary, 1t can
only make things easier for him and considerations of price
seldom enter into day-dreams!

3.4 The condition

Tn the code of EDSAC 1 (ef [7] ) - quoted as a classical

example - the conditional jump orders react to the sign

of the (only) accumulator; in one of the conditional orders
the jump is executed 1f the number in the accumulator 1s
positive, otherwise 1t 1s skipped, in the other the lnverse
reactions take place. An extenslon of this system to a two-
or three-register machine would imply an increase in the
number of jump orders in the code, viz. a pair for each
register.
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The same number of jump orders, however, will suffice,
1f a specilal so-called conditlon register of one bit is
introduced. The reactlon to a sign diglt then takes
place in two stages: in the first stage the sign digit
is copled into the condition reglster (condition—setting),
in the second stage conditional orders are executed or
skipped depending on the current content of the condition
reglster (condition reaction).

One of the advantages of thls arrangement 1is that con-
dltlon-setting need not be restricted to the copylng of
a slgn diglt, but may take place according to other cri-
teria. The X1 computer - being a three-reglster machine -
ls equlpped wlth a condition which can be set according
to one of three criteria, the sign test, the zero test,
and the test for equality of signs (see 2.4.3).

Once the whole process of condltional execution 1is
8plit into two stages, one must declde where the possi-
bllity of inversion 18 to be included. An inversion
posslbility In both stages - although loglcally per-
misgible - would be superfluous, no inversion possibli-
lity glves rise to less efficlent programs.

One method is to have the possibility of inversion

in the condltlon-setting (there are then two different
sign tests in which the sign diglt, or 1ts inverse, is
copled into the condition register) while conditional
orders react uniquely to the condition. Alternatively,
no possibility of inversion is incorporated in the con-
dition-setting (in the case of the sign test the sign
diglt, and not 1ts Iinverse, may always be copled Into
the condlition register), and two kinds of conditional
orders are included in the code.

As long as all conditional orders of a code are Jumps,
1t does not matter very much to the programmer in which
of the two stages one incorporates the possibllity of
Inversion. As soon as every order can be conditlonal,
however, 1t 1s definitely preferable to Include the
possibility of inversion In the condition reaction.

Indeed, 1f every order can be made condltional, the
machine can, dependent on the condition, skip a number
of orders wlthout a conditional Jump being used. However,
one often wishes to execute elther "operation A" or "ope-
ration B", as indicated by the condition: thls can also
be done without using Jjump orders 1f the inversion possi-
bllity 18 included In the reaction to the condition. Con-
dition-setting 1s then followed by the orders for opera-
tions A and B and, depending on the condition, the orders
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of elther operation A or operatlion B are executed,
while the other set 1s sklpped.

This decrease in jJump orders considerably shortens
many programs. One should bear in mind that the gain
in space may be accompanied by a loss in speed: if a
large number of orders 1s to be skipped conslderations
of time may make it worth while to use a conditional
Jump; this 1s definltely not the case i1f the orders
concerned are only to be skipped in exceptional cases!

The U-version is grouped under the variant of the
condition reaction. This variant 1s descrlbed by two
bits in the functlon part, and the U-version glves a
worthy meaning to the fourth possible combination. It
1s pointless tc use an order with "undisturbed desti-
nation" unless the result 1s used to set the conditlon.
The supposition that conditional condition-setting 1s
such a complicated operation, that the need for it will
be negligible, reconciled us to the fact that the U-
version on the one hand, is incompatible with the ¥-
or N-version on the other. To be honest we should men-
tion that the ingenuity of some programmers, at least,
was underestimated by thls supposition.

In the U-veraion jump orders are conditicnal to the
overflow indication (see 2.4.2). Sometimes the absence
of an inversion possibility "costs" an extra order,it
13 true, but the considerable gailn that results from
the facllity of overflow detection at all 1s fully at-
tained. At the moment of writing no programmer has, to
my knowledge, felt the incompatiblility of the U-version
and the normal reactlon to the conditlon as a restric-
tion in the case of Jump orders.

It is possible to execute a number of ordlnary orders
between the condltion-setting and the subsequent con-
dition reaction, thanks to the separate condlitlion regls-
ter (and the possibillty for orders to leave the condl-
tion unaffected): in other words, the condition register
is really a memory element that leaves the arithmetic
registers available for other Information. Conditional
reaction of an order to the sign of a reglster may actu-
ally amount to using a whole arlthmetle reglster to store
one bit!

Two bits in the function part describe the varlant of
condition-setting; the four possible combinations Indl-
cate "leave condition unaltered", and "set condltlon
according to P, Z or E", The problem of incompatiblllty
does not arise here. Once the inversion possibility is
excluded from the condition-setting, 1t must be declded
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in which form the questions will be asked, e.g. in
;he zero test, shall we ask "Result = 0?" or "Result
o

When only one criterium is applied for condition-
setting, 1t does not matter how this question is for-
mulated: inversion of the question then only amounts
to interchanging Yes- and No-conditionality (two sym-
metrical possibilities of reaction!). Since the X1
has three criteria one must ask oneself - for the appli-
catlon of the second and third eriterium - whether there
are reasons for preferring one question to the other
(1ts inverse).

As soon as the programmer thinks of condltion-setting
as recording the answer to a question, it is preferable
to formulate those gquestions in theilr most natural form,
l.e. without negation. Hence, in the Z-version, one asks
whether there is equality to zerc, in the E-version,
whether there 1s equalify of signs. A second argument
In favour of these cholces is related to the preference
of the X1 for -0.

A test which is often used is the slpgn test as applied
to a result that can only be > 0 or = —0. Here the P-
version sets the condition inversely to the Z-version!
This possibility may be of lmportance when the setting
of the condition for a certain condition reaction in the
program can take place at more than one point.

The use of the E-version is not restricted to comparl-
son of the (unknown) signs of two numbers. Thus one can
make use of the fact that with "last sign negative" the
E-version sets the condition inversely to the P-version.
One can even use the E-verslon to let an order ask, elther
whether the result 1s positive, or whether the result is
negative, by letting the order be executed (intentionallyl)
with last sign positive or negative respectively,

In illustration we discuss a section of the tape read
program. In reading the symbols that speclfy an order,
the tape read program must detect whether the address 1is
followed by "A, B or C" and/or "P, Z or £"; if so, the
function part under construction must be sultably modi-
fied and a new pentad must be read.

A detalled description of the operations to take place
1s given in the flow diagram below. We use the convention
that a block 1s entered at the top and is left at the
bottom, If a question occurs in a block, we leave it on
the right hand side 1f the answer 1s "Yes", on the left
hand side if the answer is "No".
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In explanation: the letters P, 7 and E correspond to

¢ = 16, 17 and 18 respectively; the letters A, B and C
correspond to ¢ = 13, 14 and 15 respectlvely. The func-
tion part is bullt up In the word denoted by b; In this
1

1
read pentad = c¢
c >18?
e
c >152
P,Z or E
1
¢ >122 b + (c-15)217 =5 b
A,B or C
I b + (¢-12)2"9= 1
L

word the pair of bilts descrlbing A, B or C are to be
stored on the immedlate left of the pair of bits de-
geribing P, Z or E.

' ] For the purposes of clarl-
(8).219 = (A) ty we make use of a flow dia-
b+ (A)=D gram to describe the procedure

{n the X1 program. Where rele-
vant the content of the last
read pentad =c gsign reglster is shown by +
c = (A) or -. The question about equa-
[A] - 18502 ity of signs is indicated by
= = "E?". ?gnditional exgcutégn is
7 explicitly shown by dividing
{'g] ~ A5=4] 3 B2 the block in two by a vertical
line.
+|P,Z2 or E -
5 (N.B. To appreclate the com-
(8).27°= (&) pactness of this plece of pro-

gram, one should realize that
+| -|+ & single order corresponds to
[ | [A] + 3= [A]; E?| every line in the diagram, in
+

contrast to the previous dla-

+A,B or C gram; furthermore no Jumps were
shown there.)
Jump ‘ J
] T The sectlon described here

is to be found 1n the tape read
program at the addresses 14 D12
to 22 D12 (see Appendix 4).
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It 1s not the ordinary use of the E-version that is
shown by the above example! On the contrary, it illus-
trates its hidden possibilities; they become apparent
vhen 1t ie used In an unconvential way.

Neither condition-setting, nor condition reaction
cost extra time. This sometimes makes 1t possible to
speed up a program without Iincluding extra orders, for
Instance by sklpping the addition of a new term to a
partiﬁl sum, when the new term happens to be = 0 (see
3.9.%).

Finally: with the exception of the countlng jump, no
order reacts conditionally to its own result. It is for
example not possible to subtract, by means of one order,
a certaln quantity from the contents of a reglster only
1f the result 1s positive. Similarly, orders that operate
on the absolute value of numbers are not included in the
code.,

Cperations on the absolute values of numbers must be
executed with the aid of the condition; for example
—assuming that y = (2 X1)-:

! an! 2! 1 X1 1P ys(A)y +02 total function:
N {5P) 1 1 AAl L ! if not: -(A)= (A) ly] = (&)

and

EU EAE 25 EX1 EP; 408 total function:
Y O|OA, 2, X1, | Af sor (A) + yo (8) (8) + |y|= (8)
' 1 | 1 1

W olMav 20 xal 1 AP nota(A) - yoo(a)

3.5 The subroutine jump

The index m that follows the address of a subroutine
Jump can have a value from O to 15 inclusive (see 2.3).
The programmer can use the subroutine Jumps with mg¢ 8
freely; those with m3> g are reserved for the effectua-
tion of the interruptions (see 2.7.3).

This makes it possible for the main program to call in
a subroutine, which in its turn calls in a subroutine,
which in 1ts turn calls 1n a subroutine, ete. until the
ninth subroutine has been called 1in.

It 1s convention to choose m = 0 for those subroutines
that do not call in another subroutine; for subroutines
that call 1n a sub-subreoutine with at most m = 0, the m
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is chosen = 1, etc. All this applies to subroutines
that call in other known subroutines. However, as

soon as a subroutine calls in an "arbitrary" subrou-
tine (as in the case of a standard integratlion sub-
routine which calculates the Iintegrand with the aid

of a specilal subroutine) this 1s no longer possible.
In such cases it is always safe to call in the outer
subroutine with m = 0; the latter starts off by trans-
ferring (8g) to a location in its own working space.
The restriction that the index m can "only" take on
nine different values can be circumvented by the same
technique. (If need be a single value of m, e.g. m = O,
would suffice; transferring (sg) would then be rule
and not exception. We will encounter something of this
nature in the communication subroutines to be dealt
with later; they restrlct themselves to the use of
844. The reason for this 1s the same as that for which
they do not use counting Jjumps (see 3.6).)

A1l this 1s only possible thanks to the fact that
subroutine jumps write their 1link in the ordinarlly ac
cessible address 8 + m. A further possible applica-
tlon 1s the technique of "program parameters”, as de-
veloped for EDSAC 1, cf [7] . Here one or more para-
meters, giving further specificatlions of the functlon
of the subroutine, are placed in the storage locatlons
immediately following the subroutine Jjump; on comple-
tion the control (usually) returns to the address that
follows the last parameter. As these parameters will
be read by B-corrected orders, the subroutine first
places (sm) in the B-reglsgter; 1t 1s for thls reason
that the bit d4s 1s = O in sp (see 2.7.2). When (sm)
1s transferred go the B-reglster, d4s 1s copled into
the sign diglt of B (see 2.%.2).

The subroutine jump to the subroutine and the Jjump
at the end of the subroutine (with the non-absolute
address 8 + m) to return control to the main program
are. as a rule, the only two extra orders to be execu-
ted in comparison to an open subroutine. They each re-
quire 64 ps. The fact that calling in a subroutine
needs only one order In the main program (leaving the
contents of the arithmetlc reglsters intact) is also
attractive as far as program space 1s concerned; as a
result 1t 1s worth considering programming even rather
gimple operations as subroutlnes. This 1s one of the
ways in which the speed of the machine, and even more
the efficiency of the code, compensates for the prilce
of the memory.

The fact that orders to "plant the 1link" are not ne-
cessary on entering the subroutine, facillitates the
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making of compact, fast and flexible subroutlnes even
further. (The same advantage can be found in machines
with less refined subroutine Jumps but more B-regls-
ters.) It 1s then possible to make subroutines with
different poilnts of entry elegantly.

Much space can often be saved by combining subrou-
tines that perform practically the same operation -
In slightly different versions - into one single sub-
routine in such a way that the different versions are
dlstingulshed from each other by different points of
entry. In the simplest case one version can be derived
from ancther by omitting a number of orders at the be-
ginning: one then Jumps to the first order to be exe-
cuted by means of a subroutine jump (with the same m).

A simple example of a subroutine with more than one
point of entry 1s the computation of the sine or the
coslne. The cosine subroutine begins by increasing the
argument by Zm, after which the sine of the sum thus
formed 1s calculated. The entrance for the calculation
of the sine 1s such that the addition of 3w is omitted,
so that the sine of the glven argument 1s computed.

3.6 The counting Jjump

Counting Jumps are desligned especlally for loops that
mugt be passed through a certain number of times. As
they are not used in the communication programs to be
dealt with later, we 1llustrate the way to use them by
a few examples.

The communication programs to be dealt with later are
executed at moments that are not exactly known in the
main program (see e.g. 4.5). As a result the communica-
tion programs and the main program may not have working
space In common: the information that the maln program
would like to store in such an address is then under
permanent danger of being destroyed by the communication
program. In order that all counting Jumps may be at the
dlsposal of the main program, they are not used in the
communication program; the communication programsg in
question naturally make use of (sqq) - due to the inter-
ruption of class 6 - but further restrict themselves to
subroutine jumps with m = 1%, so that the programmer of
the main program is not denied the use of more subrou-
tine Jumps.

In the counting jump the execution of the jump may de-
pend on the new value of (rp). In order to avoid confusion
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with the ordinary condition in flow diagrams thils
dependence 1is indicated by one of the letters P,

7 or E without the question mark, and the control
leaves the block at the side in case of the execu-
tlon of the jump, otherwise 1t leaves it at the
bottom.

For instance, if the process A has to be executed
n times, the flow dlagram would roughly take the
following form: +

n=x (I'm)
(and other preparation)

[
—

process A
Eexecuted n times)
rm) - 1=>(rm), P

!

This diagram only applles to the case ny1. Parti-
cularly in the case where the number n 1s a prevlous-
ly computed quantity, i1t often happens that the minl-
mum value of n 1s = 0, Here we can use the last ecri-
terium E ("Extra Jump") for the counting jump and
save a separate test for detectlon of n =0 or the
formation of n + 1. L

n = (rm)
(and other preparation)

—

process A (n times)

=

(ry) - 1= (rn),E

Tt often happens that a loop has to be passed through
n - " times, i.e. one part (process A) must be done
n times, the other part (process B) only n - 1 times.

This 1s shown in the following flow diagram.
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4

n = (ry), ete

L__ process B (n-1 times)

process A (n times)
(rm) -1 ==>(I'm)aP

T
The same process can be accomplished by making use
of a counting Jjump in the Z-version:

¥
n=>(rp), ete

]
ml

process A (n times)
(I‘m) -1 =-‘—}'(rm):z

|
L_ process B (n-1 times) _1

T

In the previous diagram the counting Jump functions
as the inverse of the counting Jump 1n the latter. The
first diagram 1is to be preferred, because there the
inconditional Jump 18 not inecluded in the loop itselr,
this In contrast to the second arrangement. Of course
this consideration of time 1is only important for small
loops that must be passed through frequently: neverthe-
less one should make 1t a habit to test - even in the
case of longer loops - "whether the loop must be passed
through again". In this way programs become more homo-
génecus and the probabllity of errors thus decreases.

A "pure" application of the counting Jump in the Z-
version is gilven 1in the next example. We are asked to

place a sequence of numbers ag (k = 1,2,3,... ) i the
S-register, omitting, however, aj-
| . i
J = (rp) k + 1= k; ap = (8)
O k (I‘m) - 1= 1"'m).vz
} ' !

Preparation Selection of the next a,
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Being additive out-instructions, counting jumps
always require 76 us, in other words they belong
to the group of rather time conauming operations;
as they do not use the reglsters A, 5 or B, however,
they can be partlcularly useful,

3.7 Address modification

The field of appllcation of the A-version gsee
2.4.1) 1is restricted to integers less than 215 1n
absolute value. The A-versilon 1s applied mainly in
"administrative" sectlons of programs, for Instance
in the manipulation of addresses, address increments
and decrements; 1t can also be used to great advan-
tage in more general 'red tape operations" (counting
etc), because, as a rule, only small integers are
involved here.

The gain in space and time due to the A-version has
already been mentioned (see 2.4.1), Finally, it makes
things more convenient for the programmer, for there
is no need to reserve a storage location for this con-
stant, or to refer to 1t with the aild of an - arbl-
trary - address. Instead he can write the constant in
the order straight away.

The A-version is incompatible wilth B- or C-correctlon;
this 1s not due to a logical necesslty but to conside-
rations of economy (for the similar case U versus Y and
N, see 3.4%). If the absolute version were compatible
with B-correction, the significance of the B-register
as arithmetic reglster would have increased consider-
ably (so much so that 1t would have been worth consider-
ing extending the length of the B-register to full word
capacity). For then it would be possible to let (],
increased by a constant that 1s glven by the address
bits, function as the operand in each order: one could,
for example, multiply (S) by (B)!

The function of the B-correction 1s well known: an
order to be executed with a variable address remains in
the memory without the address being altered, while the
contents of B are added before its execution.

The C-correctlon was suggested Dby technical conside-
ratlons similar to those leading to the additive out-
order. (The fact that C-correction cannot be applied
to or%ers in the dead memory ls an analogous restrice-
tion.
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When a program loop operates on a sequence of num-
bers stored in the memory, both B- and C-correction
can be applied. If B-correction is used, the contents
of B are modified every time the control passes through
the loop. If a test applied to the contents of B can
then answer the questlon whether cne must remaln in
the loop, B-correction often results in a slightly
faster program than C-correction.

For program loops operating on more than one sequence
of numbers, C-correctlon may give rise to a faster pro-
gram, particularly in cases where every sequence has
1ts own spacing, or where, for instance, the program
in passing through the loop, does not necessarily use
the next number from each sequence. (To program this
Wlth B-correction one would like to have as many B-
reglsters as there are sequences to be processed; in
C-correction the addresses, whilch vary Independently,
are recorded In the C-corrected orders.)

The C-correction modifies orders stored in the memory :;
the programmer 1s therefore obliged to see to 1t that
the cycle 1s preceded by sultable preparation, in which
the orders In question are set to their initial values;
for B-correctlon the preparation is usually considerably
simpler,

3.8 shift orders

In the early stages of the design 1t was decided not
to Include shift orders 1In the code. There were two
reasons for this: in the first place there 1s less need
for shift orders in a code that already Iincludes colla-
tlon than In one that does not - as in the case of our
earller machines -, in the second place shifting in a
parallel machine 18 not an attractive operation, and
certalnly not a fast one. Where logical operations did
not glve the solution, multiplication and/or division
would have to do so.

Further investigation, however, showed that this argu-
ment did not hold. Besides the fact that shifts had to
be simulated by multiplication or division more often
than was expected, such slmulation usually lead to slow
and cumbersome programs. This had various causes,

Firstly, multiplication and division use both the
reglsters A and S, and they use them differentl ; this
resulted in numerous transports: to preserve contents
of registers In the memory, and to transfer them to the
reglster where multiplicaticn or division would need them,
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Secondly - 1n contrast to addition, subtraction and
loglcal operations - multiplication and division are
the very operations In which sign digits play a spe-
clal role. Thirdly, it turned out that two multlpli-
cations or divisions were often needed per slimulatlon,
viz. where numbers of double length had to be shifted.

Fortunately, renewed investigations of the technical
possibilitles resulted in a comparitively inexpensive
method of effecting shifts twilce as fast as origilnally
concelved,

The shift orders included in the code are basically
those whilch already occur In the code of the ARMAC
(the most recent of the three earlier machines, cf
2]); the facility of shifting to the left 1s added.
They are of such a varied nature that I cannot glve
an account of all the possible applicatlons. Some re-
marks will have to suffice.

The cirecult AS (the sign diglt of S belng excludedg
1s specially designed to handle the (sign consistent
double length number (AS) as 1t occurs In multiplica-
tion and dlvisilon. As the clear shift has a more pre-
cise arithmetic meaning than the round shift, the lat-
ter wlll probably be applied less frequently to the
circult AS than the former; 1£ is not lmprobable that
the reverse holds for the circuit SA, which does not
have a precise arithmetic meaning.

Despite the many possibilities of the shift orders
we are justifled 1n retalning loglcal orders in the
code. They are conslderably faster and they can further-
more be executed with "Undisturbed Destination".

3.9 Some examples

3.9.1 A "step by step reduction to zero"

An integer d £ -0 1is stored in the memory. Thils must
be reduced to zero 1in steps, more preclisely, it must
be reduced to zero by additlon of integers 1n as few
steps as possible; 1in our example the maximum value of
the constant ¢ to be added 1s ¢ = 8. 4 certaln process
must be carried out at every step; the process 1s de-
pendent on the length of the step, and 1t is desirable
fhat this length be stored in the B-register. The pro-
cess itself will not disturb the contents of B. To start
off with B contalns the silze of the maximum step.
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More precisely:
as long as d + ¥B]( 0, the addition 4@ + [B] = d must
be executed and [B] remains unaltered;
when d + [B] > O, the substitution -d = [B] must first
be made, as this 1s the distance that separates d. from
zero; when d = -0, there must be some indication that
the process 1s complete.

The problem 18 encountered in the subroutine for the
conversion from decimal floating to binary floating re-
presentation, The solution consists of only three or-
ders, which can be found in the communication program
at addresses 28 to 30 D4 (see Appendix %4). We describe
1t by means of a flow dlagram.

1
process dependent *
on [B] 8 = [8]
i ]
[B] +d > 0°?

i
L l -d = [B] = 0? J
— I

d + [B]::*;-d
R }

3.9.2 Determinatlion of the smallest factor

As next example we glve a program that determines
the smallest factor (>1) of a given odd number
[0 X1] » 3, and places that factor in the S-register.
The program starts at address O FRO and uses the
address 1 X1 as working space.

0 2B 2 A
1 2A 3 A !
2 64 1 X1 '
8-> 3 34 0 A 1
i 38 0 X1 ;
5 oD A X1 e
6 N |48 4 X1 !
7IN|0s 1 X1 P,



8|N|2T 3 F RO |A L
9 25 1 X EE
10|lY|2s © X1 !
11 I

In the above program the number [0 X1] 1s divided by
3,5,7,9,... ete, each test taking 776 mps. The process
can end in one of two ways: viz, when a factor has been
found, or when the number turns out to be prime: when
the cycle 18 left these two cases are distingulshed
from each other by a negative and positive last slgn
respectively.

3.9.3 Punching a binary word

It is required to punch out the contents of S in binary
form. By convention a word of 27 blts 1s supplemented by
three bits on the most significant side; from left to
right they are a 1, & O and a parity bit u. The parity blt
u is = 1 when (S) contains an even number of ones, other-
wise u 1s = 0. The 30 bits thus defined must be punched
in six pentads from left to right as shown below:

(s) ’

10U, . vvvee eeeee  beene deeee aeees
A )L R T SN R | 1L 3 1 1
st

nd Brd 4th 5th 6th

The program is shown here in the form of a flow dlagram;
the program itself can be found at addresses 4 to 14 DAk,
(see Appendix %) (The subroutine Jump at address 11 D1l
gees to the synchronization of the punching mechanism and
the X1; as 1t 1s of no arlthmetic importance whatsoever,
1t 1s left out of the flow diagram.)

pentad

1 2

Tt was desirable that the program should not make use
of counting jumps and should not use the B-register., Be-
gides 1illustrating the use of the condition, thls program
shows the use of shift orders: round shifts are indicated

1" n

by ).
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i

(27.16 - 10 =)422 = [a]

after 1Stpentad
after Gthpentad

|
| "36)" > (s)s+07 ]
I 1
I [A] v3 ﬂ[ﬁ} cycle for
| : forming the
[A] - 16= [A] > 0% l parity bit
I |
Jump order
i TS
-4 sets condition
"2 (SA)":‘:’(SA)}"'O? affirmative
dET 7.
"2I(AS)"=> (AS) E? g
punch five bits of (A) £
- —Tarter 274. §,~§
+ 5th pentad L8
—2=>[a] E? | | 2 x
’ _‘—l va
Jump order 02
SR
e

3.9.4 Forming

a scalar product

With the proviso, that no overflow occurs, the scalar

product

n
k;l Bie P

1s calculated in the following flow diagram.
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(S)=$EA;
ak#
(8) + ()b =>(4); (8)=07

| _
‘ |

w+ (A)=w

kK -1= k » 07

l l

jump order J
l I

The scalar product 1s delivered in two words: the
most significant half in the working space w, the least
significant half In the S-reglster. The halves need not
have the same slgn!

The fact that the least slgnificant half of the partial
sum 1s placed in the A-reglster by means of a reglster
transport, and is then added during the additive multl-
plication, 1s not only of importance when a, and b are
integers; 1f they are (rounded) fractlons, Kome re%iable
diglts still appear in S after every multiplicatlon; the
gain in precision thus achieved may be of great slgnifi-
cance, particularly Iin cases where n 1s large.

The addltlon of the most signilficant half to w (by
means of an additive out order) 1s sklpped when (&) = O.
The executlon of the addltion requires 76 ps, skipping
it 32 ys. There can therefore only be a small galn in
time, but it costs no time at all!

If the elements of both vectors are stored 1in consecu-
tive locatlons, reference may be made to the numbers a
and by with B-correctlon, provided the index k 1s storfd
in the B-register. In that case a passage through the
cycle takes 756 ws (or 712 ps 1f the additive ouborder
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is skipped, i.e. a possible galn of 6%).

From this example it 1s clear that parallel processing
of two vectors 1s faster 1f the locations of the vector
elements are equally spaced. If we are not free to choose
a storage allocation of numbers suitable for thls purpose,
the process can sometimes (and with some luck!) be rearranged
so that the sequences to be processed are still equally
spaced. The following example 1s an illustration.

The elements ajq 4 (0€1,J<n) of an nxn matrix are stored
rowwlse in the memory with fixed spacing in both rows and
columns, e.g.

ayy = (¢ +ni + 3) .

If one has to franspose thls matrix, one can construct
thls process by Interchanging the elements of equally
spaced sequences, viz, sequences of elements a;; with a
constant difference 1n indices 1i-J. The spaclng” in-these
sequences 1ls the sum of the row and column spaclng of the
original matrix. (This problem only has a point if the ma-
trix is not symmetrical; if 1t has to be symmetrical, one
can apply the same trick %o check 1lts symmetry.)
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4 COMMUNICATION PROGRAMS

4.4 The tape read program as independent program

4 1.1 General survey of the functions of the tape read
program

Information to be introduced into the machine can be
punched on paper tape in a sultable code. For orders this
code is the order notatlon described previously {see 2.5
and 2.6).

A1l symbols used in the code can be found on the key-
board of the X1 tape punch, The symbols that appear on
the keys are tabulated below: there are two symbols on
nearly every key. In the table the secondary symbol is
written to the right of the main symbol. The latter runs
from O to 31 and is equal to the numerical value of the
pentad punched on the tape.

0 0 8 16 P 24 8
1 I 9 1g Z 25 T
2 J 10 . 18 E 26 W
E a 11 + 19 F 25 U

M 12 - 20 H 28 Y
5 Q 13 A 21 K 29 N
6 V 14 B 22 L 30 D
7 15 ¢ 23 R 31 X

When the punched tape 1s Inserted into the photo-elec-
tric tape reader it can be read by the tape read program.
The latter has an important "translating" function. For:
the programmer has wrltten the orders in a code that is
convenient to him, next the orders are punched directly
from hils program sheets and thereafter 1t is left to the
tape read program to construct the internal blnary repre-
sentation of the orders from the symbols on the tape l.e.
from the pentads. Furthermore, when the tape 1s uged for
the input of numbers (punched in decimals!) the tape read
program must perform the converslon from decimal to blna-
ry number system. We call all such operations "agsembling",
by which term 1s meant all computation,in the widest sense
of the word, that the X1 must perform to construct binary
vwords from groups of symbols that specify the words accord-
ing to some code.

Apart from "assembling" pentads into words, the tape
read program 13 able to process these words. There are
two forms of processing, viz. "writing" and "checking".
When the processing cycle "writes", all constructed words
are written in the proper locations 1in the memory; at thls



-63-

stage the actual input of information into the memory
takes place. When the processing cycle "checks", each
word delivered by the assemblage 1s compared with the
contents of the corresponding storage location; in the
cage of a discrepancy the machine stops. Thils gives cne
of the methods of checking the input of data; other ap-
plications of tape reading in the checking mode will be
mentloned later.

Other pentad combinations besides groups from which
blnary words are assembled, occur on the tape, viz.
the so-called directives. They glve further specitica-
tions about one of the operations (assembling or pro-
cessing) of the tape read program; as a result there
are two main groups of directives.

The first group glves further specifications about
the assemblage. In this group we have the so-called
type-indications, which specify according to which
rules assemblage must take place. Two different "types"
are, for example, orders and numbers. The type-indica-
tion therefore actually indicates the language (code)
In whilch - until further notice - input data are punch-
ed on the tape.

The second group of directives has a bearing on the
processing cycle of the tape read program. The most
important directives belonging to this group are the
address-indication and the change of mode.

The address-indication shows in which storage loca-
tlon the next assembled word 1s tec be stored. {This
applies to the writing mode, In the checking mode the
address-indication specifles the storage locatlon of
which the contents are to be compared with the next as-
sembled word.) Unless otherwise indicated - e.g. by a
new address-indlcation - consecutive words from the
tape refer to consecutive locations in the memory.
Thus, if one wishes to f111 a number of consecutive
addresses with iInformation - as is usually the case -
one only needs to specilfy the destination of the firs
word of the sequence explicitly.

In the description of the address notation given pre-
viously (see 2.5.1), we mentioned how the addresses are
nunbered with respect to the beginning of the paragraphs.
In the building up of addresses these reference points
(1.e. the beginning of the paragraphs) are used as ad-
ditive parameters; before thils can take place, however,
the value of these parameters must have been given to
the machine. This 1s done with the aid of special direc-
tives, the so-called "paragraph definitions"; together
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they form the so-called "initials" whieh can always
be found at the beginning of the tape.

One can deduce from the previous sectlons that an
active tape read program thus far keeps record of
five forms of information:

1) the (current) type indlcatlon

2y the value of the (specified) parameters

3) the transport address, l.e. the address of the
storage locatlon for the next word to be assembled
from the tape. (As successive words from the tape
generally refer to consecutive storage locatlons,
the transport address 1s increased by one after a
word has been processed.)

1) whether the processing cyele is engaged in wrlting
or in checking

5) the last initial paragraph letter that was expllcit-
1y mentloned (this first paragraph letter is the
letter that may be omitted as long as it does not
change (see 2.5.1): the X1 must then know which filrst
paragraph letter has been omlitted).

Finally we mention that (possible) extra pentads X at
the beginning of units of information (directives, or-
ders, numbers, etc) are skipped D the tape read pro-
gram. The X (numerical value = 371 corresponds to the
pentad in which all the holes are used, and can function
as "Erase". This makes 1t possible for a person who 1is
punching to correct mistakes noticed while punching im-
mediately; beginning at the first pentad of the incor-
rect Informatlon unit he punches X's over all the punch-
ed pentads of the unit and punches it over again.

4 1,2 1Initlals

We can sum up what has been aald previously (see 2.5.1)
as follows. With a view to the address notation the me-
mory is divided into paragraphs (each with a maximum of
17 consecutive pages of 32 words ). Each paragraph is de-
noted by two paragraph letters; paragraphs with the same
initial letter together form a chapter.

The programmer is left free to choose the polnts at
which new paragraphs begin., It 1s wise to choose mul-
tiples of 32 for the first lines of paragraphs; by doing
so one makes the flve least gignificant binary dlgits of
the address equal to the line number. For longer paragraphs
the choice of a multiple of a hilgher power of two as start
address 1s recommended where possible; this cholce makes
checking at the machine easler.
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The start address of a paragraph 1s glven to the
machine by means of a special directive, the so-
called paragraph definition. This consists of:

1; the letters DP, followed by

2) the paragraph letters which are to be given a new
value (both letters must mentloned), followed by

3) the new value, 1n address form (l.e. line number,
paragraph letter(s) and page number). Here one may
only make use of those paragraph letters for which
a paragraph definition has prevliously been given
to the machine. In the address of the first para-
graph definition on the tape the letter X (or D)
will therefore be used.

The division of the memory Into paragraphs has been
Introduced in order to meet the needs of the program-
mer. In practice only very simple programs are con-
celved as a whole and written down order by order from
beginning to end. Very soon 1t 1s found more convenlent
to aplit up a computation into sectlons, each having a
separate function which can be isolated to a greater or
lesser extent from that of the other sections. It 1is
very Important to choose these sections with care: the
more clearly isolated the function of these sections
the clearer the arrangement of the program.

Normally one allocates a separate paragraph to each
sectlon and suppllies each paragraph with 1ts own letters.
These different letters make the program easier to read,
furthermore they make it possible for one to start pro-
gramming one paragraph whille one or more of the others
18 incomplete. One does not know how much memory space
an incomplete one wlll requlre; however, as the starting
points of paragraphs may be chosen at will one can de-
lay the cholce until they are all complete. One then
knows their length and can subdivide the memory as seems
best.

Which paragraphs one groups under one chapter 1s suggest-
ed only by the loglcal connectlon between the paragraphs;
it 1s quite Independent of their final position in the me-
mory. In contrast to the pages of one paragraph, paragraphs
of one chapter need not be consecutively placed in the me-
mory.

The paragraph definitions which determine the subdivi-
8lon of the memory for each program are referred to as
the general initlals. When the tape bearing this informa-
tion has been read by the machine, the starting points of
the paragraphs have been fixed and the rest of the tape can
be read.
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A second application of the facility to vary the
arrangement of paragraphs is the way in which stan-
dard subroutines can be incorporated into a progran.
Although the programmer makes use of standard tapes
here -~ in any case of mechanically reproduced coples
of the tapes - he has complete freedom in deciding
in which memory locations he wlshes to store the
standard subroutines.

A standard subroutine usually consists of one para-
graph and the programmer using it is left to choose
the starting point of thils paragraph in the memory.
The paragraph 1tself 1s referred to by a certaln pa-
ragraph name on the standard tape of the subroutlne.
A1l the programmer has to add to the beginning of
the standard tape 1ls the so-called specific initials,
by which the parameter in question 1s given the de-
gired value.

As a rule all subroutines are punched in terms of
the same paragraph letters (viz. those with a Z as
the first 1etter§; such a paragraph name can there-
fore occur several times on the tape of a program
that makes use of a number of subroutines, but each
time with a different meaning. In consequence letter
combinations that begin wlth a 7 are not sultable for
reference to an arbitrary address 1n the memory and
they may not be defined under the general inltials.

In practice 1t 1s customary to glve the paragraphs
of the standard subroutines two names: a paragraph
name beginning with a Z and a further name with a
meaning as defined in the general initials. The name
first mentioned serves only as a means to be able to
make use of the standard tape. The programmer only
has to consider exactly which paragraph name of the
Z-group is used for this purpose when he complles the
specific initlals of these subroutines; thils new value
of the parameter in question, and alsc every reference
to this subroutine in the maln program, 1is made in
terms of a paragraph name that has been determined by
the general initlals. At the same time one ensures
that in thls way the final locatlon of the program as
a whole can be altered by altering the general Inl-
tials only.

4,1,3 Type indicatlons

The group of directives that shows the most varlatlon
is that of the type indlcations. They specify according
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to which code - until further notice (i.e., until
the next type indlcatlion) - the units of informa-
tion that now follow are to be punched.

In the following we deal with five type Indica-
tions. We regard the type indications for double
length and floating point numbers as part of the
assoclated arithmetlc programs; these fall outside
the scope of this descriptilon.

DO "Skip blank tape"

The directive DO indicates that as yet 1t 1s not
known according to whlch code the assemblage program
willl 1nterpret the symbols on the tape. Thus the lack
of a "real" type indication 1s also regarded as a
type indication.

When the directive DO has been read the machine
3klps zero's and pentads X until it has found a D,
If the tape read program encounters a pentad # D,
the machine stops as an Indlcation that there 1s a
mistake, vlz. there 1s a tape indication missing.
(Like all directives, this begins with the letter D.)

If the new D is the initlal letter of a non-type-
indlcating directive - such as a paragraph definition
or an address Indicatlion (see 4.1.4) - the tape read
program goes on skipping blank tape (and X's) when it
has dealt with the directive, until 1t finally meets
a (real) type indication. The skippilng of blank tape
then comes to an end for the time being.

DI "Read instructions"

After this type indlcatlon and until further notice
(1.e. until it meets a new type indication) the tape
read program expects orders and directives exclusively.

Orders are punched as they are written, from left to
right; nothing is punched for blank columns.

No additional symbols are needed to separate the or-
ders from each other (such as, for instance, Line Feed
or Carriage Return; these symbols do not occur on the
keyboard of the tape punch). At the beginning of each
order any possible extra pentads X are skipped by the
tape read program.
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The page number, also the Index m of special Jjump
orders, must be punched as one pentad. The line num-
ber, if ¢ 31, may be punched as one pentad.

Further: if one inserts a minus sign between llne
number and page name, the line number is interpreted
as a negative number in the calculation of the address
(1t 1s therefore a minus sign with retroactlve effect).
The final address may not become negative in this way;
this restriction is not essentlal in the speclal ap-
plication for which this facllity was included. In
orders with function letter P (OP to 3P inclusive)
this minus sign must not be used.

DN "Read Numbers'

After the type indicatlon DN the tape read program
expects only directilves and single length numbers until
further notlice. Pentads X are skipped at the beginning
of each number (1i.e. before the sign); in punching the
numbers one uses only the digit keys O to 9 and the
keys for the plus and minus signs and the decimal point.

After DN the assemblage program 1s able to handle
converslons from decimal to binary system for integers
and proper fractions.

A1l numbers start with a sign (+ or -). The sign must
always be specifiled and 1t may therefore not be omltted,
for example, in the case of positlive numbers; on the
tape the signs actually serve as points of separation
between the decimal diglts of consecutlve numbers.

Integers consist of a slgn followed by the decimal
digits; non-significant zero's at the beginning may be
omitted. The restriction that the absolute value of the
umber must be less than 2206 = 6710 8864 is imgied by
the word length.

Tn fractions the sign i3 followed by the point and then
the decimal diglts; non-significant noughts at the end
may be omitted. In view of the word length of the X1 1t
1s rather futile (although it 1s allowed) to Intruduce
the fractions into the machine with more than eight decl-
mals after the point. (The integer formed by the decimals
after omitting sign and point must be less than 252 =
} 50359 96273 704g6; 1if this condition is not satisfied
the X1 stops.) An arbitrary number of zero's may be in-
serted between sign and point.
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We point out that after DN integers and fractions
may alternate without further directives. Here two
different interpretations of the binary word there-
fore fall under one type-indication; the cholce between
the two possibllitles 1s determined each time by the
pregence or absence of the decimal point.

DB "Read Binary words"

After the type Indication DB the tape read program
only expects directives and binary words as these are
punched out by the X1 (see 3.9.3). As described there,
each word on the tape 1s supplied with a parity bit;
after the type Indication DB the assemblage program
checks the parity of the groups of symbols read from
the tape.

DT "Read Type codes"

After tlis type indication the tape read program only
expects directives and type codes (see 4.7.1).

4.1.4 Directives for the processing cyele

Five directives control the operations of the process-
Ing cycle of the tape read program.

They are:

DA "Address Indication"

Thls directive serves to specify the storage location
of the first word that follows. Hence, the letters DA
should be followed by the address concerned, l.e. by the
line number, the paragraph letter(s) and the page number.

DX "Skip a number of addresses"

After the directive DA the words coming from the assem-
blage program refer to successive addresses in the memory
In the order In which they are delivered. It often happens
that one wishes to leave a few locations blank - because
they are to be fllled in by the program; the directlve
"Skip a number of addresses" has been introduced especially
for this purpose. The letters DX must then be followed by
the number of places that are to be skipped by the process-
Ing ecycle. The maxlmum value this number may have = 31 and
it must be punched as one pentad.
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DC Change of mode

A programmed switch determines whether the processing
cycle reads or checks. A change of mode can be effected
by means of the directive DC: if the processing cycle
was busy writing 1t then starts checklng and vice versa.

Normally programs are punched as follows. After leaving
a plece of blank tape one punches a page of program. This
starts with at least two directives ?address and type in-
dications) and is finished off with DCDO and a small plece
of blank tape. Immediately after this one punches a com-
plete duplicate. One checks whether no mistakes have been
made visually, viz. by placing one half over the other
and holding the two together agalnst the l1ight. When such
2 so-called "self-checking" tape is read into the machine,
the information is introduced by the first half and, once
in the machine, 1t 1s checked by the second half. Thanks
to the fact that the directive DC 1s repeated, the process-
ing cvele is left 1in the writing mode, ready to read the
next self-checking tape.

The effect of the directive DC depends on the wa in
which the tape read program was started (see 4.1.6%.

DS Stop

The directive DS indicates the end of the tape; when the
tape read program meets 1%, 1t ends its activity. If the
tape read program was working as an independent program
(1.e. if 1t was started by the operator, see 4.1.6) then
the X1 stops after the directilve DS has been read. If the
tape read program was incorporated as a subroutine (see
4 .5) the directive DS ends reading from the tape but the
¥1 goes on working in the malin program.

DE Exit

The directive Exlit consists of the letters DE followed
by an address. The control jumps to the address indicated.
This directive can be used to let the X1 perform a non-
standard operation during readlng of the tape. Further-
more, 1t can also be used to start a program directly from
the tape, 1.e. without using the awltches of the start
address (see 2.8 and 4.9.6).

4.1.5 Remarks about the use of directives

The above directives all bring about a certain modificatlon
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in the "state" of the tape read program, and only the
particular modification mentioned. In all other res-
pects they leave the state of the tape read program
exactly as 1t was. Thus type Indications do not alter

the state of the processing cycle in any way, the address
Indlication leaves the type indicatlon and the condition
of the mode swltch unchanged, etc. As a result type and
address indications at the beginning of a tape may be
punched in an arbitrary order.

Finally, the following points about self-checking
tapea should be noted. Apart from the essentilal general
Initlals, 1t is advisable to provide each self-checking
tape with the necessary directives to make it a complete
unlt on its own. It 1s true that thls costs some extra
symbols, but one evades a possible source of errors in
this way. This also implies that one must make it a ha-
bit to write the first paragraph letter explicitly in
the address indication at the top of each page. This
agaln, 1s in accordance with the normal way of using
ditto's. Things like these make it easler to handle the
tape and improve the general arrangement of the program
In no small measure,

4.1.6 Starting the tape read program

When a standard program is started by pressing one
(or more) keys of the keyboard (see 2.?.E and 2.8), we
use the term autostart (see 4,4.2)., The autostarts bear
the names of The corresponding keys: autostart 1 starts
the tape read program as an independent program, viz.

Autostart 1: with console word peslitive: start tape read
program in the writling mode with directive
DC effective;

wlth console word negative: start tape read
program in the checE%ﬁg mode wlth directive
DC ineffective.

Autostart 1 starts the tape read program after having
set the type indication to "Skip blank tape". As a result
1t may only be used if a plece of blank tape actually lies
under the reader and the necessary directives are still to
come,

When the console word is positive, the tape read program
starts working in the writing mode and each time 1t meets
the directive DC on the tape the processing cycle changes
1ts mode.
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When the console word is negatlve, however, the tape
read program starts worklng in the checking mode and
it goes on checking no matter how often 1t encounters
the directive DC on the tape.

In both cases the directive DS brings the reading of
the tape to an end: the machine stops after having re-
stored the status quo of the moment the autostart was
used.

If one fears, during the testing of a program, that
an erroneous out-order has destroyed the initial infor-
mation in one or more storage locations, one can lnves-
.tipgate this by letting the tape be read again, but thils
time with a negative console word. With this application
in view this autostart was so constructed that the di-
rective DC is ineffective when the tape read program 1s
atarted in the checking mode.

When the contents of a part of the memory have been
punched out on a binary tape (see 4 .2), one uses auto-
start 1 with negative console word to check whether the
tape produced 1is correct. If the X1 does not stop during
the checking of thls tape, one knows that the contents
of the memory have been punched out correctly; at the
game time one has verified that the correct parity bit
was added to each binary word when 1t was punched out.

4 .2 The tape punch program as independent program

The standard tape punch program 1s able to punch out
binary words. As a parlty diglt is punched out with every
word (and this parity is checked every time the tape 1s
read) binary tapes are not punched in duplicate; the di-
rective DC does not appear on them,

One can let the X1 punch out the contents of a number
of consecutive storage locations in binary form, using

Autostart 9: "Punch Binary Tape"

For thls purpose one specifies before hand:

1) the address of the firast word to be punched out in the
switches of the start address (1 DO);

2) the number (> 0) of words to be punched out 1n the
awltches of the stop address (2 DO);

3) the so-called punch code in the word switeches (3 DO);
the punch code must pe positilve.
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The tape punch program consists of six parts, the
punch code 1s specifiled in the six least significant
bits of the console word: they indicate, from right
to left, whether the corresponding part must be exe-
cuted (if so = 1, 1f not = 0). In order:

d, = 1 Punch plece of blank tape (about 19 cm)

d; =1 Punch "DB"

dy, = 1 Punch first address in the form "DA..... xo"
d3 =1 Punch the binary words

dy =1  Punch "DO" followed by a piece of blank tape

(about 6 cm)

d5 = 4 Punch "D3" followed by a pilece of blank tape
(about 6 cm).

Normally these six switches will all be up (= 1).
If the information to be punched out is, however,
stored (for example) in two separate parts of the
memory, one punches (for example) the first part with
punch code = 15 (l.e. 001111) and then the other part
with punch code = 60 (1.e. 111100). Another possibi-
11ty 1s to use punch codes = 31 and = 62 respectively;
the two parts are then separated by a plece of blank
tape.

The switches used to gilve further specifications of
autostart 9 must always be set before the key 9 1is
pressed; once the key has been released the X1 starts
punching almost immediately. The tape punch program
has then already copied the data from the switches and
while the X1 punches the first part of the tape one
can already set the switches for the following auto-
start 9.

When the whole tape has been punched the X1 stops
after having restored the status quo of the moment that
autostart 9 was glven. It is therefore possible to stop
a computation at a certain point, to punch out some re-
levant Intermediate results by means of autostart g, to
check the tape with autostart 41 under negative console
word, and then to let the X1 continue 1ts computation
by pressing the button BNA ("Begin Next Address", see
2.8) as 1f nothing had happened,

Remark. Naturally reading in the checkling mode does not
check, whether one has placed the correct first address
and length in the switches. This should therefore be
done wlth the greatest possible care.



-T4-

4,3 The type program as independent program

Two autostarts enable us to let the X1 type out the
contents of storage locatlons or of reglsters at any
desired polint of a program,

Tn order to type out the contents of a storage loca-
tion one puts 1ts address in the switches of the start
address (1 DO). Three addresses have a gpeclal function:
during the operation of the keyboard program there 1s a
one to one correspondence between these addresses and
the registers, viz.

(0 x2) = (a)
(1 x2) = (S)
(2 x2) = (B)

If one puts one of these three addresses in the switches
of the start address the contents of the corresponding
reglster are typed out.

The autostarts 1in questlon are:
Autostart 7: "Type integer”
Autostart 8: "Type fraction" .

TIn autostart 7 the sign 1is followed by eight digits of
which zerds at the most significant side are replaced by
spaces. In autostart 8 the sign 1is followed by a unilt diglt,
a point and then seven decimals; naturally the unit digit
is nearly always = O: however, as the type routine rounds
the fractlon off correct to seven decimal places, 1t may
become = 1.

When the typing has been completed the X1 stops agaln
after having restored the status quo; if one doces not
wish to type out any more at this stage, one can let the
¥4 continue 1its computation by pressing the key BNA (Be-
gin Next Address, see 2.8). See also 4,84,

4 4 The keyboard program

Provided the stop switech SNA 1s off one can let the X1
execute different standard operatlons by pressing diffe-
rent keys of the keyboard (see 2.7.%4). At the end of such
a standard operation the X1 will stop again after having
restored the status quo of the moment the key was pressed.
(A number of speclal storage locations that functlon as
working space for the keyboard program are naturally ex-
cepted).
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4.4%.1 Manual input of numbers

The keyboard can be used for the input of numbers by
hand. This application of the keyboard, like most of
the others, 1s not meant to be used frequently but it
1s nevertheless extremely useful. Using punched tape
for a single number that 18 not known before hand is
rather cumbersome!

We restrict ourselves to the input of double length
numbers: for this purpose one presses the sign followed
by the successive decimal diglts, when necessary the
point, and finally the key G once. The number intro-
duced in this way can then be found in addresses 30 X0
and 31 X0 in double length representation: 30 X0 con-
tains the most significant half of the number, 31 XO
contains a copy of the sign dlglt and the 26 least sig-
nificant binary digits.

We must now distinguish between three different cases.

Integer If the point 1s not pressed the decimal digilts
are regarded as forming a whole number, which (analogous
to the notation [AS] = [Al .220 + [S]) 1is stored in the
representation [30 X0, 31 X0]. If the introduced number
1s less than 226 = 6710 8864 in absolute value, [30 XO|
therefore becomes = +0, while [31 X0] is equal to the
number.

Mixed number If the point is pressed, but not immediate-
ly after the sign, the decimals are regarded as formlng

a mixed number, which (analogous to the notation [as} =
(2] + {S}) 1s stored in the representation |30 X0, 31 XO} .
In this case [30 X0] 1s equal to the whole number formed
by the digits before the point, and {31 X0} 1s equal to
the fraction formed by the digits after the point. 4An ex-
ception to this rule is the case where the fraction lies
g0 close to 1 that in rouading it off we get an overflow,

Proper fraction If the point 1s pressed immedlately after
the sign the decimal digits are repgarded as forming a
double length fraction, which (analogous to the notation
{ast = {a} + {s} .2-26) 15 stored in the representation

{30 X0, 31 x0}.

One should therefore, note that pressing "+0.137 G" and
"+.137 G" gives rise to different results! In the input
of single length fractions 1t 1s advisable to make 1t a
hablt to insert a nought between sign and decimal polint,
In the first place the fraction is then rounded off cor-
rectly, In the second place the result is then delivered
to the same address (i.e. 31 X0) as single length integers.
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Remark. In all cases the keyboard program demands that
{ignoring the sign, and the point when present) the in-
teger formed by the digits must be less than 2 2 =

4 50359 96273 TO496.

As soon as one 1s afraid of having made a mistake in
pressing the keys, one presses the key H and starts
agaln. Pressing the key H brings the keyboard program
into its "neutral state”.

The keyboard program, which can be in different states,
18 normally in what 1s called 1ts neutral state. It must
be in the neutral state when one begins with the manual
input of numbers. If one of the signs is then pressed in,
its state is then no longer neutral; the keyboard program
then only returns to this state when one presses the key
G or H. (The key F, which is not considered here, will
subsequently also be able to restore the neutral state.)

The way the X1 reacts to the pressing of a key depends
on the state in which the keyboard program finds 1tself.
However, this does not apply to the key H: at all times
1tg functlon is to bring the keyboard program to 1lts neut-
ral state.

4 k. 2 The autostarts

One effectuates a so-called autostart by pressing a
non-sign key without having pressed a slgn key before
hand (i.e. when the keyboard program is still In 1ts
neutral state). The autostarts bear the names of the
corresponding key(s). At the moment of writing definlte
functions have been assigned to ten of them; the keys
F and G are still reserved for multlple autostarts.

-3
Autostart O: Start the program that begins at O Z Z0

Autostart 1: Start tape read program (see %.1.6)

Autostart 2: Preparatlon for interruption program class
6 (see 4.9.6)

Autostart 3: Transport (31 X0)

Autostart 4: Transport (30 X0, 31 XO) see below
Autostart 5: Transport console word
6

Autogtart O: iogplﬁte active type-punch program (see
5.3

Autostart 7: Type integer (see L4.3)
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Autostart 8: Type fraction (see 4.3)
Autostart 9: Punch blnary tape (see 4.2)

Autostart H: Restore neutral state keyboard program
(see 4.1)

Autostarts 3 and 4 make it possible for one to fill
in the number that has Just been introduced manually,
in an arbitrary place In the memory; autostart 5 trans-
ports the contents of the 27 word switches at the bot-
tom of the vertical panel (see 2.8). In other words,
one uses the autostarts 3 and 4 in bringing in decimal
data, autostart 5 in introducing binary data.

In all three cases the destination is glven by the
fifteen switches of the start address at the top left
of the vertical panel (see 2.8). Autostarts 3 and 5
111 the storage location indicated by these swltches;
in autostart 4 the most significant part is written
there, while the least significant part 1s written in
the next storage location.

As the start address and the console word correspond
to (1 D0) and (3 DO) respectively, we can represent the
function of the autostarts that have been mentioned as
follows:

Autostart 3: (31 x0) == ([1 pol)
Autostart 4: (30 X0, 31 X0)=s ({1 DO], [1 DO] + 1)
Autostart 5: (3 DO) = ([1 DO]) .

The fact that, during the operation of the keyboard
program, there is a one to one correspondence between
O, 1 and 2 X2 and the registers A, S and B (see 4,3),
enables us to transport information to the reglsters.
As a result (A) 1s modified by autostarts 3 and 5 if
the destination is 0 X2, while autostart 4 then modi-
fies (A8).

Remark. The operator who wishes to make use of this fa-
¢l1lity must know the one to one correspondence, by con-
trast to the special role of addresses 30 X0 and 31 XO.
As the reader will have noticed, manual input of num-
bers could also have been described along the following
lines: "To fill in a single length number at a desired
address one puts this address In the switches of the
start address and successively presses the two keys

G 3 after the last decimal” ete. '
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4.5 The tape read program as subroutine

We have already seen that, 1f the X1 has stopped,
the tape read program can be started by autostart 1
(see %4.1.6). The function of autostart 1 with a posi-
tive console word can be effectuated by a program wlth
the ald of & special subroutine call:

6T 2% D7 O =

This subroutine has the function: "Start the tape
read program in the writing mode with directive DC ef-
fective".

When the control returns to the maln program below the
call, (2), (S), (B) and (sg) have been modified. However,
the control does not walt for the completion of the tape
reading before returning to the main program, but returns
to it as soon as the X1 would have to wait for the next
pentad on the tape! As goon as the following pentad can
be read, the program following on the call 1s 1interrupted
again and the tape read program proceeds for the time be-
ing, etec. The actual executions of the tape read program
and the main program following the call are thus inter-
twined; during this time the tape read program restricts
1{tgelf to the working space reserved for tape reading
(see 4.8.5). Naturally, after every intermediate inter-
ruption the control returns to the main program with com-
plete restoration of the status quo.

As in the case of autostart 1 the tape read program
reads from blank tape up to and including DS. If auto-
start 7 was used to start the tape read program, the
latter reacts to the directlve D3 by atopping the X1
after having restored the status quo (see 4,1.6). Now,
however, the tape reader stops after DS, but the X1 goes
on working and the reaction to the directive D3 is con-
fined to noting the fact that the tape read program has
ended its activity.

The main program can lnquire after this with the aild
of the following condition setting subroutine call:

67 5 DO 0 =) "Tape read program Active?"

The subroutine modifies (A) and (sg) and records the
answer to the questlon whether the tape read program 18
st11l 1n actlon, in the condition. Before the maln pro-
gram uses the data just read from the tape, it can there-
fore verify whether the desired {nformation has actually
all been introduced with the aild of the subroutine just
mentloned.
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If it transplres that the tape read program is still
active_the maln program can find out how far 1t has got:
[28 X0l = "the so-called transport address'", L.e. the
address of the storage location to which the next word
from the tape will refer. If the tape is a blnary one
and will therefore only be read in the writing mode,

(28 X0) makes it possible for the impatient programmer
to use Information from the beglnning of the tape, before
the end has been read.

The most common application of the transport address
is the followling. If the tape contalns an unknown number
of words which are to be consecutively stored in the me-
mory, starting at a known address, the number can then
be deduced from the final value of the transport address
after the directive DS has been read. The required number
1s equal to the final value of (28 X0) decreased by the
address of the filrst word of the sequence. Of course
(28 X0) must then be inspected before a new plece of tape
is read in!

The second application of the transport address is read-
ing a binary tape which lacks an address indicatlon: be-
fore the subroutine call that starts the tape read pro-
gram is gilven,one f1lls in the destination of the first
word in address 28 XO. Of course this may not be done while
the tape read program is stlll busy reading the previous
section on the tape.

The subroutine call "Start tape read program in the
writing mode" 1s equipped with so-called "semi-automatic
synchronization", 1.e. one 1s only allowed to call 1in the
subroutine if there 18 no tape read program actlve anymore;
1f necesgary a walt should be programmed:

L

=2 6T 5 DO O =) Tape read program actlve?
Y 1T 2 A — If so, Jump back.

(As a rule the main program wlll already have checked
whether the previous activity of the tape read program
has ended, because it is necessary that this condition
should be satisfied before the information can be used.)

If the X1 stops in the tape read program e.g. due to a
failure of the tape reader, one puts the tape back with
the plece of blank tape preceding the rejected secticn
under the reader., One can usually start the tape read
program anew wWith autostart 1. However, this 1ls not al-
lowed In the following two cases.
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1) If the tape read program was started as independent
program by autostart 1 (with the result that the X1
would stop at the directive DS) with the intentlon
of makling use of the restoratlon of the status quo.

2) If the tape read program was started by the subroutine
call. (In this case a part of the maln program follow-
ing on the subroutine call has also been executed al-
ready!)

In these two cases one starts the X1 at

address 0 D9: "Restart address tape reading in the
writing mode"

after the tape has been put back.
(As we have already seen, 1t is possible that the address
{ndication may not appear on the tape in the second case.

If so, the operator must first gilve the transport address
at 28 X0 its initial value.)

4 6 The tape punch program as subroutine

Autostart 9 (see 4.2) is not the only means of starting
the tape punch program: it can also be started by a pro-
gram and it then has exactly the same facilities. The pro-
gram then uses the subroutine call

610 24 D21 1 =) "Punch blnary tape"

The three parameters required by the tape punch program
are supplied in the reglsters, viz.

[A] = punch code
(s}
(B]

When the control returns to the main program under the
subroutine call, (&), (S) and (B) are modified, also (sg),
(s4) and (0 X1). From then onwards these three addresses
are at the disposal of the programmer again, although the
punc.aing has not yet been completed. As a matter of fact
the actual execution of the tape punch program 1s inter-
twined wlth that of the main program following on the call
(in the same way as that of the tape read program (see 4.5)
and the tvpe programs (see 4.7)). From then onwards the
punch program restricts ltselfl entirely to the worklng
spaces reserved for this purpose (see #.8.5); in autostart
g the tape punch program only uses these worklng spaces
and (sp) (s,) and (0 X1) are therefore not used.

first address

Ii

length
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In order to determine, some time after calling in
the subroutine "Punch binary tape", whether 1ts exe-
cutlon has been completed in the mean time, one may
make use cf the condition setting subroutine call:

6T 5 D1 0 =) "Type-punch program active?"

The subroutine modifies (A) and (sg) and records
the answer to the question whether the type-punch
program is still In action, in the condition. The
term "type-punch program" 1s used here to refer to
a program that operates either the typewriter, or the
tape punch, or both (In the last case neither of the
two mechanisms work at top speed continuously; a pro-
Fram of this kind is not Included in the set of pro-
grams described here.) Tape punch and typewriter have
Some of their controlling apparatus in common (see
2.6.9); as a result the synchronization between the
X1 and these mechanisms is governed by the same sig-
nals and the same piece of administrative program,
Tape-punch and typewriter on the one hand and tape
reader on the other are completely independent. As a
result it is permissible to start the tape punch pro-
gram as subroutine while the tape read program 1is
still active, and vice versa,

The subroutine call "Punch binary tape" is equipped
with automatic synchronization", i.e. it 1s permissible
to give the subroutine call "Punch blnary tape" while
some type-punch program 1s still active. In that case
the control automatically walts until this prcgram has
ended its activity and only then returns to the main
program,

N.B. Of course the contents of the addresses that are
to be punched out must be left intact until the punch-
ing out has actually taken place. The program that fol-
lows on the call "Punch binary tape" must therefore not
write in these addresses, before

1) the subroutine "Type-punch program actlive?" has glven
a negative answer, or

2) a new call of a type-punch subroutine with automatic
synchronization has been executed (see 4.7)

If it transpires that the binary tape is not yet
finished, it 1s possible to let the main program de-
termine how far it has got. The Impatient programmer
can use the fact that [27 X2] = the number of words
st11l to be punched.

Finally: if one only uses the subroutine "Punch binary
tape" in order to punch a piece of blank tape and/or some
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directives, we need not speclfy the "superfluous”
parameters. In particular: if dp = dgq =0 1In the
punch code, then [S] (= first addresg) is of no
consequence; if dg = 0, the length does not have
to be specifiled 1n B.

One could ask why the punch subroutine is egulpped
with fully automatlc synchronization, whereas the
tape read subroutine only has semi-automatlc syn-
chronization. The reason is that the punch subrou-
tine may have to walt for the completion of & type
subroutine (which, see 4.7, also has fully automa-
tic synchronlzation), while the tape read subroutine
may only need to walt for the end of previous tape
reading. The question, whether the tape reading has
peen completed, is of great significance to the main
program that wlshes to use this information. When the
main program wishes to start the tape read program,
1t wlll therefore in general already have verified
that the previous activity of the tape read program
has ended. The situation 1s quite different for the
type subroutine: 1f this subroutine is presented with
a number to be typed out, 1t is, loglically speaking,
immaterial to the main program at which moment the
typing out of the number has been completed.

Finally we wish to draw the attentlon to the punch
code: 1t controls six separate functions of the punch
program. An alternatilve solution would have been the
construction of six separate subroutines. However, at
every call of a synchronizing communication subrou-
tine, the main program and the process of communica-
tion are, for a moment, synchronized with respect to
each other. The less often thils occurs, the more effl-
cient the combination of the two processes tends to be.
For this reason the six functions of the punch program
are combined into one subroutine, that is controlled
by a punch code.

4,7 The type program as subroutine

The standard type program types single length numbers.
Which decimal digits the type program derives from the
binary word, depends on the interpretation of thils word:
the standard type program can choose between two Inter-
pretations, viz. integer and fractlion. This classifica-
tion only has a bearing on the position of the binary
point and 1is Independent of what the result looks llke
on paper: apart from this classification the programmer
1s free, for example, to shift the decimal point in a
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fractlon over a number of places durlnhg typlng, or
even to omit 1t altogether, or, on the other hand,
to insert one or more points 1In the typlng of an
integer.

The way in which the type routine must type out
a number is recorded in the memory with the aid of
a gso-called type code. The binary representation of
a type code 18 of no significance at the moment (how-
ever, see 4.7.1); for the present 1t is sufficlent
to know that a type code always occuples one address.
We will now describe the way in which the programmer
gpecifies the type code, and at the same time explain
the facllitles of the type progranm.

4L.7.1 The type code

Absolute value or sipned number When the type code
beglins with an B, the absolufe value 1s typed out, i.e.
the typing of the sign 18 suppressed. If one emits this
A at the beginning of the type code, the type program
begins by printing the slgn of the number.

Integer or fraction Next one specifies In the type code
whether the blinary word Is to be interpreted as whole
number or &as fractlon. There are three poassibilitles:

Gn (0¢n<8) "Integer with n digits"
Bn (O<¢m¢7) "Fraction with m digits"
Em (Osm<7) "Fraction with 1+m digits"

In the case Gn the word is regarded as a whole number,
that 1s typed out in n decimal digits; the whole number
must be less than 10" in absolute value (for n = 8, this
condition 1s satisfied automatically).

In the cases Bm and Em the number 1s regarded as a
fractlon and is rounded off exactly to the mth decimal
place, The difference between the two forms 1is that in
the case Em the digit before the decimal point 1s in-
cluded, in the case Bm thils 1s not so. In the case Em
i1t i3 permissible that in rounding off the fraction be-
comes = 1; by contrast, in the case Bm the fractlon must
be less than 1-310"™ in absolute value.

At thils point, the digits which are to be typed out,
have been specifled 1n all three cases.
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3) Number layout After this one specifles how the decl-
mals just defined are to be typed out. For thls pur-
pose the digits are subdivided into, at most, three
groups of consecutive diglts. The number layout 1s
described from left to right for each separate group.
Per group the specification consists of three parts
in the followlng order:

a) indication for the (possible) insertion of a symbol
b) indication for the (possible) suppression of zerds
¢) number of digits in the group (> 1)

A symbol can only be inserted at the beglnning of a
group; the description of a group can begin In four
ways:

- : 1insert minus sign (dash)
S : 1insert space

: Ilnsert point

N : 1insert nothing .

One uses the N when one starts a new group for some
reason other than the insertion of a symbol. (As every
group contains at least one diglt it 1ls therefore not
possible to insert, for example, a point and a space
next to each other.)

The second symbol of the group description controls
whether or not spaces are to be substituted for noughts.
There are three possibllities:

I imperative
F : facultative
L last diglt 1lmperative

By "imperative typing" we mean that all dlglts, Including
the noughts, are typed out; by facultatlve typlng we mean
that those zerds that occur at the beglnning are replaced
by spaces. As soon as a diglt # 0 1s encountered, the
"fransition to imperative typing takes place": from then
onwards any zeros, which may occur, are typed out until
further notice, If such a digit # O 1s not present, only
spaces are glven. The possibllity L was included, because
it 18 often desirable that this last nought should be typed
out normally: the typing starts as for F, but the last di-
git of the group 1s always typed out, irrespective of the
value of the previous dlglts.
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N.B. By F and L zero's at the beginning of a
group are replaced by spaces, unless the previous
group was tvped according to F and the transition to
imperative typing had already taken place there.

The group description ends with the number of diglts
In the group.

Closing symbols When the groups have been dealt with,
the closing symbols are written down. There are three
posslbilities:

XT : Tabulator slgnal
X5 : Space signal
XN : Nothing .

The first set of closing symbols causes the carrilage
of the typewrlter to move on to the next tabulator
stop when the last diglt has been typed. The second
set of symbols only gives rise to a space after the
last digit. If, however, we wlsh to go on typlng lmme-
diately after the last diglt of the number, the type
code 1s ended by the letters XN.

In illustration we give a number of examples, We
begin by pointing out that the version L could always
be constructed with the aid of the two other versions,

e.g.
NETA o "SF3 NIq"

Here, however, the four digits must then be dlvided
Into two groups: without the L version the maximum of
3 groups 1s more apt to be an inconvenient restriction.

To type the contents of a register Including its sign
as a whole number facultatively, followed by a space,
one uses

G8 NL8 XS .

If, however, we know that the number is posltive, so
that we are not interested in the slgn, 1If furthermore
we wish the eipght digits to be split into two groups
of four, separated by a space, and If, in addition, the
carrlage must move on to the next tabulator stop, then
the type code takes the form

A G8 NFF sSL4 xT |

(According to this type code a million would be typed
out as:
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100 0000 , and not as
100 0
Here we see the reason why, after a group under F,
the type program does not begln by unconditionally
substituting spaces for noughts in the following
group, when the latter 1s typed under F or L.)
With the ald of the type code
A @8 SL2 - L2 - Ik XS
one types the number 25091931 as the date
25- g-1931 .

Insertion of horizontal dashes wlill as a rule be
used in the typlng of code numbers.

One uses the following type code in order to type
out a fraction in four decimals:

B4 Ik XT .

As fractions are rounded off by the type subroutine,
both 0.3478503 and 0.3479332 will be glven as +.3479
on paper.

If one must allow for the case that the absolute value
of the fraction may exceed 0.99995, one uses the type

code
E4 NF1 VI XT .

Then posasible results on paper are

+ .7382
- 0031
+1.0000
+ 0000 .,

The version E can thus also be used to insert a space
between sign and point; if the first group had been Spe-
cified by "NI1", a nought would then have been inserted
petween sign and point.

One often wlshes to suppress or shift the point. In
order to type a fraction as a percentage wlth one deci-
mal, one uses, for example,

A B3 NL2 .I1 XS .
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As mentioned before each type code occuples one word
in the memory: they are bullt up by the assem lage rou-
tine under contro”™ of the type Indication DT.

After the type indication DT the tape read program
expects only type codes and directives until further
notice. At the beginning of every type code extra pen-
tads X are skipped. The type code 1s wrltten down accord-
Ing to the above rules and is punched from left to right,

The binary representation of a type code can be derived
from the following:

d =0 1f A
26 =1 1if non A
d,-d = 00 1if Gn
25°2% _ 44 1t Bm
= 10 1f Em
To the right of these there follow:
for Gn 8-n zeros

for Bm : 8-m zeros followed by a 1.
for Em : 7-m zeros

(The number of noughts 1s thus equal to 8 - the number
of typed decimals.)

Immedlately to the right again follow the descriptilons
of the groups from left to right. Each group description
conslsts of

3a) Two bits deseribing the insertion of a symbol, viz.

00 for "-"
01 for "N"
10 for "."
11 for "s"

3b) The next two bits describe the zero suppression,viz.

C1 for "I"
10 for "L"
1M1 for "F"

3¢c) Thereafter, the number of digits k31 of the group
13 recorded by a string of k-1 zeros followed by a
one .,

The closing symbols are recorded in the three least sig-
nificant digits of the type code, viz.

010 for "Xr"
001 for "Xs"
110 for "XN" .

d2d1do

o
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The unused digits, 1f any, between 3) and 4) are = O,

4.7.2 Calling in the type subroutine

The tvpe subroutlne, which is equipped with automatlc
synchronization, 1s called in with the number to be typed
out in the S-register. The type code needed is stored in
the location following on the call, the control returns
to the main program at the address that then follows.

The peneral form of such a call is

6T 0 D22 Q = Type (S)
DT ........... DI Address for type code
=} Return address

A consequence of this method of glving the type code
{s that the subroutine jump to the type routine may, as
a rule, not be skipped conditionally: for then the X1
would Interpret the type code as order.

Analogous to the subroutines for tape reading and type
punching, the type subroutine returns control to the maln
program as soon as the ¥1 would have to walt for the ex-
ternal apparatus (the typewriter in this case). There-
after, the actual execution of the rest of the type pro-
gram automatically takes place, 1n parts, in between that
of the main program that follows the call.

When the control returns to the address followlng on
that of the type code, this happens with complete resto-
ration of the status quo of the moment the type routlne
was called in: (A), (S), (B), the condition etc. and the
interruption permlt are all unchanged; (sq), which was
used for calling in the type routine, ls tgen again at the
disposal of the maln program.

Like the subroutine call "Punch binary tape" (see 4.6),
the subroutine call "Type (S)" 1s equipped with automatic
synchronization, l.e. one is allowed to call in the type
subroutine while a type-punch program 1is still active.

If so, the control automatically waits until the previous
type-punch program has ended, and only then returns to the
main program.

A secondary function of the type routine is counting the
number of times it is called in per line: after the typing
of every n-th number the signal NICR is automatically given.
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For this purpose the number n = "the number of numbers
per line" must previously have been filled in at address
31 X2, In typing the last number on the line, the closing
8ymbols have no effect: 1f', for example, the type code
ends with XT, the tabulating signal 1s not glven after
the last number on the line for reasons of speed; iInstead
the signal NICR 1is given Immediately.

The process of typing is completely checked. The decl-
mals gent to the typewriter are read back out of the
type relays by means of the echo orders. From these data
the number 1s converted back to the binary number system
again and the result 1s compared to the orlginal number,
When a discrepancy cccurs the type routine automatically
types the incorrect number agaln in the same column, but
one line further down.

The type check also checks whether the glven number
satlisflies the conditions demanded by the type code, viz.
that for Gn the absolute value of the number must be less
then 10" and that for Bm unity may not be reached in round -
ing off.

For the purposes of checking too 1t 1s necessary that
the type routine keeps count of the numbers,that have
already been typed on the line., In the casge of an error,
the signal NICR 1s given. The counter shows how many ta-
bulator signals must then be sent to the typewriter, in
order to return the carriage to the posltlion 1t had at
the moment the typing of the Incorrect number started.
With a view to this reposltlioning of the carriage one
sets a tabulator stop at the beginning of every number,
with the exceptlon of the first, which starts at the left
margin (see 4.7.4),

It 1is possible to call in the type routine in such a way
that the paper remalns blank. One can use this possibility
if & column must be left open in a line, In the program
one writes, for example,

25 0 A
6T O D22 0 ' =)
DT A GO XT DI

sy

As a result a tabulator signal only is sent to the type-
writer: a column is skipped and all precautions for syn-
chronization are automatlically taken. Of course, the column
18 counted!

The type check demands that (S) = 0. If we happen to know
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that the two most significant dlglts in S are equal to
each other, there 1s another possibility:

60 o D22 O = providea |{sil < 2
DT A BO XT DI

4.7.3 Extra line blank

Another member of the set of type subroutines 1s called
in by:

6T 10 D28 O ~) Extra line blank

If the counter shows that the carriage is at the be-
ginning of a new llne only one signal NICR 1s gilven, other-
wise two are glven and the counter is cleared. When control
returns to the main program, (A), (8) and (B) have changed,
for further detalls see the calling in of the type subrou-
tine "Type (S)" (see 4.7.2). The subroutlne "Extra line
blank" is also equlpped with automatic synchronization.

By deliberately changing the value of the counter one_can
modify the functlon of this subroutine. Normally (30 x2] =
"the number of typed numbers on the line"; hence, when the
carriage is at the beginning of a new line, this situatlon
is characterized by [30 X2] = O. Reversely, one can force
the subroutine to act as 1if the carriage were at the begin-
ning, by filling in a zero atb this address. Thls enables us
to break off a line before the end, and to go on typlng on
the next line, for example by means of the orders

2A 0 A
5 30 X2 0 = [30 x2]
T 10 D280 = only 1 NICR

We advise the programmer to leave (30 X2) intact as long
as type program is active!

4.7.4 "Tab-tape"

One should provide a so-called "tab-tape" for every pro-
gram that uses the typewriter; this small piece of tape 1s
used to fix the positions of the tabulator stops on the
carriape of the typewriter. If, considering the tabulator
atops from left to rlght, the distances between a stop and
the preceding one (for the first stop: "the left hand mar-
gin”g are equal to a,b,...,m, the text of the tab-tape must
be as follows:
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DN

DE 30 D27
+a
i‘-b
+m

Disers

It is essential that the directive DN should precede
the directive DE. After the directive DE the program
gives a signal NLCR, reads a number from the tape,
gilves that number of spaces and walts 1.6 seconds be-
fore reading the next number, to allow the operator
time to set a tabulator stop. This process is repeated
until some new directive 1s encountered. (Before the
tab-tape 1s read by the tape read program, the opera-
tor must have removed all stops from the carrlage. The
tab-tape may not be read while a type program is actilve.)

4.8 Some remarks about synchronizing routines

4.8.1 The interruption permit

For both the semili-automatic synchronizing call of the
tape read program (see 4.5) and the automatic synchro-
nizing calls of the tape-punch program (see 4.6) and the
tvpe programs (see 4.7), the following holds as regards
the interruption permit and the susceptibllity of the X1.

In these respects the status quo at the moment of the
call 1s fully restored when control returns to the main
program. As interruptions of class 6 must be possible
from then onwards, this state should imply that the X1
1s susceptible and that interruptions of class 6 should
be allowed by the interruptlon permit. Normally this 1is
always the case.

During the execution of the communication program -
both after the call and during the interruptlions to follow
the state 1s, In these respects, as at the moment of the
call, except that class 6 has been removed from the inter-
ruptlon permit.

As a result, interruptions from other classes that were
allowed at the moment of the call, can only be prevented
afterwards with due precautlon as long as the communica-
tlon program Just started is still active. The easiest
way 1s to make the X1 non-susceptible for a short while.
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It can also be achleved by means of the interruptlon
permit, provided that class 6 1s removed from it as
well. This last method will be used in interruption
programs for other classes. As a matter of faci inter-
ruptions of class 6 never have priority because they
can always be postponed: for class 6 the interruption
sipnal indicates that the mechanlsm concerned may be
used agaln, and not, that 1t must be used again within
a speclfic period of time.

4.8.2 The end of a program

If a program starts the tape read program as subrou-
tine, 1t does so because 1t wants to use the informa-
tion on the tape: the main program will therefore de-
tect that the tape read program 1s no longer actilve
at a certaln moment.

The sltuation is different for the tape punch and
type routines. If the main program has started an out-
put program the latter will be completed during the
part of the main program that follows, unless the X1
stops prematurely! The programmer must be aware of this
at the end of nis program: the stop instruction should
only come after the program has ascertalned that it 1is
no longer necessary for the X1 to remaln active because
a type-punch program must still be completed. The pro-
gram should be ended, for example, as follows:

- 6T 5 D1 O = Type-punch program active?
Y 1T 2 A — if so, Jjump back
TP otherwise stop .

If the programmer has forgotten this, autostart 6 can
save the sltuation (see 4.8.3).

Another way of ending the program is by means of a
dynamic stop (e.g. 1T 1 A). One may prefer thls method
of ending the program when the X1 has to remain actilve
with a vliew to other interruptilons. If this 1s not the
case, I prefer the method described above, where the 7P-
order is finally obeyed, for then the control panel glves
a clear indication of the state of affalrs: a green light
zoes off and a red one goes on as soon as the machine
stops, and 1t can further be arranged that a buzzer then
starts buzzing.
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4,8.3 Autostart 6

With the aid of
Autostart 6: Completion actlve type-punch program

the X1 1s kept working as long as a type-punch program
has not been completed; thereafter the X1 stops wilth
the usual restoration of the status quo. (If no type-
punch program is active at the moment autostart 6 1s
glven, the X1 immediately stops again.)

This autostart was included with a view to the testing
of programs., When the X1 1ls stopped at a certain point
in the maln program in order to type out a number for
the purposes of inspection, 1t may happen that a type-
punch propgram is still active. If one then uses cne of
the autostarts 7,8 or 9, (typing and punching respec-
tively) then the half completed type-punch program is
cut and willl never be completed. If one prefers the pro-
gram to perform the entlre output process flrst, one
uses autostart 6.

4.8.% Compatibility of the keyboard propgram and actlve
communication programs

If a communication program of class 6 1s actlve, one
should use the keyboard program with due care.

It 1s forbidden to use the keyboard for the input of
decimal numbers as long as the tape read program is ac-
tive. The reason for this restriction is that the key-
board program makes use of the same conversion subrou-
tines (and the related working spaces!) as the tape read
program, so that in using the first, information belong-
ing to the second may be destroyed.

The probability that thils situation wlll arise is fairly
small, amongst others because the tape reader has a rela-
tively high speed. Should this situation nevertheless a-
rise, a small trilck can be used to let the tape read pro-
gram fulfil 1its task. For this purpose one presses auto-
start 6 "Completion active type-punch program"; as a re-
sult type-punch program that happens to be active is com-
pleted and during that time the tape is also read! Should
the X1 stop before the tape reading 1s finished, one then
makes use of the fact that an active tape read program is
1s continued during the punching of a binary tape: by re-
peated use of autostart 9 one punches small pleces of tape,
until the tape reader definitely stops. If necessary the
tape punch mechanism is switched off, before autostart 9
1s given!
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A second remark concerns the restoration of the status
quo after autostarts 1,6,7,8 and 9. It is incorrect to
use these autostarts when the X1 has stopped at an order
of either a type-punch program or a tape read program.
Should one nevertheless do so, the means of continuing
the main program afterwards have been 1rrevocably lost.
One therefore uses these autostarts excluslvely 1f the
X1 has stopped at a certaln point In the main program

e.g. due to the contents of the stop address swiftches
Esee 2.8)).

The reason for this restriction 1s as follows. The or-
ders of read and type-punch programs form part of the in-
terruption program of class 6. In order to execute them
the main program was Interrupted at an unknown polnt;
the interruption program, however, has recorded in the
memory how and where the maln program 1s to be contlnued
at the end of the interruption. This record, whlch holds
information that 1s vital for the continuatlon of the
maln program, would be destroyed by the incorrect use of
the autostarts as described in the precedlng paragraph:
restoration of the local status quo is necessary, but
not necessarilly sufficient, to be able to continue the
computation. Fortunately there 1s 1llttle reason to use
the autostart mentloned at any polnt other than in the
maln program.

4.8.5 Reserved storage locatlons

A number of storage locations in the llving memory
are reserved as working space for Interruption programs.
The moment at which an interruptlon program 1s executed,
1s, to a large extent, undefined with respect to the
main program. Hence these storage locatlions are unsult-
able for the storing of informatlon occuring 1in the main
program,

The communicatlon program under discusslon here uses
the last ten addresses of pag. X0 and the whole of pag.
X2 (see also Appendix 3). Pag. X1 is reserved for ordi-
nary subroutines; because 1t is known when these subrou-
tines uses these addresses, the maln program can make
use of them %oo. (Address O X1, 1t 1is true, is used in
the call of the automatic synchronizing subroutine "Punch
binary tape", but it is free again as soon as control re-
turns to the main program!)

During tape reading the memory must hold a table of the
first addresses of the pargraphs. In thls table each
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chapter occuples thirteen consecutive addresses; per
chapter the paragraph names, and the chapters them-
selves, occur in the order

Z EF HKULURSTWUY N.

The beginning of the paragraph table 1s fixed for
every Installatlion; as soon as one knows which chap-
ters are used in a program, one therefore knows from
which point onwards the memory 1s free.

Pag. X3 et seq. are reserved for interruption pro-
grams of other classes. The paragraph table follows
on these reserved storage locations. The beginning
of the table of paragraph names 1s recorded in address-
es 0 D16 and 27 D16. The address O X5 can thus be found
here when X3 and X4 are reserved for additional inter-
ruption programs. By changing (0 D16) and (27 D16) one
shlfts the paragraph table to ancther position in the
memory .

The communication programs dealt with here ocCcupy
pages DO up to D27 and part of D28 in the dead memory.
Address O DO = 24576 (= 3.273); 1in binary form 0 DO=
11000 00000 00000.

The Interruption jumps of classes 1 to T can be found
at addresses 1 D16 to 7 D16,

4.9 Description of synchronizing subroutines

4.9.1 Introduction

The use of automatic synchronizing calls of the type-
punch programs can imply a loss of potentiel computing
time if two such calls succeed each other too qulckly:
when the second call is encountered the control walts,
1f necessary, until the previous type-punch program has
been completed before actually starting on the new type-
punch program, Only when the latter has been started does
the control return to the main program. (In the discussion
that follows we restrict ourselves to the case where the
X1 does not have to attend to other mechanisms simulta-
neously: 1f, for example, a tape read program were actilve
at the same time, a large part of the walting time caused
by the typewrlter could be used by the X1 to continue
with the tape read program.)

If the time required by the typing is so much in excess
of the total time necessary for the computation that the
typewriter nevertheless operates at full speed, this loss
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in computation time 18 fictitlous. Real lcss in total
time only occurs when the X1 18 unproductive durlng a
"eoncentrated" number of calls of the type-punch pro-
grams, while the typewriter 1s not active at 2 later
stage, because the X1 1s st1ll busy forming the next
result. In the following we will describe how a compu-
tatlion of this type can be speeded up by means of a
somewhat different arrangement. We should polnt out,
however, that under the most favourable circumstances
the total speed can at most be doubled, viz. when the
times required for typing and computing are equal.
This, then, is the only case where the X1 and the type-
writer can both be productive continuously.

4. 9,2 General structure of synchronizing communication
programs

In the following the term communication program re-
fers to elther a tape read program or a type-punch pro-
gram. The diagram given below shows an automatic syn-
chronizing communication subroutine: without the walt-
ing cycle at the beginning 1t would be equipped with
semi-automatic synchronlzation.

r

Communication program
concerned actlve?

l | I

a) =

o) =§ Standard Entrance for
communication program concerned

One or more lnternal com-
munication subroutines

Standard Ex1t for communica-
tion program concerned

a) Call wilth automatic synchronization
b) call with semi-automatlc synchronization
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When the subroutine 1is called in, the X1 1s suscept-
ible and class 6 18 allowed by the interruptlion permit;
in call a) the interruption can therefore take place
and a previous communlication program of the same kind,
which may still be active, is contlinued and therefore
completed sooner or later. We now restrict ourselves to
call b) as shown in the flow diagram.

The synchronizing communication subroutine starts witn
a standard entrance and ends wilth a standard exit. The
first consists of three orders, the last of one.

The standard entrance begins by removing class 6 from
the interruptlon permit. This is done because the pro-
gram soon changes into an 1interruptlon program of class

and in every interruption program interruptions from
1ts own class are prohibited.

The next operation concerns the link, for this must
not be used at the end of the communication subroutine
but as soon as the X1 would have to wait for the appa-
ratug. The corresponding (sm) which refers back to the
maln program 1s placed In the A-reglster for this pur-
pose, and 18 thus given to a preparation subroutine as
a parameter,

The call for this preparation is the third and last
order of the standard entrance; the function of the pre-
paratlon subroutine is twofold. In the first place the
link given in the A-reglster 1s recorded amongst the
adminlstrative data belonging to the interruption pro-
gram of class 6; in the second place a note is made of
the fact that the communication program concerned 1is
(by definition!) active from now onwards. On account of
this note the preparation subroutine exists in duplicate.

The standard entrance of a tape read subroutine takes
the form
0Y 64 XS Remcve class 6
2A 8+m XO link = (A)
6T 7 DO 14 =) Preparation tape read program .
The standard entrance of a type-punch subroutine takes
the form
oY 6% XS Remove class 6
2A 84m XO link = (A)
6T 8 D1 14 = Preparation type-punch program .

The preparation subroutines change (S).
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Remark As soon as class 6 has been removed from the
Interruption permit the 6-th interruption can no longer
take place. For this reason (314) is temporarily at the
disposal of subroutine jumps and will be used exclusive-
1y between the standard entrance and exit of communica-
tion programs (see 3.6).

The standard exlt of a communication subroutine con-
sists of one jump order; as a result a note is made that
the actlivity of the program in question has been ended
again. Accordingly the exit also has two forms:

2T 42 DO A => Exlit tape read program
and
27 13 D1 A = Exit type-punch program .

In the first instance control goes to the central ad-
minlstration program of class 6; as the communicatlon
program has now been completed, the control (finally)
goes back to the maln program.

The communication subroutines that may be called in
between the entrance and exlt, must be speclally adapt-
ed to this situation. A subroutine having the structure
required is called an Internal communication subroutine.

A clear 1lllustratlion of an automatic synchronlzing
subroutine is "Punch binary tape", which can be found
at address 24 D21 et seq. During the waiting cycle the
contents of the A-register (the punch code) is stored
at address 0 X1 (see 4.9.3).

4.9,3 The calls of the internal communication subroutines

The internal tape read subroutine (the so-called assem-
blage subroutine) may only be called in between the stan-
dard entrance and exlt of a tape read program (see %.9.2).
It 18 therefore only called in when class 6 is not allowed
to interrupt and 1s accordingly called 1in by using s4jh.

The subroutine has no synchronizing analogue. We only
mention the ordinary way of calling 1t 1n:
— 6T O D10 14 =) Assemblage subroutine
= 2T 15 X2 = Point of return after det. of direct.
= 1T 3 A =» Point of return after proc. dlirective
=) Point of return with (S) = new word
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The assemblage subroutine 1s a fairly complicated
plece of program; amongst others this is shown by the
fact that control returns to one of the three addresses
that follow on the call, depending on the kind of in-
formation that was encountered on the tape.

As soon as a directlve is detected on the tape, the
control comes back to the first point of return, this
directlve not having been effectuated yet. (The symbol
that follows D can be found in A, the next symbol has
also been read and can be found in S.) If control finds
the order 2T 15 X2 here - as shown above - then the as-
semblage routine goes on to process the directive (and
more symbols are read if necessary). Finally the link
of the assemblage routine 1s increased by 1 and used
agaln so that the control now comes back at the second
point of return; as a rule it will find a jump order
here whlech directs 1t back to the call of the assem-
blage routine. This arrangement of different points of
return was deliberately chosen to enable the user of the
asgsemblage subroutine to detect the occurrence of direc-
tives on the tape and to take special measures before
or after their processing, should he wilsh to do so. A
simple application can be found in the program process-
Ing the tab-tape, that can be found at address 30 D27
et seq. The number of spaces to be given is read from
the tape by the assemblage subroutine, but when a direc-
tive occurs, control 1s redirected to the processing
cycle (see ﬁ.?.#). Further applications fall outside
the scope of this description.

However, when the assemblage subroutine 1s to deliver
a8 new word, 1its link 1s increased by 2 before it is used:
control comes back at the third point of return with the
new word In the S-reglster. When the assemblage routine
18 called in repeatedly, the words are delivered in the
order in which they are normally stored in the memory.

In the above scheme of calling in the assemblage sub-
routine, all directives pass "unnoticed”. The consequences
of the directives DA, DX and DC are restricted to the pro-
cessing cycle of the tape read program and have no effect
on the assemblage proper. The type Indlcatlons have thelr
full effect and the paragraph definitions DP are, In the
first Instance, only effective in as far as the paragraph
names specified are actually used by the assemblage. The
directive DS ends the activity of the tape read program
in the ordinary way, i.e. 1t effectuates the standard
exit 2T 12 DO A (see %4.9.2) of the tape read program. As
a result, the standard exit of the tape read program need
not be programmed explicitly in a speclal tape read program
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1f the form of the latter is such that its actilvity l1s
to be ended by the occurrence of DS on the tape. One
programs the standard exlt explicitly 1f one wants the
activity of the tape read program to come to an end for
reasons other than the occcurrence of DS, e.g. when a
fixed amount of data have been read in.

The use of this subroutine demands two fold prepara-
tion. For, when the subroutine reads the tape, this 1is
done in the way that 1s speclfied by the last type in-
dicatlon. fAnother way of saylng that the assemblage sub-
routine "remembers” the last type indication, is that
the assemblage subroutine can find 1itself in different
"states", in this case 1n as many states as there are
type indlcations. This, however, implies that the user
13 obliged to bring it into a definite state before 1t
{s used for the first time. We willl assume that initi-
ally there is a plece of blank tape under the reader,
and that therefore the "current" type indicatlon must
be set to "Skip blank tape". (The current type indlca-
tion is speclfled by a characterlstic address stored in
18 X2; for "Sklp blank tape", for example, the value of
this address is = 7 D7.)

Furthermore, in the assemblage of many units of infor-
mation it 1s essential that the assemblage routine has
already noted the first pentad of the next information
unit. (Thus the end of a number, for example, 1s indicated
on the tape by the first symbol that does not belong to
1t, 1.e. as a rule the sign of the next number.) As thils
necessity is the rule rather than the exceptlon, the as-
semblage routine consistently assumes that each time a
new unit must be assembled, its first symbol has already
been read (and can be found at address 24 X0). We are
therefore oblliged to supply the tape read subroutine with
a "sultable" first pentad before it is first used. We can
use 31 (= X, Erase) for this purpose. The entire prepara-
tion could therefore be performed by

6s 18 X2 to "skip blank tape"
25 31 A simulate
65 24 Xo first pentad = X .

23 7 D7 A ] get current type indlcatilon

The subroutine "Punch binary tape" also exlsts In the
form of an internal subroutine, be 1t with somewhat less
elegant conventlons for specifying the parameters, than
in the case of automatic synchronization, viz.:
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6T 25 D19 14 = Internal subroutine "Punch binary

tape"
with [26 x2] = punch code
[28 x2] = first address
[B] = length .

The addresses 26 X2 and 28 X2 are worklng spaces for
nearly every type-punch program: therefore the parameters
concerned may only be filled In "just before hand" (see
addresses 24 D27 et seq.) For further details we refer
the reader to the description of the synchronizing sub-
routine (see 4.6 and 4.2); however, the words (s )s (34)
and (O X1) are not modified by the internal routlne.

Next we mention one other internal punch subroutine
(but without synchronizing analogue):

6T 2 D14 1% ) Internal subr."Punch(S) in binary form" .

When control returns under the call (A) and (S) have
been modified, while (B), condition, etc, remain unchanged .
The subroutine punches (S) as binary word (parity bit in-
cluded) in six pentads (see 3.9.3).

We now glve two internal subroutines for typing.

6T 418 D22 14 =) Internal subroutine "Type (S)"
ot .. .. .. ¢ e oy DE Address for type code
Point of Return .

The internal type subroutine also types the contents
(S) according to a type code; this 1is supplled as pro-
gram parameter in the same way as to the synchronlzing
subroutine. The control returns at the address below the
type code with (S) and (B) as at the moment of calling
In., The A-register contains the type code actually used,
the condition gives the answer to the question "Was this
the last number on the 1line?". (If this was the case,
the signal NICR has already been given,)

By contrast to the automatic synchronlzing call, the
X1 has in this case completed the typlng when it re-
turns under the type code., If desired, the contents of
the A-and S-register make a final check on the typing
possible., As a matter of fact the type routine checks
the typing of (S). As, however, the S-register is not
supplled with a parity bit, we have - strictly speaking -
no guarantee that the number supplied to the type routine
was equal to the number we wished to type out, unless we
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make a check afterwards. For simllar reasons, the final
contents of the A-register are the type code actually
used.

The second internal type subroutine is
6T 4 D1g 14 = Internal subroutine "Extra line blank"

The funetion of this subroutine is the same as that of
the automatlec synchronizing analogue (see 4.7.3). When
the control returns, only the contents of the B-register
are unchanged. The condition gives the answer to the
question "Has only one signal NLCR been given?" In this
case too, the function of the subroutine can be modifiled
by changing the count = [30 X2].

Tn 1llustration, we give an example of the use of fthe
internal type routines, in which the entire layout admil-
nistration 1s dealt with by the synchronizing program.
Let the computation form 1ts results one line at a tlme
and offer them to the type program. This type program
must see to 1t that fifty lines are typed per page and
also a copy of the first line of the following page. A
"heading" must be typed at the top of each page.

In the following flow dilagram of the computation we
agsume that the table starts at the top of the page.

Start

o=t
and further preparatlon

Calculate next line, l.e. X

Subr. "Type line, i.e. xi"
| (with automatic synchronization)
|

The test for the end of the table has been omitted in
the above diagram. The results of the computatlon are
stored per line at a number of addresses, reserved for
the variables Xy3 these addresses are to be regarded as
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working spaces for the computing mailn program and as
"parameter addresses" for the subroutine "Type line",
which is now given.

i
:% Type-punch program active?

A—

Standard entrance type-punch program

Transport: X{=>V1
t = 07

I_.____

Type "heading'"
1=t

Type the numbers y, on a line
(using the internal %ype routine)

t - 1=t > 07

L

Standard exlt type-punch program

The test "t = 0?" was introduced in order to type the
very first line only once. The transport x, - Y1 1s ne-
cessary because the one line still has to %e typed while
the maln program is already engaged in the calculatlon
of the new values xy for the following line. The address-
es for the numbers yi are to be regarded as workling space
belonging to the type-program; it is strictly forbidden
territory for the main program!

%.9.4 Structure of the internal communication routines

In internal tape read programs the tape read order (see
2.6.6) need not occur explicitly. In order to obtailn the
value of the new pentad we make use of:
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6T 15 DO A4 =) Tape read program 'Walt switeh" (LWwW)

Control returns under the call with complete restoration
of the status quo. The subroutine investigates whether
the tape read order can be executed at this moment with-
out delay. If so, control returns immedlately under the
call; if not, the tape read program is temporarily stopped
and a main program (viz. that following on the synchro-
nizing call) is continued, until the tape read order can
now be executed again without delay. The main progran is
then interrupted and the tape read subroutine 1s conti-
nued under the call LWW, When the control returns under
the call of LWW the following pentad has, however, al-
ready been read and stored in address 24" X0. The tape
read program 1s therefore organized as though the X1 were
equipped with a tape reader that has to be stepped up ex-
plicitly (by the subroutine call LWW), after which the
pinta% can be read repeatedly (being the contents of
24 X0).

Internal type-punch programs are organized somewhat
differently. Here the communication orders concerned
(see 2.6.7 and 2.6.8) are actually used. In using these
orders, which place the flexlbility of the elementary
code of the X1 entirely at the dlsposal of the program-
mer again, one rule must be strictly obeyed: the X1 must
have executed the subroutine

60 15 D1 A4 =) Type-punch program "Walt switch" (TPWW)

once and only once before every type or punch order. As
above, control returns under the call with complete res-
toration of the status quo, but it only returns as soon
as the next type-punch order can be executed without de-
lay. It is not necessary that the type-punch order now al-
lowed follows the call TPWW immediately: a number of or-
ders may be executed first but not the call for one of
the Internal type or punch routines mentioned (see %4.9.3),
for these, in their turn, contain a call TPWW before the
first type-punch order. In that case the necessary alter-
nation would be disturbed.

The echo order, as used In the checking type subrou-
tines, gives rise to a minor complication, for the echo
order may only be given when the next type-punch order
could be executed without delay. To obtain the echo of
the last digit of a number an additional call TPWW must
therefore be given. If no further layout signal 1s sent
to the typewriter now, we can restore the disturbed al-
ternation by the call

6T 24 D1 1% =) "Obliterate TPWW"
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This subroutine call, which destroys (S), brings the
central program for class 6 back Into the state it would
have had 1f a type-punch order had been executed last.

Now a TPWW can come agalin without 111 effect (or, as the
case may be, the standard exit of the type-punch program).

4.9.5 The interruptlon of class 6

When the interruption of class 6 takes place, the sub-
routine jump (stored at address 6 D16)

6T 26 D1 14 X

1s executed. (The only difference in the execution of
the interruption subroutine jump 1s that the increase
In the order counter T is suppressed and that the X1
automatically becomes unsusceptible.)

The interruption only takes place if class 6 1s allowed
by the Interruption permit, if the X1 is susceptible, and
1f at least one of the two Interruption signals of class
6 1s present. Which Interruption slgnals are present, be-
comes apparent when the 6-th class word 1s read (into A
by the order 6Y 4 XP):

dp = 1 1interruptlon signal from tape reader present,

d, = 1 Interruption from typewriter or tape punch
present.

When these signals are absent, the corresponding blts
are = 0; the more significant bits of the class word are
always = 0.

As soon as the class word has been read out the inter-
ruption signals detected cease to exist (see 2.7.3). For
class 6, however, this 1s not the only way of ending the
Interruption signals. Should a tape read order be glven
whlle the corresponding interruption signal is still
present, the latter disappears; a new Interruption 3lg-
nal only appears when, following on the last tape read
order, a new one can be executed again without delay.
The same applles to the other interruption signal with
respect to the tape punch and the typewriter. (In the
communicatlon program discussed here, we do not make use
of this property.

Furthermore the communication orders are equipped with
an automatlc blocking, should the control encounter two
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such (similar) orders too quickly after each other, 1.e.
the second order 1s blocked as long as the interruption
signal is still to come. Only when this moment has ar-
rived, the executlon of the order 1s completed, and the
previous communication order does not engender an Inter-
ruption signal.

The communication program makes use of this automatic
blocking In its reactlon to the tab-tape (see 4.7.4),
where a number of space signals are sent to the type-
writer in the middle of the tape read program (see
address 30 D27 et seq.). It is, however, not our inten-
tion that extensive use should be made of this blocking;
it is primarily an electronic safety measure to protect
the apparatus in the case of program errors. Apart from
the fact that this use of the automatic blocklng may
imply a loss of useful computing time, there 1s another
complication. When any interruption signal has arrived,
the actual interruption is (at least) postponed until
the eurrent order has been completed. Once orders are
introduced that may take 100 ms, there 1s a risk that an
urgent interruptlion must be postponed for the same perlod
of time. This could be fatal. During the reading of the
tab-tape, however, these difficulties do not arise.

The situation that one of the three mechanlsms would
accept a next communlcatlion order only with some delay,
ia echaracterized under all circumstances, by the fact
that the corresponding interruption signal is stlll to
come. The central program for class 6 keeps a record of
this situation in the four least significant bits of
(26 X0) = "state record class 6". Numbering the dlgits
from right to left, we specify:

dg = 0 a tape read order can be executed lmmediately

= 1 +the program wlll postpone the execution of the
next tape read order until the X1 has recelved
an interruption signal from the tape reader

d, = 0 a type-punch order can be executed lmmedlately

= 1 +the program will postpone the executlon of the
next type-punch order until the X1 has recelved
an Interruptilon signal from the typewriter or
the tape punch

dg = 0 there 1s a tape read program actlve
= 1 no tape read program 1s actilve
d3 — 0 there 1ls a type-punch program actlve

= 1 no type-punch program ls actlve
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Besldes these four blts, the central program for class
6 handles three "states" of the machine.

TE6 = the state of the machine in the external program
at the moment that 1t was interrupted by a slgnal
from class 6.

T = the state of the machine in the tape read program
where it was broken off by LWW.

Tep = the state of the type-punch program when 1t was
P broken off by TPWW,

These "states" each refer to the contents of the regis-
ters A,S and B together with all that 1s recorded in the
1ink by a subroutine jump, 1.e. the contents of the order
counter, the interruption permit, the conditlion,etc. (see
2.7.2). For the recording of each of these three states,
four specific addresses are reserved in the memory.

The operation that is denoted in the diagram by "STATE
= T1" only takes place in the central program after en-
try via a subroutine jump: the current contents of the
registers A,S and B, and also the 1link Jjust formed, are
filled in in the four reserved storage locatlions. The 1n-
verse operation 18 indicated by "Ty=> STATE"; here the
status quo 1s restored in four orders, viz. a 2A, a 23
and a 2B order and finally a restoring jump (see 2.4%.3
and 2.7.2).

Block 1 describes the beginning of the Interruptlon pro-
gram of class 6; here the fourth word of the "state" 1is
derived from the link formed by the (inserted) interrup-
tion subroutine jump. Next class 6 is removed from the
interruption permit. (This is a particular case of "the
class itself and the classes of lesser priority": every
other class has priority above class 6.) After this the
X1, which became non-susceptible due to the execution of
the interruptlon jump, 1s made susceptlble again: from
this point onwards interruptions from all other classes
may take place again.

Block 2 represents the standard entrance of a synchro-
nizing read subroutine, block 3 that of a synchronlizing
type-punch subroutine. The link to be filled in In the
fourth word of T.. 1s the one formed in the execution of
the subroutine jﬂ%p from the main program to the synchro-
nizing subroutine: 1t is the link that 1s given In A as
a parameter to the corresponding preparation subroutine
(see %.9.2). (N.B. In these blocks, as in the standard
program, the speclficatlon of TE6 does not automatlcally
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iInclude the reglsters A,S and B; as a result, control
will in general return to the main program under the
call with the contents of the reglsters A,S and B
changed.) s the program 1s on the point of becoming
Interruption program of class 6, class 6 must be re-
moved from the Interruption permit and this must be
done before Trg is fllled In! Finally ds or ds 1s
made = 0. From now onwards a read or type-punéh pro-
gram 18, by definition, active.

In the dlagram only the central program for class

6 is enclosed by lines. Some plece of communication
program 18 represented immediately below blocks 2 and
3. The only necessary requirement 1s that it 1s exe-
cuted with class 6 removed from the interruptlon per-
mit, and that the subroutine call LWW or TPWW respec-
tively 1s executed once before the first contact with
the apparatus concerned.

In blocks %4 and 5 a record is made of the state of
the corresponding communication program. For, we have
arrived at the point where the machine will decide
whether the communication program can proceed without
delay or not.

In block 6 the inverted class word is collated with
the "state record class 6" = (26 X0). When an inter-
ruption signal has been read out, there is a 1 in the
class word, 1.e. 2 O in 1ts inverse, and the digit
(dp or dq) of the state record therefore becomes = O.

Readlng of the tape must be postponed if dg = 1, for
in that case an interruption signal from the tape reader
1s s8till to come. Once it has arrived, 1t wlll be read
out sooner or later in block 6, and dg will become = 0
as described above. At the end of block 6 the question
1s asked whether dy and dp are both = 0. (This is done
by collating the state record with the number +5 and
asking whether the result equals zero.) As a matter of
fact the X1 wlll only continue wlth tape read program
1f a double conditlon is satisfied: apart from the fact
that it must be possible to read the next pentad imme-
dlately, 1t must be of iInterest! If these conditions
are both satisfled the control proceeds to block 8,

In block 8 a pentad 1s read and copled into 24 X0. In
addition, the diglit dg is made = 1 in order to prevent
an affirmative answer to the question at the end of
block 6, before a new interruption signal from the tape
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reader has arrived. Finally, the substitution "Tq=>
State" causes the tape read program to be contlnued
below the last LWW executed.

If the question at the end of block 6 recelved a
negative answer - which can happen, for instance,
when two calls LWW succeed each other sufflclently
quickly - then control goes to block 7. Here the ana-
logous question is asked with respect to the type-
punch program (by collating the state record with
+10). In the case of an affirmative answer the con-
trol goes to block 9.

The function of block 9 is analogous to that of
block 8, only the actual execution of the communica-
tion order is left to the type-punch program that is
now to be continued. In the central program of class
6 this order is anticipated by the substitution 1=
dq. If thls anticipation should be Incorrect, then
the type-punch program must perform the call "Oblite-
iate4?wa‘; 1ts functlion is to substitue 0 =d, (see

L9.4).

If the questicn in block 7 also has a negative answer,
then block 10 follows. The substitution "Tgg =>State”
results in the continuation of the external program.

At this moment class 6 re-enters the interruptlon per-
mit. While a communication program is active, control
can only arrive in block 10 1f the correspondlng in-
terruptlon signal was stlll to come.

After block 10 the period of time that elapses before
that interruption signal arrives, 1is utlilized by the
external program; as soon as the interruption signal
has come, control jumps to block 1 and the communica-
tion program ls continued.

Blocks 11 and ‘12 are merely the standard exits for
tape read and type-punch programs respectlvely.

In thls scheme we have made use of the fundamental
possibility of reading out interruptlon signals that
did not result in actual interruptlons (because the
interruption permit did not allow them).

4.9.6 Autostart 2 and the directive DE

From the precedlng paragraph it 1s apparent that the
interruptlon program requlres some preparation. For,
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1f one of the blts dg or dq of the state record of
class 6 happens to bé = 1 without the corresponding
interruption slignal actually being due to come, then
the correspondling communicatlon program never starts
working! When the X1 1s switched on, no interruption
signals are present: the state record of class 6 must
be set accordingly. This 1s done with the ald of

Autostart 2: Preparation class 6

The state record of class 6 = (26 X0) 1s gilven the
value +12, l.e. no communication program is active
and the X1 1s not to wait for interruption signals
from class 6. Furthermore +12 is filled in (for the
time being) at addresses 30 X2 and 31 X2 (= current
number count per line and = number of numbers per
line, respectively); thls also happens at the three
addresses that are reserved for the contents of the
reglsters in TE6'

It 1s immaterilal what 1s filled in In these last
addresses, as long as something is filled in there;
swltching the machilne off or on may have disturbed
the parity of the words in the memory and this should
be restored. Finally, a constant is filled 1n at
address 25 X0. By modification of this constant it
1s possible to insert a translatlon program between
the reading of a (physical) pentad and the delivery
of a symbol in 24 X0 (see 4.9.7). Autostart 2 sets
the tape read program to "no translating".

Remark Once the machine is switched on, but before
autostart 2 1is used, the keyboard program should be
brought to 1ts neutral state by means of autostart H.

In this connection we should like to point out that
the directive DE leaves the tape read program active.
The directive DE can therefore be used for an exten-
slon of the facilitles of the tape read program, after
which the tape read program can be continued. If one
wlshes to use the dlrectlve DE at the end of a program
tape in order to start the calculation immediately,
then the program should start with

28 A2 A }set interruptlon program class
6A 26 XO 6 to neutral state
0T 21 D21 P X1 susceptible and all classes

allowed
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The constant in address 21 D21 has zero's in the
address portion, as a result the OT-order does not
jump. The other bits ensure that all classes are in-
cluded in the interruptlon permit and that the X1 1s
made susceptible.(This 1s the normal state of the X1.)
At the same time the condition becomes affirmative,
the last sign positive and the overflow indicatlon 1is
cleared.

4.,9.7 The possibility of translation

The central program for class 6 (see 4.9.5) 1is
stored 1n the dead memory and can therefore not be
altered by the programmer. There 18, however, a pos-
81ibility of "escape" in block 8; after the operation
1=>dg the X1 performs the jump order 2T 25 X0. Nor-
mally address 25 XO contalns a constant, viz. the
address 418 D1, which leads to block 8 being continued
as described above. By filling in a different address
at 25 X0 one can, amongst others, replace the opera-
tion "read pentad — (2% X0)" by a more complicated
process, in other words provision has been made for
pentad translatlon.

In the following the confilgurations read from the
tape will be denoted by "pentads"; for the purpose of
distinction the numbers In address 24 X0 that are con-
secutively offered to the tape read program will be
denoted by "symbols".

The ‘simplest translation program derilves (from a
table for example) a definite symbol from each pentad.
We will now describe the structure of a more compli-
cated translation program which meets the requlirement
that 1t should be possible to derive more than one
symbol from cne pentad and, conversely, to derive only
one symbol from a number of pentads. The word (25 XO)
should equal the first address of the translation pro-
gran.

This translation program can find i1tself In different
states and therefore demands a sultable preparatlon.
The various states of the translatlon program can some-
times be characterized very efficlently by different
values of (25 XO).

The jump to (25 X0) also enables us to call in the
asgemblage routine (see 4.9.3) and at the same time
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'

finy symbols in symbol store yet?

Read and process 0=dg

a pentad; has at T

least one symbol —]

then been put into

the symbol store? Transport from symbol
l store a symbol=s (24 XO)

l : T1=$ State

to block 6 (see 4.9.5)

to have a 1list of the individual pentads used at our
dlsposal when control returns under the call. For a
last application see 4.10.

4.10 Mutually synchronized input and output

We have descrlbed a set of communicatlion programs
as acting in conjunctlon with a certain maln program,
that may want to use informatlon provided by the 1nput
and may want to print or punch the results. The syn-
chronization always covers the maln program on the one
hand, and one or both communlication programs on the
other hand. In this interplay the maln program may
have to walt for the completion of a communication
process, conversely the communication programs will
only be started when certain polnts in the main pro-
gram have been reached. In the first instance input
and output are asynchronous with respect to each other.

They may be coupled indirectly, for instance when a
certaln result to be typed or punched out requlres a
number of data from the input for 1ts construction.
Until now such coupling was accomplished by the maln

rogram!

Our next problem 1s to construct a program that reads
a tape and types and /or punches out data dependling on
what has been read. One of the simplest examples is
merely reproducing a tape. Another example is typing
out the binary words from a tape in decimal form. In
the latter case a number of symbols to be typed out
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are derived from a group of consecutive pentads each
time .,

We now demand that 1t must be possible tc execute thils
program simultaneously with any other program; at first
we restrict ourselves to the case that the latter pro-
gram does not use any of the mechanisms of class 6.

Standard entrance of tl
the tape read program;
fill in a
"sultable" Tgp

b 4

! )
| 1
| i
! output TPWW 1
| of ¥y ype-punch order :
| ]

O=> d3l3— ﬂgdn}}“ 0= do

2
X=x ¥ X=>Y¥

The program 1s constructed as a (seml-automatic)
synchronizing communication subroutine. Because 1t
must be possible to combine this program wlth any
program, we cannot expect the subroutine jump to
block 1 to occur in the latter program. In order to
start the above communication program, one stops the
X1 at a point in the main program, places the subrou-
tine jump to block 1 In the word switches, and lets
the X1 execute this order once by means of the key
"D0" (see 2.8). Using the start key BNA one lets the
computation proceed. It 1s necessary that one should
have stopped the X1 at a polnt where use 18 not belng
made of the link whleh 18 given a new value by the
subroutine jump in the word switches! Furthermore, we
assume that the X1 1s then in the normal state, i.e.
susceptible and all interruptions allowed by the in-
terruption permit. Finally the main program must leave
the addresses of the communication program (and 1ts
working spaces!) intact.




~115-

The dlagram shown by blocks 1 to 7 omits some de-
talls; in particular it does not show how the process
ends.

In block 1 the standard entrance of the tape read
program takes place; in additlion the four addresses
regerved for Ty, are glven such values that the first
operation "Ti,=> State" causes the type-punch program
to start its activitles correctly. (It is assumed that
these values are Independent of information still to
be read. If necessary, the type-punch program can pur-
posely be arranged In such a way that this requirement
is met.)

The Information read from the tape denoted by "x";
this 1s handed over to the type-punch program, which
types or punches "y", by the transport "x = y". Poss-
ible additlonal processing of this information (trans-
lation etc) may take place either when x is formed or
when y is glven to the output; these operations are not
indicated in the dlagram elther. It 1s essential that
the storage space for x and that for y does not over-
lap: while the type-punch program sends one unit of
information from (the addresses for) y to the output,
the following unit of information 1s being built up
in (the addresses for) x by the tape read program.

After block 1 a new x 18 contructed from one or more
pentads. Thereafter the program investigates whether
d3 = 0 In the state record of class 6 (see 4.9.5),
1%e. in block 2 the question "Type-punch program ac-
tive?" 1s asked. (The asking of ‘this question, 1.e.
the analysis of the corresponding digit of (26 X0)
must be written out in full, and may not be performed
with the ald of the subroutine call: 6T 5 D1 0 = "Type-
punch program active?" as we may not use 8 X0 without
precautions!) To start off with, the question 1n block
2 recelves a negative anawer.

In block 3 the substitution O:g,dB makes the type-
punch program active; the transport”x = y offers the
Information for the output to the type-punch program,
and the tape read program proceeds to build up the
next Information unit x.

If the question In block 2 received an affirmative
answer, thls meant that the output of the previous y
was not yet complete. Accordingly the transport x =y
does not occur in block 4, where the substitution
1=>do temporarily stops the activity of the tape read
program, which is already more than one information
unit ahead. The tape read program is continued up to
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the first IWW but, for the time being, control will
not return to 1it.

The first time control enters the type-punch pro-
gram will be after the execution of block 3; the
point where control then enters the output program
was specified at the end of block 1.

In block 5 the question is asked whether d», = O,
i1.e. whether the tape read program is stilll actlve;
if not, control enters block 6.

Evidently the tape read program was made non-actlve
in block 4 and as a result the transport x=>y did
not take place. Therefore the transport takes place
in block 6 and the temporarily stopped tape read pro-
gram becomes active agaln due to the substltution
0= de.

Control arrives in block 7 when the tape read pro-
gram 1s still active, l.e. when 1t has not yet com-
pleted the bullding up of the following x. The type-
punch program is left no alternative but to end its
activity for the time being by means of the substitu-
tion 1—>d5. As soon as the construction of x has been
completed, "the question in block 2 willl detect that
the type-punch program 1s walting.

It is apparent from the dlagram that after the stan-
dard entrance in block 1 at least one of the bits d
or d2 is = 0, 1.e. all the time from then onwards a%
1eas% one of the two programs 1s active. As a result
control can only arrive in the external maln program
if at least one interruption signal 1s still to come.
Socner or later, therefore, control will return to the
communication program. There 1s not the slightest ob-
Jection to prohibiting the interruption of class 6 1in
the main program for a while, e.g. for an interruption
program of greater priority. In a like manner there 1s
no difficulty at all when the communicatlon program
described here is interrupted by an interruption of
greater priority.

It is not lmprobable that the external program willl
be somewhat slowed down by this additlonal task: in all
normal applications thls effect will be practlcally ne-
gligible. If the overall speed of the external program
1s 1imited by the capacity of (other!) communicatlon
mechanlsms, so that the X1 has a surplus of computing
time, then the additlonal task may leave the speed of
the main program unaffected: one makes more efficient
use of the X1.
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In the scheme just described the input can, at most,
be two Informatlion unlts ahead of the output, By pro-
viding more storage space for buffering the whole pro-
cess may be speeded up in some cases (e.g. If, as a
rule, the Input program requires less time per unit
than the output, but it occaslonally has to skip a
long piece of tape). The program then becomes more
complicated, but from the point of view of mutual syn-
chronization 1t contains nothing new. As in all proba-
bility this program will be executed in the spare time
of a main program, there is In thils case probably little
Interest in speeding 1t up this way.

Finally: in this example no use has been made of any
knowledge of the times requlred by the input of x and
the outnut of y. Even if, In certain cases, one knows
these times and thinks one can make use of this know-
ledge by omltting some test with respect to the syn-
chronization, we nevertheless strongly discourage one
to do so. For example, the ldea that after the output
of an Information unit the input of the next unit has
already been completed (the tape reader belng a faster
mechanism), should never tempt anybody to omit the test
In block 5 and the substitution in block 7. If the tape
gets stuck, the tape reader will not send an Interrup-
tion signal to the X1 until the difficulty has been re-
moved and the tape moves on. Furthermore, one should
realize that, in view of the fact that our communication
programs are subject to interruptlons from other class-
es, one only knows minimum times! In conclusion: if one
does not take all possible precautions, a complete chaos
seems unavoldable.

Next we turn to an analogous problem. The program re-
quired nust read a2 tape and another tape must be punched
dependent on what has been read. It must be possible,
however, to execute this program simultaneously with an
unknown main program, which uses nelther tape punch nor
tape reader, but may use the typewrlter. The fact that
the tape punch and the typewriter send the same inter-
ruptlion signal to the X1, makes thls problem consider-
ably more compllicated than the previocus one.

As punching and typing are mutually exclusive, we spe-
clfy that the typlng of the main program must have prilo-
rity above the punching. Obviously 1t 18 pointless to
ask our program to work together with a main program that
makes continuous use of the typewriter! Again we demand
that all precautlions to be taken occcur 1n the additional
communication program. We demsnd of the main program that
1t leaves the working spaces of the standard tape read
program untouvched.
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Since 1t must be possible to interrupt the "punch
Program" in favour of the type program at the first
'summons” of the main program, we leave all common
standard type-punch facllities at the disposal of the
type program and accept the fact that no use 1s made of
the standard punch subroutines. For: the latter make
use of the same working spaces as the standard type
programs, and information astored there for the pur-
pose of punching would be in continuous danger of
being destroyed by the type programs.

The worklng spaces previously allocated to the type-
punch program are now regserved for the typing in the
main program and new working spaces are introduced for
the punch program. In partlcular, In this interplay
the four addresses Tgp wlll record the state of an
interrupted type program and four new addresses are
introduced to record the state of an interrupted punch
program; their contents will be denoted be Tpunch 9

To £111 these addresses, we program a new subroutine
entrange, called Punch WW, to the central program for
class b:

=) [ State :»,Tpmch .

Tt is analogous to blocks 4 and 5 in the diagram in 4.9.5.

We modify the function of the bits d, and d3 of the
state record of class 6; furthermore we shall”also make
use of dy and ds.

dp = 0 and permanently so, to be able to make use of
the possibility of translation (see below)

d3 = 0 type program active, otherwlse = 1
dy = 0 tape read program active, otherwise = 1
dg = 0O punch program active, otherwise = 1 .

The diagram of the program that reads and punches 1is
analogous to the prevlous one.

Tn order to let this scheme work, in particular in order
to let the new bits of the state record functlon properly
we must interfere with the operation of the central pro-
gram of class 6, as it was described In 4.9.5. We do so
by changing the address In 25 X0, the translation possilbi-
1ity. If we now choose dpo = O permanently, we can always
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O=>dy, 1=d

F111 1n 4 "suttaBie" 5

Standard entrance of the
read program (incl. 0=>dp)

unch

punch order

l A—— r

I
|
Punch WW !
!
!

0=dy 1= dg
X=Y¥

L

Interfere as long as reading 1s permissible. When the
Jump to (25 X0) 1s executed the substitution 1=>dg
has already taken place In anticlipation of a read order.

from block 8

1
both d; and d, = 0? L Ompdy; 1=>dq
— | T, p=> STATE
15 I 16
both dg and dq = 0 0=>dy; 1=>d,
= Tpunch = STATE
1
a = 0? £ read pentad=s (24 X0)°
| S T1 = STATE
0=d 19
Toc = STATE
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As the blocks in the diagram in %.9.5 - of which
this 18 an extension - were numbered from 1 to 12,
the blocks In this diagram are numbered from 13 on-
wards.

Since ds 1s = O permanently, the answer to the
question %n block 6 depends only on dg: when an in-
terruption signal from the tape reader 1s stlll to
come (1.e. dg = 1), block 7,9 and 10 will functlon
normally, 1.e. typing will then take place 1n the
ordinary way.

The address in 25 X0 directs the control from block
8 to block 13, after substituting 1= d,. In order to
be sure that we are not golng to punch when we should
type instead, block 13 starts off with the question
that control would otherwise have met in block 7. If
the answer is affirmative we continue the type program.
Block 14 1s analogous to block 9.

If a negative answer 1s glven to the question in
block 13 (i.e. no typing), we Investigate In block 15,
whether punching must tape place, 1if so, control 1s
gsent, in block 16, to the punch program.

If not, the program in block 47 finally investigates
whether the tape read program is to be continued. Here
only d4 is considered, for it is known that the Inter-
ruption signal from the tape reader has already arrived
(this was established in block 6).

Block 18 is analogous to the continuation of block 8.

When reading is not allowed elther, the control re-
turns to the main program via block 19.

The test whether the tape read program 1s to be contl-
nued takes place in block 17 after it has been established
that there is not to be typed or punched. The reason for
this 1s that dn will be = 1 for some time after an affir-
mative answer gas been glven to this question: during thils
period control will not enter blocks 13 to 19.

Agaln we can deduce (but now from the fact that at least
one of the bits dy or dg will be = 0) that control will
not be sent to the main“program unless an Interruption
slgnal from class 6 1s to come. For this purpose it is
esgsential that control goes to block 6 on leaving block
12 and that it does not go directly to block 10! For,
after block 14 no interruption signal from the tape reader
is Bt1ll to come: 1f, firstly, only an echo order 1s exe-
cuted in the continuation of the type program, secondly,
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the substitu*ion 1 =d, 18 annihilated by the call
"Obliterate TPWW" (see 4.9.%) and, thirdly, the
standard exit of the type program then follows, it
18 essential that elther reading or punching takes
place before the main program 1s continued.
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5 SOME SPECIAL ASPECTS OF THE COMMUNICATION PROGRAM

In the previous section the communication program was
described, emphasis being particularly lald on the fact
that it is an interruption program; after an additional
remark in this connection the rest of this chapter is
devoted to a number of other aspects.

Ags already mentioned in 3.6, the communication program
uses no counting jumps and only subroutine Jumps with
m= 14 or = 15. Without this restrictlon the "state"

%see %.9.5) would also include a number of (ry)'s and
sm)'s, which would retard the recording and Phe restor-
ing of states. As per interruption of class 6, only a
amall number of bits of informatlon are transported to
and from the external apparatus, this would not be advan-
tageous. In dealing wlth punched cards, for example, the
situation is quite different: in that case there 1s one
interruption for at least one whole card and then 1t will
be worthwhile to streamline the interruptlon program 1t-
self at the cost of more elaborate recording and restor-
ing of states.

5.1 The communicatlon program in the dead memory

The fact that there are no C-corrected orders in the
communication program 1is &2 trivial consequence of its
being designed to be stored in the dead memory. Thls
lagt fact, however, had a number of other consequences.

Programs 1n the dead memory make use of a number of
fixed working spaces in the llving memory: as the com-
mmnication program, an interruption program, is execu-
ted at moments hardly known to the main program, we
may Just as well regard these working spaces as entire-
1y reserved for the communication program. For thls
reason 1t was the more desirable to keep the number of
such working locations as small as possible, be 1t at
the cost of some program space!

Furthermore, special steps had to be taken with regard
to the possibility of extension of the facilities of the
communication program. For technical reasons it was de-
sired to concentrate all words of which modification could
be expected, 1n two consecutlve pages; D16 and D17 were
chosen for thls purpose.

At all points at which extension was expected (zmongst o-
thers more - and multiple - autostarts and more directives)
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the standard program restricts 1tself to the detection
of the situation for which no program 1s Included yet.
In most cases control then jumps to address 23 X2 or

24k X2, reserved for this purpose. (Despite the "merging"
1t 1s then possible to trace which situation was en-
countered.) The jumps &o 23 X2 and 24 X2 enable us to
actually try out and use certaln extension possibili-
ties by means of a plece of program in the 1llving memo-
ry, before any actual modification 1s made in D16 or
D17, 1.e. before the extension 1s definitely included.

5.2 Extension possibllitles of the keyboard program

5.2.1 TInput of fleating point numbers

The program that handles the input of floatlng point
numbers by means of the keyboard 1s not included in the
standard program; what has been included 1is the detec-
tion whether somebody is using the keyboard for the
Input of a floating point number. In that case the ex-
tension program can find all relevant data in the memory.

After the last digit of the numerical part the decimal
exponent 1s pressed in (preceded by 1lts own silgn) and
afterwards one presses the key F. If the expcnent is = 0,
1t may be omitted. To introduce, for example, +23.4 one
may press

+ 23,4 F
+ 234 42 F
+ 0.234 +2 F
+ 23.4 -1F

Two addresses 1n page D16 are connected with this ex-
tenslon: in the final version address 24 D16 must contain
the address at which the keyboard program must be conti-
nued when either the F or the sign of the exponent has
been detected. Address 25 D16 provides the extension possi-
bility for the subroutine for the conversion from floating
decimal to floating binary notation, viz. for the case
where the given declimal exponent is » +0. (For the case
§€ -0 the subroutine has been Iincluded: the conversion of
flxed point numbers makes extensive use of it in both the
input via the keyboard and via the punched tape.)

To make this extension logically possible we were com-
pelled to prescribe the pressing of key H (to bring the
keyboard program back to its neutral state, (see N.E)]in
case of an error: otherwlse the next sign would be mis-
taken for the sign of an exponent.
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5.2.2 Multiple autostarts

No meaning has been assigned as yet to the three
sutostarts ., F and G. (Addresses 18, 21 and 22 D16).
In order to be able to introduce more than three new
autostarts, they will probably all three be used as
introductory symbols of so-called "double (or poss-
ibly multiple) autostarts". Again, only the detection
facility was included in the standard program. The
"state record of class 7" = (27 X0) 1s > +0 during
the input of numbers, is = -0 during the neutral state
of the keyboard program; the latter now also tests,
whether (27 XO) happens to be < O. This will be the
case as soon as the introductory key of a multilple
autostart has been pressed. In the final verslon, l.e.
with the extension included, address 23 D16 contalns
the address where the keyboard program will then have
to be continued.

5.3 The extension possibilities of the tape read
program

In all type indications dealt with, the assemblage
routine remains sensitive to all directlves, l.e. to
the introductory symbol D. The lines of page D17 are
in one to one correspondence to the 32 possible sym-
bols that can follow this D. A Jump order to some
point in the dead memory 1is filled in at the corres-
ponding line for the incorporated directives, for the
time being there is a Jump order to the address 24 x2
on the remazining lines. When a not yet incorporated
directive is met, control therefore arrlves at 24 X2
in the living memory. For detectlon purposes the sym-
bol following the D can be found in the A-reglister,
while the following pentad is recorded in S(and 24 XO).
Definite inclusion of a new directive lmplies modifi-
cation of the corresponding line of page D17.

As the reader wlll realize, the maximum number of
directives 18 not restricted to 32: the number of di-
rectives can be extended at wlll by a technique simi-
1ar to that used in the double autostarts (see 5.2.2)
The most obvious extensions are additional type indl-
cations.

Due to the type indications the information on the
tape could be punched in different codes and these
codes are entlrely independent of each other. The end
of a number on the tape, for example, (under type in-
dication DN, see %.1.3) 1is indicated by the first
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symbol of the next informatiom unit, 1.e. a slgn, D

or X. If it were permlssible for a number on the tape

to be followed without warning by an order, the detec-
tion of the end of the number would become consldera-

bly more complicated if not impessible: for, an order

can begin wlth one of the digits O to 7.

This convention costs some extra symbols on the tape
as soon as "the type" changes: the indivlidual codes,
however, belng independent of each other can be made
more efficlent. The total effect of the Introductlon
of the type indicatlon 1s that tapes are probably some-
what shorter. The most important argument in favour of
the introduction of type indlicatlions was, however, that
thereby the possibility of unrestricted extenslion was
retalned.

In thls connectlon we should like to draw attentlon
to the possibility of constructing type Indicatlons
under which the assemblage subroutine temporarily be-
comes "blind" to directives. It is only possible to
detect a directive if no Iinformation unit starts with
a D: once information unlts are allowed to start with
the symbol D, the assemblage routine must be Insensi-
tive to normal directlves. In that case one therefore
chooses some kind of conventlon to announce a dlrective
or to end the validity of the type indlcatlon concerned.

In the second place, we should like to mentlon the
possiblility of making type Indicatlons under which in-
formation units are constructed that occupy two (or
more) words in the memory, e.g. double length numbers
or floating point numbers.

When the assemblage routine 1s called 1n for an In-
formation unlt of this kind, control returns for the
first time with the first assembled word; at the next
call no tape 1s read but the next word that was still
in store 1s handed over., In other words as many states
of the assemblage routine as theres are words derived from
one Information unit correspond to such a type indlca-
tlon.

When the assemblage routine encounters a directive
that announces a multiple-word-type, not only must the
type be recorded, but the assemblage routlne must also
be brought into the corresponding lnitlal state. As a
matter of fact the type indlcation 1s recorded by flll-
ing in an address at location 18 X2; the assemblage
routine reacts to this specificatlion of the current
type indication by Jumping (in its third order, see
address 2 D10) to the address indicated there (by means
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of the order 2T 18 X2). The contents of address 18 X2,
or only the more slgnificant bits of thils word, are
particularly sultable for distinguilshing between the
different "sub-states" of the assemblage routine that
then succeed each other cyclically.

5.4 Some closing remarks

The design of the X1 can be regarded as an effort to
pass, as successfully as possible, between Scylla and
Charybdis, viz. complexity and ease of handling. In the
above we have described our efforts to make thls narrow
passage look llke an open sea.

A large number of these efforts concerned the notatlon
of the orders. Thus the position of the columns In which
the programmer writes down the variants was purposely
chosen so that they can be logically read from left to
right. First one notes whether the order should be "part-
ly or sometimes not" executed, next comes the kernel of
the order, immediately following the address one writes
down the varlant of address modification and finally one
specifies whether, and 1if so how, the order finally sets
the condltion.

Due to the use of two paragraph letters, the flrst of
which can be omitted in most cases, the address notation
is able to cover a large memory when necessary, but in
such a way that it does not lead to an unnecessarily
cumbersome notation as long as the program requlres only
a small memory.

The subdivision of the memory into pages of 32 lines
was chosen so as to make the correlatlon between the
address as it 1s written down and its binary representa-
tion as simple as possible. It was a lucky colncldence
that 32 lines is a conventlent number for a standard pro-
gram sheet, that all kinds of five hole paper tape mecha-
nisms are commerclially avallable and that - as experlence
has shown us - most people have little difflculty 1n re-
cognizing bilnary numbers of flve digits immedlately, and
conversely in putting them in switches without hesitation.

In the notation of the function part (with the excep-
tion of the P-orders) we also adhered to the principle
that the programmer and the operator can find the binary
representation from the programmers symbols and vice versa



-127-

without calculatlion or the use of extensive converslon
tables, Without these features the faclllitles of the
operator's desk could never be used to full advantage.

The last aspect of the complexity of the X1 1s shown
in the interruptlion facility. The communicatlion routines
described serve a double purpose: on the one hand it 1s
hoped that they form a well balanced set whlch the pro-
grammer may use, payling practically no attentlon to the
problems of parallel programming, on the other hand it
18 hoped that they provide the more ambitious programmer
all the facilities he may need for more refined work in
this fileld.

Finally: the introduction of the autostarts conslder-
ably Increased the ease of handling the X1 - in the
literal sense of the word!
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SAMENVATTING

De X1 1s een sutomatische rekenmachine, dle ontworpen
18 met het doel voor ogen een machine te construeren,
dle zowel voor wetenschapoelljk als voor admlinistratilef
rekenwerk goed gebrulkt kan worden.

In verband met de wl]d ulteenlopende eisen moet het
daarom mogelijk ziln, meer of minder ultgebrelide Instal-
laties op te bouwen. We verdelen daartoe de complete in-
stallatle In drle onderdelen: de baslsmachine, het ge-
heugen en de 1n- en ultvoerapparatuur.

Terwl]l de basismachine in princlpe voor elke Instal-
latle dezelfde ia, kan de omvang van het geheugen, even-
zls de hoeveelheld en hoedanlgheld van de aangekoppelde
communicatie-apparatuur van installatle tot installatle
sterk verschillen.

De basismachine werkt intern 1n het tweetalllg stelsel,
de woordlengte 1s 27 bite (tekenbit, gevolgd door 26 bi-
nalen). Alle transporten en optellingen worden woordsge-
wijs parallel uitgevoerd, hun tijdsduur varleert van 36
tot 8H3ps, vermenlgvuldiging en deling vergen 500 ws.

Het rekenorgasn, dat alle operaties met vaste komma
ultvoert, ls uitgerust met twee registers (A resp. 8)
van 27 bits, welke als volledig onafhankelljke accumu-
latoren gebrulkt kunnen worden, maar in de vermenlgvul-
diging en deling (evenals in speclale gchulfopdrachten)
gekopreld zijn. Afgezlen van deze koppeling, waarin de
reglasters A en 8 een verschllilende rol spelen, zljn zi]
gelljkwaardlg. Voorts beschikt het rekenorgaan cver %t zg.
B-register van 16 bits (teksn en 15 binalen), dat wel de
volledige accumulatorfuncties heeft - zi] het, dat er
niet in geschoven kan worden en dat loglsche operaties
en communicatieopdrachten in tegenstelling tot A en S
de 1nhoud van het B-reglster ongemoeld latern - maar ziljn
belang ontleent aan het felt, dat het gebruikt kan wor-
den voor automatische adresverardering van opdrachten.

Het geheugen kan één opdracht per woord bergen, de op-
drachtencode 1s (1n principe) een één-adres-code. In het
opdrachtwoord staan 15 bits ter beschikking van het a-
dresgedeelte, 12 voor het functlegedeelte; deze 12 zlJn
verdeeld in 6+2+2+2, Het zestal beschrijft de kern van
de functle, de drle tweetallen bteschrijver. elk een zg.
variant.
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De eerste variant beheerst, of de opdracht soms
condltioneel gesklpt moet worden. Hierbl] is onder-
gebracht de mogelljkheld de bewerking in beginsel
wel ult te voeren - om het resultaat aan een crilte-
rium te toetsen - edoch zonder wijzlglng aan te bren-
gen in het geheugen of de registers A, S en B.

De tweede variant beheerst de adresverandering, resp.
-interpretatie Hierln ligt vast of het adres van de
opdracht, zoals deze in het geheugen vastligt, voor de
ultvoering met de 1nhoud van het B-reglster vermeerderd
moet worden. (NB. De inhoud van het B-reglster kan ne-
gatief zijn.) Hlerbl] is ondergebracht de mogelijkheld,
de adrescl]jfers nilet te laten verwijzen naar een plaats
in het geheugen, maar ze meteen te verwerken als operand.

De laatste varlant - die der conditlezetting - maakt
het mogelljk, het resultaat van een operatle aan een
vraag te onderwerpen: er zlJn drie crlteria, nl. de te-
kentest, de nultest en de test op gelljkheld van teken.
Het antwoord op deze vraag wordt vastgelegd 1n een aparte
flip-flop - de zg. conditle - , de Inhoud waarvan op elk
gewenst moment door de eerstgencemde variant in de afloop
van het proces betrokken kan worden.

Dankz1] de varianten ontstaat een machtlge opdrachten-
code met een grote flexibilitelt. Omdat het niet eenvou-
dig 1s, alle mogelijkheden van de code op zlJn efflclentst
ult te bulten en pogingen in die richting aanleldlng kun-
nen geven tot tamellijk ingewlkkelde constructles, 1s de
grootst mogelljke aandacht besteed aan de manler, waarop
de programmeur de varianten noteert. In de gekozen nota-
tle z1jn voor de varlanten drie kolommen gereserveerd,
waarvan de plaats strookt met hun logische functle, 1n-
dlen we de opdracht van links naar rechts lezen. In het
normale geval blijven deze kolommen oningevuld, anders
wordt In zo'n kolom een speclale letter ingevuld om aan
te geven welke varilant op welke wljze wordt toegepast.
Wanneer de ulteindelljke opdrachtencode ondanks zijn com-
plexitelt hanteerbaar 18 geworden, 1s dat voor een nlet
onbelangrijk gedeelte aan de notatle der varianten en dle
van de kern van het functlegedeelte te danken.

De structuur van de basismachine 1s met zorg zo gekozen,
dat een, wat geheugen of communlcatie-apparatuur betreft,
aanvankelljk beschelden installatle desgewenst later kan
worden ultgebreld.

Een ultbreiding van het geheugen biedt tot een maxlmum
van 215 = 32768 woorden geen loglsche moellijkheden, aan-
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gezien in de opdrachtencode - een facet van de basis-
machine - 15 bits ter beschlkking van het adresgedeelte
staan.

Om de baslsmachlne echter vruchtbaar samen te laten
werken met allerhande communilcatie-apparatuur moet het
daarblj optredende probleem van synchronisatie van te-
voren zljn opgelost Een van de manleren om dit pro-
bleem op te lossen 13 om voor de informatietransport
tussen reken- en communlcatieproces voldoend grote
buffers ter beschlkking te stellen en voorts de commu-
nilcatlie-apparatuur te laten besturen door afzonderlijke
controle-apparatuur, dle onafhankellijk van en simultaan
met de baslamachine werken kan. Het streven bl] het ont-
werp van de X1 1s geweest, om deze extra buffers en ad-
ditionele controle-apparatuur tot een nog practisch mi-
nimum te beperken en zoveel mogelljk van deze additio-
nele taken aan de basismachine te delegeren. (De grote
snelheld van geheugen en rekenorgaan, dle voor het we-
tenschappelljk rekenwerk gewenst was, wordt hlerdoor
blJ orocessen, waarbl] communicatie de hoofdschotel
vormt, te nutte gemaakt.) Dit nauwere contact tussen
communicatle-apparaat en baslsmachine, dat vaak plaats
zal moeten vinden op ogenblikken, dle niet zozeer be-
paald zljn door de preclese staat van vorderlng van het
rekenproces, dan wel door de toestand van het externe
communicatie-apparaat, dat een eigen snelheid, een elgen
"t1Jdsbewustzljn" heeft, impliceert de nocdzaak het pro-
bleem van synchronisatle in de'basismachine zelf op te
lossen. Daartoe 1s de zg. "ingreepfaciliteit" geschapen.

Deze maakt het mogelijk, dat de basismachine op grond
van een ultwendlg slgnaal (uitgezonden door een of ander
communicatie-apparaat) het programma, dat op dat moment
onder behandellng 1s, onderbreekt ten gunste van een zg.
"{ngreepprogramma", dat het verelste contact tussen het
geheugen en het apparaat in kwestle verzorgt en daarna
de machine het onderbroken programma laat vervolgen "als-
of er niets gebeurd was".

De Ingreep maakt het mogelijk, dat de X1 omschakelt op
een urgentere taak, zodra het tijdstip daarvoor 1s aan-
gebroken. Het 18 begrijpelilk, dat de X1, wanneer hij met
verschillende apparaten samen moet werken, daartoe voor
prioriteitsregels ontvankelljk moet zljn. Behalve dat er
faclliteiten zijn ingebouwd om - via het programma - de
prioriteit te regelen, kunnen bovendlen door het pro-
gramma over bepaalde trajJecten alle lngrepen tegengehouden
worden. Men realisere zlch, dat door de ingreep de afloop
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van het hele proces nlet meer bepaald is door het pro-
gramma alleen, maar tevens door de onbekende momenten,
waarop contact met de externe apparatuur gewenst I1s. Om
desalniettemin een programma te construeren, dat zijn
totale taak naar behoren verricht, is het noodzakellJk
om over bepaalde critieke stukJes programma de onzeker-
heid of daarin soms ingrepen z1jn opgetreden, ult te
kunnen bannen.

De 'parallelle propgrammering'- dwz. de composlile van
programma's, die op in micro onbekende wljze door elkaar
heen uiltgevoerd worden - mag een fascinerende opgave zljn
veor hem, die geinteresseerd 1s in deze methode ter ver-
hoging van de efficiéntle waarmee de machine gebruikt
wordt, het is duldelljk dat dit geen taakverzwaring mag
inhouden voor hem, die de machine primalr gebrulkt als
werktulg om aan zljn resultaten te komen. De conceptle
van de ingreep geeft dus de verplichting om een organi-
satlie van subroutines op te bouwen, dle enerzijds een
belangrijk gedeelte van de mogellilke vruchten van de pa-
pallelle vprocrammering plukken, anderzljds de gebrulker
niet nodeloos belasten.

Voor schri]fmachine, bandlezer en bandponser 1s een
aantal communicatle-subroutines ontwikkeld; deze appara-
ten veroorzaken dezelfde ingreep, zlj behoren zoals wlj
zegren "tot dezelfde klasse". Z'J hebben uit oogpunt van
synchronlsatie gemeenschappelijk, dat een ingreepsignaal
van een van hen niet betekent, dat de X1 binnen een be-
paald tijdsbestek lets moet doen, maar dat het slechts
bhetekent, dat de X1 van nu af aan wat kan doen: deze appa-
raten kunnen nl. altijd wachten en plaatsen daardoor de X
nimmer in een zg. essenti&le haastsituatle. De communicatle-
programma's voor deze drle apparaten hebben daarom na het
hoofdprogramma de laagste priorlteilt.

Wi] beperken ons hler tot de beschrijving van die commu-
nicatle-programma's, waarblj de mate, waarin rekenproces
en communicatieproces slechts 1n zeer beperkte mate ult
de pas lunnen zijn. Staat men toe, dat dit uit de pas zljn
zich over meer informatie ultstrekt, dan verelst dit buf-
ferruimte in het geheugen, De brokstuklten, waarult de be-
schreven communicatle-programma's zljn opgebouwd, kunnen
echter eveneens dlenst doen in een organisatle, waarbl]
men een verder onderling ult fase ziljn wil toestaan. De
brokstukken z1jn eveneens brulkbaar, indlen men de ver-
richtingen van twee communicatie-programma's wll synchro-
niseren met betrekking tot elkaar, ongeacht een onafhanke-
11Jk hoofdprogramma, dat zelf de betrokken apparatuur hele-
maal niet »webruikt.
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Appendix 1. The symbols on the typewriter

The correspondence between (TP) and the typed symbol
18 shown below.

sl = small letter
CL = capital letter
Tab = tabulator
NICR = New Line Carriage Return.
(TP) s1 CL (TP) 81 CL (TP) s1 CL
0 3/ 17 ' " 34 n N
1 1 1/4 18 6L 35 o O
2 2 1/2 19 sl 36 p P
3 3 & 20 37 qa Q
4 Y $ 21 a A 38 r R
5 5 % 22 b B 39 s S
6 6 F 23 e C 4o &
T 7T & 2k d D 41 u U
8 8 ( 25 e E 4o v v
9 9 ) 26 f F 43 woW
10 Tab 27 g G 4y x X
11 NICR 28 h H 45 y X
12 - 29 1 I 46 z Z
13 + = 30 j J iird - N
14 . 3 31 k K L8 &
15 5 ? 32 1 L
16 / : 33 m M 56-63 apace
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Appendix 2. Binary representation of orders

The digits of the order word are numbered

d26 d25 iy dq do %

The name of the order (function letter(s) and function
number) determines the contents of the six most signifi-
cant digits dog...dpq of the order word. The number form-
ed by these six binary diglts can run from O to 63; its
value 1s found by adding a number of tlmes elght to the
functlon number. The multiple of elght is determined by
the function letter(s) and is given In the tabel below.

At O LS: 33
S: 1 B: 4
X: 2 Tig &
LA: 2% Y : 6
D: 3 Z s 7

The value of the next six bits is determined by the
varlants

Address modification Condltion-setting Condition reaction

dpg dag dqg d4q7 di6 445
normally 0 0 normally 0 0 normally 0 0
A 0 1 P 0 1 u 0 1
B 1 0 Z 1 0 Y 1 0
C 1 1 E 4 i N 1 1
The bits dqy ... dg glve the blnary representation of the
address.

According to the above rules d,, would be = 0 in count-
ing and subroutine Jjumps (4T and gT); however, it is used
for the index m, more preciselﬁ, if the binary dlgits of
the index m are by bq by (for 4T) or b3 by b4 bg %for 6T),
then the following holds.

doq = Py
dpg = P4
dqg = bg
and for 6T: d18 = b3

(In the subroutine Jjump, the binary dliglt b is there-
fore placed at the least significant side.)

The binary representation of the P-orders 1ls given in
the table below gﬁhe special paragraph letter C causes
an increase of 2% in the address: 0 CO = 16384 X0).



-135-

000 XL - = - » - = = -

- - oL¥e AL OLXe A9 - - - E ad
- = OLXL XL OLXL A9 = = = # sg
& - OLX0 XL OLXO A9 5 = g = vd
= = 6x2 AL 6%e X9 & - - - s
= GX0 29 6¥L AL 6XL X9 LYu Zl LXu 29 Ooxu z. 0Xu Z9 Ss
= = 6%0 AL 6X0 A9 E£Xu z. £XU zZ9 gXU Z,  2XU Z9 LS
- - gXe X, 8x2 X9 - = & - av
- Ll¥0 29 8¥L K. @XL R9 €Xu xL EXu zg 2Xu x.  2X4 X9 SY
= 6X0 X9 @8¥X0 XL @8X0 X9 L¥u Xl LXU X9 OXu KL  OXU X9 vy

dl d9 dg dt u Jg u de u dJL u 40 3IN2ITH
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Appendix 3. Storage reservations in the living memory

22 X0: Link interruption jump class 6
23 X0: Link Interruption Jump class T
24 X0: Last pentad read '
25 X0: Translation possibility
o6 ¥0: State record class 6
7 X0: State record class 7
28 X0: Transport address
20 X0: Check switch
30 X0: Head

double length number
31 X0: Tail

0 X2: A
1 X2: S STATE TET
2 X2: B
3 X2: A 1
B X2: 8 lgmate Bz
5 X2: B
6 X2: 1link
T X2: A ]
8dBr 5 lsparE @,
9 X2: B P
10 X2: 1ink]
11 X2: A ]
12 X2x A STATE T,
13 X2: B
14 X2: 1link|
15 ¥2: binary exponent
16 X2: decimal exponent
17 ¥2: sign of number of function diglts
18 X2 current type indication
1g X2: current 1st paragraph letter
50 X2: 1ink of tape read subroutines (order O)



21
22
23

24

25
26
27
28
29
30
31

X2:
X2:
Xe:
X2:
X2:
Xo:
X2
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1ink of tape read subroutines (order 1)
link of tape read subr-utines (order 2)

extension possibllity for all cases other than
directlves

extenslon possiblllty for additlonal directives

link of type-punch subroutine

initlal type code, punch code

initial number, length of binary tape
transformed number, start address of blnary tape
transformed type code, link for punch routine
column count

number of columns per line
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Appendix 4. Standard program for class 6 and class 7

11
=12
14 D113
14
=315
16
30,17 D1—=17
18

19

20

14 21
22

23

24

25

26

27

28

29

30

31

Moo g

DA

27
24
2T
33
2T
OLA
6A
2T
24
Ip
2T
6B

6A
63
20
6A
6y
5P
2LA
2LA
2T
2LA
OLA
6A
2A
25

i

AW = OV D

26
25

26
21

o

22

26

10

26

Do

D18

D1

D1

X0
X0

X0
Do
X2

Xe
xe
X0
X2
XP
AR
X0

DO

X0
X2
X2
Xe

Eo

= =

DI

unused
START ADDRESS
STOP ADDRESS
CONSOLE WORD
for autostart 6
Subr."Tape read program Active?”

Subr."Preparation tape read pr."

1f "reading desired and permitted",
1=>dg and jump via possibllity

of translation
Exit tape read program

LWW=Subr.Tape read pr."Walt swiltch"

Ty
E6
STATE = T4

Ttp

read 6th class word

reading desired and permltted?

type-punching desired and permltted?
1f =0, “l==,-.c1,t

T => STATE



=
6 DO—

0
4
2
3
X
5
6
i

=8

8 D0O— 9
25 _510

11

12

=13

4

= 15

16

17

11 DO=»18
19

20

21

22

23

= 2b

25

L 26

27

28

29

30

L3

ENER

DA

eT
2A

2LA

38
6A
21S
63
27
2A
2T
6B

2T

63
2A
25
2B
27
35
2T
oY
00 4
6B

2T
6A

o -1 h O

10

17

24
11
12
13
14

10
64

w

17

D1

X2
X2
X2

X2

X0
X0

X2
X0
X0
X0

Do
xe

Do
XP
X0
X2
X2
xe
X2

D1
X8
X3
Xe

Do
X2
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DI

—>» continue malin program
] Ttp_—"’ STATE

= J continue type-punch program
Subr."Type-punch program Active?"

Subr."Preparation type-punch pr."

] 0=d,,d, or d3

=
Exit type-punch program
=3
TPWW=Subr.Type-punch pr."Wait switch"
=

read pentad =, (24 X0)

T, <> STATE

= continue tape read program
Subr., Obliterate TPWW

e
non 6 in I.P. INTERRUPTION &

X1 susceptible

to the recording of TE6

’=}»

INTERRUPTION 7
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DA 0 D2 DI
o} 63 4 X2 STATE :.-.‘;-'J?ET
1 6B 2 X2
2| |7 4  xp read 7th class word (=key)
3|ul1a 15 i & 1 kxey H? 1f so, restore
4lyieTr 0O D3 | A — | neutral state
5 23 27 X0 Z 71 distlnction between
6|Y 4P B single and multiple
TIN|2B -5 A autostarts
8| |up ss P ‘or 18 1t decimal input?
g|NjeTr 8 D16|B —» 1f not, autostart
101 2B 21 X2 diglt count in B
1M|U14 10 A Z if point, record
12|Y|6B 16 X2 current diglt count
131¥ 12T 2 D3 |A _— and finished
14|Ui4A 9 AP
151Y|2T 12 D3 |A — if non-diglt
16| (0B 1 A P count diglt; numerical part?
17|¥l2s 31 X0 1 decimal to binary
18] [ox 40 A converslon for
19|68 31 X0 numerical part (Y)
20(Y|28 30 X0 or exponent (N)
211Y[0X 10 A
11 D3 —= 22|Y(68 30 X0 ]
23] 6B 21 X2 preserve diglt count
24| [2T7 1 D3 |A => and finished
9 D2=x25 2B 1 DO P hutostart 4
9 D2— 26 2A 31 X0 Autostart 3
27|N|2T 30 Dz |A — 1n case of 3
28| |6A 1 X0 |B atore tall
29| |28 30 X0
27 D33;27T— 30 2B 1 DO atore head, console word
31 6A 0 X0 |B ] or single length number




20 D21 ] o
4 pg, 25/
ol P21

13 D22

10

11

15 D2=x12
13

14

15

16

17

18

19

20

21

22

23

24

25

9 Das26
27

15 D17228
29

30
—=31

Mo <<=

DA

35
63

‘|24

28

2T
64
25
2B
75
63
2T
14
2T

SBEY B

2B
6T
6T
6T
BA
63
2T
2A
o7
2A
7A
om

27

.

23
17

16
31
22
14
24
16

16
26

52

31
30
31

30
29
29

12

D3

X0
X2
ie
X2
X0
X2

X2
X0
D2 | A

D16
X2

X2

AA

14

14
14

D5
D4
D3
X0
X0
D3| A
DO
D2 | A
X0
X0
Dg | A
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DI

LLl

=

=

1 bring keyboard program
into 1ts neutral state

TET = STATE
(and stop in the main program)

store sign, Autostarts + and -

set counts etc. to zero

and remove neutral

| state

key G?

if F or sipgn of exponent

polnt encountered?

1f not, whole number

if so, adjust decimal exponent

if mixed number

or was it a double
] length fraction
Subr.Decimal—sBinary Floating
Subr.Shift for fixed point
Subr. +(AS) = (AS)

] store result
finished
Autostart 5

with (A) = console word
Directive DC

Subr.+(AS) = (AS)
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O -1 OV Fw a0

PR N WA BN JENY AN
S FW D SO0

14 D5 =17
18
19
20
21
22
23
24
25
26
27

29
30
3

] ]

Z 2 =2

DA

0B
5P
5P
2T
3A
7P
1B
3P
yp
2A
27
08
28
OA
3138
1P
27
3A
OA
3P
oD
73
33
3P
oD
3A
0A
yp
0B
3B
4B
2T

22

26
25

L o e =

22
30
15

15
30
15

15
23

15
16
16
16
2e

D4

xe
AA
53
X0

AS
AS

D4

AS
X0
X0
D14
AS
D14
X0
D14
S8
D14
D14

xe
X2
X2
X2
X0

oo 2

= oE o B B P

fus]
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DI
Z minus sign?
] 1f so -(AS)=> (AS)
Zl=>
E Subr. Shift for fixed point
Stop: overflow of capaclty
E is one shift sufficlent?
shift one place less than needed
A 71 1if shift over more than
26 places 18 still to come
- -
P 7 rounding-off
and final shift
over one place
Z

Z|= finished

P divide by 10 B

halve 1f necessary

and adjust the

binary exponent = [15 X2]
that 1s under construction

continue, using 1lts

current link, with:
P " Subr. Negatlive power of ten
Z reduction completed?
7=
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DA 0 D5 DI

= 0 2B 52 A Subr., Decimal-Binary Floating
=3 1 2 -2 X0 ] tranaport link
2| |6A 20 X2
3 3A 30 X0
4 (38 31 X0
5 6B 15 Xe store preset value binary exponent
6| (6P AS - 5t normalize
7Y 2T 15 D5 | A —s 1f numerical part = 0
8 (tA 30 X0
9 5B 15 X2
10 2B 8 A
11|U|28 16 X2 P decimal exponent » +0°?
12|Y({2T 25 D16 —
13| |6T 28 D4 nb =) Subr.Neg.power of ten. Finished?
A4 N |2T 17 D | A — 1f not, divide by power of ten
T —=15 5P S8 is either the numerical part
16| [2A 30 X0 Z or the binary exponent = 02
17(¥(3B 15 X2 Z (in these cases no shift for

18 2T 20 X2 Z fixed polnt representation)
39 1. 25=»19| |6T 15 DO {1k wa] new pentad after "Skip X",
20 2T 23 D5 | A "Skip 0" and U,Y,N
=21] |28 22 X0 Subr. Analyse ¢
22 65 20 Xe ] transport link

1y

20— 23 25 24 X0
241U 118 31 A Z ] transition pentad ¢ = X%
25|Y|2T 19 D5 (A |- 1if so, skip X
26 U1S 30 A Z e =D (irective)?
27 N 2T 20 X2 Zi—= non D: return to assemblage
28| |6T 15 Do 4 =

IWW] 1f directlve
29 |2a 24 X0 ] next pentad = (4)

30 6T 15 DO N4 =3 LWW for 2nd pentad after D
31 258 0 D17l A




L1l
OV O~ g Fw a0

ELY
o

24 5 11
12

13

14

15

16

17

18

19
26 — 20
10 D11 — 21
22

23

24

25

26

27

28

29

2 D40 =30
31

2 =

=

15
15
24
22

17

22
20

16

10
31
30

10

31
16
15
24

11
10
20
16
16
20
20

D6

X2
x2
X0
X2

X0
X2

X2

X0
X0
AS

X0
X0
X2
Do
X0

D6 |

D6
X2
X2
X2
D5
D6

14

eoE e

bk

DI

=
L

] set dlstribution address
for dlrectlves

via link of assemblage routine!
Subr. Read decimal number

transport link

set dec. exp. = -0
| and condition to Yes
diglit count

decimal to binary
converslon for double
length whole number
(with 1 multiplication

J as long as head 1s = 0)
Stop: overflow of capaclity

if point 1s detected
LW

new declmal

polnt

hag point been encountered?
] then adjust declmal exponent
return, retalning condition
Subr. Analyse ¢ Assemblage (DN)

Fg Subr. Read decimal number



2 D10 =
(10-)

v o~ 3 Fw o O

=
O

11
9 D2 =12
13
14
15
16
17
18
4 DO

0 D*J‘—“/'S‘
0 DT — 20

22 — 21
22

23
=2k
25

26

27

28
38]321“'99
30

31

2B R

6T
TP
6T
2T
6T
4P
7P
27T

3A
7A
24
35
6T
2T
oA
24
2LA
2T
2T
24
BA
oY
24
6T
28
63
6T

100

D7

D5
Dh

D3

14
i

14

D12y A

D5
S5

D5
000
Do

X0
D9

DA
D7

X0
DT
D3

X0
XS5
X0
DO
D7
Xe
Do

.

N
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DI

DI

Lil LL

¥

| L

Vi

=

X

if whole number

if fraction

Subr. Decimal—>Binary Floatlng
Subr. Shift for fixed point

(A) #0: overflow of capaclty
Subr. +(&5) = (AS)

to end of assemblage

Subr. Analyse c Assemblage (DO)

Stop if not blank
back to Analyse c¢ for next pentad
(see 10 D20)

] if writing +0 }éBEQEEQEE_i

if checking -1) =>check switch

place quasi-link in (&)
1 0=dy and 0=d;

"empty'" main program
that merely walts for
completion of communi-

| catlon program
Stop X1, restore status quo
Internal Subr.Start Tape Readlng

Standard

Entrance

Tape read program

Set current type Indicatlon
] to DO
IWW for ‘st transitlon pentad



2,10; 7 D28 =0
= 1
== 2

=3
N

O o~ v

10

2 D10=11.

12
13
14
15
2616
a7
18
2219
20
21
22
23
2k
25
26
a7

28 1

29
14 D17=>30
31

DA

6T
2T
a7

2A
63
18

23
4s
2T
6T
2L3
2A

6B
oP
03

1P
OLA
0B
2T
0
6T

2%
2LA
2T

25
27

= A

19
15

30
16

27

11

D8

D10
Xz
D8
X0
X0
X0
X0

X0
D8
D5

X0

Xo
58
X0

58

D8
83
DO
X0
D8

D12

D8
D9

=

1%

=

-146-

DI

AN

1y

Assemblage Subr. Processing cycle

after detection of a directlve
after processing

when word 1s dellivered
test check swltch
store ] under control of the
check]
Stop 1if discrepancy

Increase transport
} address by one
close the cycle
Subr. Analyse ¢ Assemblage (DB)

transport address

] set pentad count

set count for
cycle investigating
five bits wilth a
view to the
parity check

LWwW

pentad count

word not yet complete

test parity

to end of assemblage

Stop, wrong parity
Directive DB
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DA O Dg DI
={> 4] 2A o] A Restart tape readlng
1| |6A° 29 X0 in the wrilting mode
2| |2T 29 D7 | A |=
0 D17 = 3| [28 7 D7 | & Directlve DO
4| fer 8 Dg | A |=
29 D17 == 5|U|1S 18 A Z Directive DN
6lr|eT 26 D16 — 1f DNE
7| les 30 D6 | &
16 D11u]—;8 65 18 X2 get current type Iindicatlon
213 23%2?}’9 2A 1 A ] Return from assemblage
10| |eT 28 D12| A = | after processed directive
16 D17 = 11 2X 13 A Directive DP
12 18 256 A

13| |6T 15 DO |14 =) LWW for 2nd letter
14 0s 24 X0
15| |68 AT X2

16 [6T 15 DO (14 | LWW for 1st address symbol
17] |6T & D10 |14 -} Subr. Read address

18] (2B AT X2 enter address read

19 0B 27 D16 in paragraph table

20| |68 18 X0 | B

21 2T 9 Dg | A — directive processed

13 D17=» 22| |6T 5 D10 1% 3 Subr.Read Address Directive DA
23| |65 28 X0 new transport address
241 12T 9 Dg | A = directive processed

31 D17 25| [4S 28 X0 Directive IX
26| 16T 15 DO |14 IWW for transitlon pentad
27 2T g Dg A directive processed

18 D17 28| |6T 5 D10 |14 Subr.Read Address Directive DE
29| |68 16 X2 ] and jump
30| 2T 16 X2

31| |0X 20 D7 | A (X1 susceptible and 6 permitted
see 15 D7)

Ll

¥




25 — 9
10

11

12

13

14

15

16

17

18

19

14 D41 =20
24

22

23

24

25

26

27

28

29

12 D11;22-530
3

MoK g

DA

24
64
2T
6A
23
2A
6A
2T
6T
6A
1A
2P
4p
2T
1B
1B
1B
1A
0S
1A
6T
2A
2T
14
6B
2T

OB
0B
03
2r
0x

22
22
18
17
24
22
21
28

30
16

24
24
2k
224

2o
15
o4
30
16
19

19
30
27
18

D10

X0
X2
xe
X2
X0
X0
X2
D16
D6
X0

AA

D11
X0
X0
X0

Do

Do
X0
D10

X2
D10
X2
X0
D16
X0

14

14

DI
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1]

Agsemblage Subroutine

transport link
distribute on type indication
Subr. Read Address

transport link

extension poss. octal address
Subr. Read decimal number
after conversion of

the line number

analyse next pentad

distribution jump 1if + - ABCP
paragraph letter

(posgibly the first!)

times thirteen

= D?

if not, then = X?
LWW for page number
or 2nd paragraph letter

if D, X or A
two expliclt paragraph letters?
change "current st par. letter"
and Jjump back

addition of

the start address

of the paragraph

addition of page number



W~ D EFw N Ao

13 D10 = g
10

13 D10 =11
12

13 D10 =13
14

1 D17 =15
16

2 D10 =17
18

(21+) 19
20

21

22

23

24

25

30 —» 26

27

28

29

30

31

=T I =

DA

6T
2A
27
0A
OA
OA
OA
OA
OA
5P
27T
2A
2T
03
2T
23
2T
2A
6T
18
3P
27
6a
0S
TP
24
6T
28
18
OA
27
18

15
24
21
29

11
30
13
31

21
16384
30
16384
20
17

21
26
12
19
5
19

24
15
24
22
20
26
16

-149-

D11 DI
DO |14  |= Lww
X0 ] next symbol=> (A)
Xe E|=> address complete
D16 +7] distribution
D11 - | addresses
D11 A| for specilal
D16 B| closing symbols
D11 C | of the line number
D16 P_
33 - after line number
D6 | A -
A A after line number
D1o| A LA
A P C after line number
D10| A =
D11] A Directive DI
Dg | A =
A Assemblage (DI)
D5 |14 =) Subr. Analyse c¢
A P = U, Y or N?
SA 1f so, shift blts in A
D5 A — ] and read new pentad
X2
AP } Stop, 1f function diglt > 7
X0
DO |14 =} LWW for function letter
Xo
A Z = L?
A
D11| A — ask for functlon letter anew after L
A Z




OWwW o~ O0wnm Fw a0
KooK

.
=
=

12U
13 N

22 14

15

0 D14 -> 16
7

11 18

19

20

21

22

23

24

25

26

28 D8;6 D727
10 Da—28
29

0= 30
31|U

2 42 =2 g

DA 0]

2T 30
15 17
0LS 25
13 30
0Ls 25
0s 14
ox 32
0D 216
1A 171
6T 15
6T 3
2T 18
2LA 8
oa 1
1 8
ka 15
6T 15
2A 24
1 18
14 15
1P 2
OA 3
aT 14
oFP 6
28 17
1P 6
0s 15
28 2
hp 22
2T 22
6A 17
1A 7

D12

D12

Do
D10
D12

D14
AA
X2
Do
X0

AA

D12
S3
X2
SA
Xz

X2
X2
X2

A A
B oE F F e R o E o E

14

-150-

DI

_5 function letter P

VL L

T convert functlon digit
and function letter(s)
into the requilred
representation in

the slx least significant
bits of the A-reglster

4T or 6T? (1.e. index m obligatory)
IWW for first address symbol
Subr. Read address
1f neither 4T nor 6T

transport most significant
] bit if m > 8

add to the variants

under constructlon
IWW] after index m, ABC, PZE

] a new symbol

not PZE?

not ABC?

if PZE or ABC
7 construct order
word from lts

constituent parts

exit of the assemblage
subroutine with a
new word in S

if P-order




16,1 —

O O~ U FE W N A O

N e e - . G, ¥
-1 g F W N oA O

Y
[o2]
2]

Wow M NN NN RN RN A
L 00 10U FWN A OW
2 g = a K =g =g

Moo oK

R O D D R T RV R

=

DA

25
2T
1A
1A
6T
25
OoP
6T
03
2L3
68
3P
0s
08
218
03
2T
2A
oP
6T
6T
14
0s
1A

o8B
2A
3LA
0S
OLA
0B
6B

16352
25

15
ol

15
oL
231
24

2l
33

99
224

25
128
27

15
24
64
13
62
54
17

4
32

1

7

D13

D13

DO
X0
38
Do
X0

X0

53
X0

D13
SA
D6

DO
X0

X2

X2

P -

14

= e =

ERP S

DI

-151-

=)

L1l

if 7P
—

] LP or 5P?
LWW

Construction of

the address blts
for the reglster
transport corders
kP and 5P

= 6P? (ohterwise 0-3 P)

Subr. Read decimal number
IWW for 2nd circuit letter

take the circult
letters into account

take the function
diglt into account




DA O D14
27 16 D12
DN + 6710 8856
2h 22 X0
6A 25 X2
2A k422
1P 1 35
N|oLA 3
1A 16
Y|2T 5 D14
1P 4 SA
OP 5 AS
6T 15 D1
6Y 1 XP
N |3A 2
Y |2T 10 D14
2T 25 X2
DN + 4194 3040
+ 5242 8800
+ 6553 6000
+ 4096 0000
+ 5120 0000
+ 6400 0000
+ Looo 0000
+ 5000 0000
+ b
+ 7
+ 10
+ 14
+ a7
+ 20
+ 24
+ 27

=]

14

..‘152_

DI

DI

—

=> now final test for varlants
constant for m) 8, see 13 D12

Internal Subr. Punch Binary Word

transport link

cycle for the
determination
of the parlty bit

cycle for the

=} TPWW |punchlng of

slx pentads

= finished

table of normallzed
powers of ten

table of
corresponding
binary exponents



=1
=2

= )
=5

10— 8
9

10

11
= 12
13
14
15
16
17
18
19
20
21
22
23
2l
25
26
27
28

9 D2 =329
30

31

DN + 1000 0000

DA

-6710 8863

3p
6Y
oT
2B
oA
64
2A
6T
1B
27
or
oA
6A
hp
2A
24
5p
6T
6Y
24
oD
18
6T
62
2D
0s
2B
or
of
2T

0

5
1
15
25
22
25
0
2
1
8
25
22
29

13
12

15
2
0

31
0

15
2

D15

AA
XP
D1

X0
X2

D15

D15
X2
Xo
xXe
33

53
D1
XP

D15

D1
XP
D15

X2
D18
D18

14

4

=153~

DN
DI

Vi

-

=) TPWW

=) TPWW

=

1solated sign digit

71 Auxiliary subroutine
for punch programs
(punches pentad)

Auxiliary subroutine
for punch programs
= (punches pileces of
blank tape)

Auxliliary subr. for simple type
transport link

routines

take absolute
value and type
origlinal sign

type 18t declmal
facultatively;
prepare for
deconversion and
set count;
return, retaining
the condition for
Zero suppression

Autostart 7

== Jump with quasi-1link in A
(see 25 D15)



w1 g Fw o a O

=
O \D

L L T e o L A e R L R Il
A O 0 v W N A O 0 g FE e oA

DA

6T
6T
6T
6T
6T
6T
6T
OA
OA
OA
OA
OA
0A
0A
OA
OA
OA
OA
0A
OA
04
OA
0A
0A
0A
OA
OA
OA
2T
or
2T

0O O o O o ©O
e I o R o R o B o O o

=S I\)I\)g—k_‘s w g
= o F hJ AN o a g

O 2 0O O O 0O O 0 00 0 OO

NONNNN N

=

D16

D16

Z0
EO |9
FO [0
HO M1
KO N2

D1 4
D1 (15

D7
D21
D2
D2
D3
DO
D15
D21
D19
RO
D3
D3
S0
TO
WO
Uo
YO
NO
Z0
D10
zo |&

X
1

EO |A

=

54—

DI

1f pos.dec.exp. (see 12 D5)
if DNE (see 6 Dg)

possible octal address (see

. if + after line number (see
= 1f B " n " (see
= 1if P ] " " (Bee

- Autostart O
Interruption Jump class -1
" n n 2
n " ] 3
" " " b
1 " " 5
" " " 6
" " I T

Distribution address autostart O

W o~ hu Fw

+

|

G

" wmultiple autostart
if F or sign exponent (see 13 D3)

start address paragraph tabel (see

9 B16

3 D11)
6 D)
8 D11)



OWw o 0Oum Fuw N a o

(WINPT T o T ' T o' O ' T o TN ' TR ' TN s T o' TS, L. (. Wi, R A N T
A 0w o1 v Fw o aow o= g Fw oo oa

DA

a7
2T
2T
2T
eT
2T
2T
2T
27
2T
2T
27
2T
2T
2T
2T
2T
T
2T
2T
2T
27
o
2T
2T
2T
27
2T
2T
a7
2T

o 00000 0000 0OWJmWw O

HEEEEBEEEHRBE A

] S W
w O a2 oo Mm

o O 0 O O
L3 B R T s |

12
22

o w o O o

25

5 Mo

DT

D9
D11
FO
HO
KO

RO
S50
TO
WO
U0
Y0
NO
D9
D8
D3
D9
yAe)
D9
FO
HO
KO

RO
DO
D26
WO
Uo
YO
Dg
NO
Dg

P - TR I T R

-155-

DI

D7

FVTT 000 e Y

[
27

. DB
o, DC
—s DP
L DZ
—s DE
— DF
—, DH
— DK
=3 DL
., DR
=, DS
—, DT
== DW
=, DU
=, DY
—=, DN

—s DD

(Standard exit tape read program)



3 D19 — 21

23 D21
30 D15

J=528

30
31

H 2=

DA

2
6A
6T
4P
62
1A
1B
6T
6Y
5P
2T
1A
2T
3A

U|0A

33
6T

2T
0X
24
6A
ox
3P
0x
6T
2a
2T
6A
2A
38
6T

22
25
12

32

15

30
25
30
31
11
15

1
19
22
25
31
25

12
4

25
19
10

D18

X0
X2
D15
AA

D1
XP
BA®
D18
X2
X2
X2
X2

D1
XP
D18
DT
X0
X2
D15
535

D15
D18
X2

D18

D1

14

14

14

14

_156..

DI

Internal subr. Type [S]

transport link

type slgn and st decimal
imperative typing?

next decimal = (A)

diglt count

TPWW

type digit (or the point)

ensure last diglt imperative

as long as (B) » -0

column count (or setting to zero)

not at end of line?
otherwlise NICR
TPWW

type space or NICR

quasi link (see 29 D18 and 20 D19)
Internal subr. Type {sj
tranaport link

rounded-off
multiplication by 107

type sign and -1st decimal
insertion of the point
with condltlon affirmative
Entrance for the
type-punch program

after autostart 7 and 8

0 =-=a-c1,1 and O=¢~d3



OWw o= Oy Fw o oa o

-
—

12

13

9 D2 =14
15

16

17

18

19

20

31 D21—>21
22

23

24

= 25

26

27

28

29

30

31

DA

25
2A
27
2A
6A
2A
25
5A
6T
6z
6T
62
27
2A
6A
38
6T
23

2A
68
6T
6T
2T
6B
28
24
6A
6T
218
2B

13
25
22
25
30
11
30
15

15

25

26
10
10

19
28

25
13
27
26
22
29
15

1
7

D19

Do
X0
D1
X2
X0
xe
X2

Xe
D1
XP
D1
XP
Xz
Do
X2

D1
DO
DO
D18
X2
D1
D19
D1
X2
X2
X0
X2
D1

14

14

14

14

14

14

-157-

DI

VLU

=

Place number to
}be typed In 3
quasl-link = standard exit
to 1 D18 or 21 D18

Internal subr.Extra line blank
transport link
carriage at begilnning of line?

1f not, set count to zero

TFWW |and glve extra
NICR-signal

TEWW

NLCR

finished

Autostart
] 0=}.'d.,1 and Of,»ci3
Standard entrance type-punch pr.

Internal subr.Punch blnary tape
Exit type-punch program
Internal subr.Punch binary tape

] transport link
TPWW
Blank tape to be sklpped?



-~ Gy & w n oa O

X
QO

=
.Y

A
N
ZoE e e g2 s g

16 =13
14
15
16
17
18
19
20
21
22
23
29 — 24
25
26
27
28
29
30
31N

2o e = =g s 2=

27
24
26
15

D20
b5

XL
D15
D15

X13
D15
D15
xe
DY

D15
D20

D15
D15
X2

D1
Xe
X0
D1k

X2
D20
xe
D1

4

14
14

14
14

14

-1

DI

TT

58-

=) Subr. Punch plece of blank tape
Skip DB?

Punch D
Punch B
Sklp address?

Punch D
Punch A

Ly

cycle punch
=) address 1n
five decimals

NB. Punch code positive!
=} Punch X
=) Punch O

Skip blnary words?
=) Obliterate TEPWW

=

=) Punch binary word

number count

NB. Punch code pogitivel

Fg TPWW




oW o1 Oy =W oA O

—

9 D2 = 11
12

13

14

15

16

17

18

19

20

21

g D2 =22
23

=) 24
26 — 25
26

27

28

29

30

31

R

DA

2L5
2A
6T
6T
218
2A
6T
6T
6T
6T
2T
2A
64
6A
64
6A
6A
64
25
63
27
3LS
2A
27
64
6T
2T
oY
24
6A
2A
2T

16
30

32
30

L]

24
29
12
26

= w

30
31
18
25

21
28

25

64

26

21

D21

D15
D15

Xok
D15
D15
D15
D1
Xe

D19

-159-

DI
A Z

14
14

1k
14
14
1k

= o Q=

- O

Skip DO and blanks?

=) Punch D
=) Punch blanks
Skip DS and blanks?

=) Punch D

=) Punch 3

—) Punch blanks

—) Obliterate TPWW

= finished

Autostart 2

] set to "no translation"

= end of autostart

X1 susceptible and all classes allowed
Autostart 8

=

Subr.Punch binary tape

—) Type-punch program active?

— 1f Bo, walt

remove 6 from interruption permit

]transport parameter
1link in A (for the
— standard entrance)




=0
6 — 1

W oo~ g W

10

12
13
14
15
16
17
=18

23
24
25
26
27
28
21 D26 — 29
30
37

DA
64

oY 126

2A

2LA 26

24
oY
27
0)'4
24
OA
65
6B
6T

2A
25
6T

SR

3B
63
6A
25
63
25
43
ks
2h
25
25

o)
= A O w

= O o oWy F O 2

n [T s S N 1
O hw M

27
26
22
25

25
30
27
26
13

D22

X2
XS

X0
X2
p.63
D22
Xs

X0
X2
X2
D1
X0
X0
X2
D22
D1
X2
X0
X0
X2
X2
xe
X0
X2

X2
Xe
X2
X2

-160-

DI

o=

[N

Subr.Type (S)

walt cycle for
non-activity
of type-punch

program

Standard
entrance
type-punch
program

type code=» (A)

to internal type routine
Exit type-punch program

preserve (B), Internal subr.Type (S)
] type code = (&)

restore (B)

store initial number

store initlal type code

] transport link

increase link by 1
column count

for + sign



W o~ v oF WD Ao

PR |
= O

12

13
15—14
15

20 D24k =16
17

18

19

20

21

22

23

24

20= 25
26
2k — 27
28

29

30

31

=

M=o =

LA =

DA

25
6T
6z
6T
22
5P
138
5P
6T
64
2A
23
OP
65
6T
2T
2LA
27
25
)3
2T
OF
25
25
2T
OF
25
62
6T
25
OP
63

12
15

15

12

28
192
26

29
21
4

95
2)
29
25
4
63
27
12

15
29

29

D23

D1
XP
D1
Xp
AA

AA
D25
X2

X2
S8
X2
D24
D23

D25
xe
538
D23
33

D23
SS

XP
D1
X2
53
X2

-161-

DI

A E
14

4

14

v L

for -slgn
TPWW
type slgn
TPWW
check sign
if 1t has
been typed

Subr.Prepare for conversion

transformed number

set 0011000000 =
statetcount

tranaformed type code;non-typing cycles?
Subr., Produce next decimal
8t1ll more non-typing cycles
finished
start checklng
Punctuation

1f 00 or 01

if 10, type .

if 11, type space

with affirmative conditlon
if 01, type nothing

if 00, type -

TPWW] type punctuation

shift transformed type
code over four places



~ g FWw D Ao

1

w
s ¥
S O W

3w T B o5 T ' T oo TR N, U GO W W (. W 3
FwW N A o0oWw o= O0Oval o FEwon

2725
26
27
3028
29
30
31

DA

2LS
OP
213
0S
2LA
2L
1P
1P
6T
3LA
oLA
0S
6Z
3LA
6T
32
0s
kg
23
2T
2T
6A
2A
28
58
08
OA
2T
18
1A
2T
OP

AW A A O

896

20
21
256
768
64

768
15

63
28
29

16

-~ =

22
25

31
28

D24

53

AA
SA
D2k

XpP

D1
XP

X2
X2
D24
D23
X2
X2

X2

D14
D2k

D15
D24
AR

>

= o b

14

=

14

-162-

DI

td

i

Set new state:
18 1t I(mperative)?
001 if I
make (S).= 011 1if L
100 if F
old state F'(=000)?
if so F'==F and I= 1L
shift bits of new state
] to the left of the count
Subr.Produce next decimal
I= L, if last decimal
I or F'?
NB. -0+64 = +64
type digilt; not a space?
I=Land F'sF
TPWW
read diglt back
correct for space
add to transformed number

more digits In same group
end of group
Subr. Produce next decimal

count
try to exceed
the new dlglt
in steps of 4
go back
in steps of 1



O O~ A FEw N Ao

L S,
A O

=Y
o

15 —»13
14

15

16

19 17
18

19

20

21

22

23

17 D23 =24
25

26

27

28

29

30

31

DA
6A
OP
ha
2A
4a
2A
2T
25
Op
2T
6A
2A
OoP
1A
OF
27
25
6Z
1A
21

14
3P
2T
2A
5P
6T
14
38
24
27
08

28
28
29
29

22
26

22

N ow A 3 A WY =)

33

.

- =]

22
27

28
30
1
15
31

D25
Xe
AA
X2
X2
X2
X2
X0
X2
55
X0
xe

58

33
D25

D25
X2

AA
X0
X2
AR
D25
X2
X2

D26
X2

14

65

DI

*d

multiply the

remalnder

by ten

double the type code:
] tesat for end of group
restore (A)
finished

Subr. Prepare for conversion

whole number?

preserve fraction
=

for m digits
after point,
form m+1 = [4]

B0 i [ 5]

multiply the fraction
by 10™ and
round-off

- absolute value of
] initlal number

Subr. Prepare for conversion
Check; 1s 1t correct?

- column count

1f incorrect, NICR, etec.
still busy on line?



164 -

DA O D26 DI
OlN|48 30 X2 if not, set column count
1|N|2T 9 D26| A —»] to zero, and then give NICR
2| lea 26 X2
3|lulena 4 A Z ] XS or XT?
LwleT 24 D1 |14  |= Obliterate TPWW | ,. yy
5|N|2T 10 D26| A |, and type nothing
6|ufeLa 2 A Z Xs?
TIY|34A 0 A if so, -0 for space
8|N|3A 53 A 1f not, -63+10 for Tab
15 9| |6Y 2 XP P layout
510| [eAa 26 X2 type code used
11| |28 27 X2 number typed
12| |2T 25 X2 Z|= finished
20=313 3A 53 A Posltion carriage
14| |6T 15 D1 |14 =) TPWW
30 D25—=15 6Y 2 XP P NICR and then Tab
16|N|3A 12000 A
18 >17|{N|0A 1 A P 'J AETE G
18|N|2T A7 D26| A —>
19 03 1 A Z count
20|N|2T 413 D26| A —, another Tab
21 2T 29 D22| A == type agaln
25 D17=>22| |28 2k De6| A Directive DT
23| |[eTr 8 Dg | A —
2 D10=324| |6T 21 D5 |14 [ Subr. Analyse ¢ Assemblage (o)
25|U|18 13 A Z
26|N|28a 12 A if non-A
27|Y|2A 8 A
28|y 6T 15 DO |14 = LWW | 1f A
29|¥i2s 24 X0
30U (15 3 A Z = G°?
31|N|OLA 3 A if B or E




o
o
W o~ U FwWw oA

. Y
—

14 512

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

DE 30 D2T =3 30
9,1 D28 — 31

%z 2R <G

OLA
6T
25
1S
23
18
6T
2T
6P
oP
23
2L3
0x
6T
2T
24
6Y

12

15
24
24

A
15

24

15
27
11

D27

35
SA
X0
58
SA
DO
X0
X0
AA

D27

Do
X0

DO
D27
AA
AA
X0

Do
D12

XP

E - -

14

-165-

DI

vL

i1

= E?

if E

if G or B, set cond.affirmative
form the 4 bits

specifying punctuation

and zero suppression

for the next group

IWW for length of group

for typlng cycle

for non-typlng cycle
add correct
number of zeros
by shifting

and get a 1

LWwW

]set count

for punctuation S

= X7
Lww
new group

take layout
symbol Into
account

LWW for transition
to end of assemblage

Tab-tape
NICR or space
n



DA
0|Y |18
1|y |2T
2| |ea

y - 3 1A
4ly|or
5| |6T

= 6| [erT
= 7 27
= 8| |34

9| |eT

=) 10 25
12 = 11 6T
C 4ziyler
13 oY

14| |4P

15 6T

16 6T

17( |21

31
20000

D28

D27

D28
D10
X2
D8

D27
X0
D1
D28
XS
SA
D1
D19
D1

= or = e =

14

=

4
14

DI

-166-

V¥ L }

¥

VL

L 1

count for number of spaces

delay to enable
operator to set
tab-stop
Assemblage subroutilne
after detection directive
to processing cycle!
new number of
] spaces in [S]
Subr.Extra line blank
TPA? walt for non-actlvity
type-punch program
standard entrance

for type-punch

program
Internal subr.Extra line blank
Standard exit type-punch program

In the above program the 2T-order occurs in the Z- and
E-version as well. For the time being the Z-version will
be equivalent to the normal case and the E-version to the
P-version.
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1.

In een automatische rekenmachine zou de facllitelit,
het teken van operatles conditioneel te kunnen inver-
teren, van groot nut zijn.

2.

Als Ernst Mach het begrip van de trage massa op grond
van botsingsproeven invoert, laat hijJ onvoldoende duil-
delijk ultkomen, dat hlervoor botsingsproeven met drie
willekeurige massapunten noodzakelljk zljn; de door hem
in dit betoog genocemde experimenten zljn onvoldoende.

E. Mach. Die Mechanik in ihrer Entwilicklung. Tte
Auflage F.A. Brockhaus, Lelpzig, 1912. pag 213-214,

E.A. Guggenheim b1l1jft in ziJn "Thermodynamics" z1jn
belofte: "... that we do and shall conslstently use
gaymbols to denote physlcal quantitles, not theilr mea-
sure I1n terms of particular units." niet getrouw.

E.A. Guggenheim. Thermodynamics. 2nd Edition
North Holland Publishing Company, Amsterdam,
1950 pag 20.

E.A. Guggenheim. Phil.Mag. 33 (19%2) pag 479.

Jeffreys & Jeffreys. Methods of Mathematilcal
Physics. University Press, Cambridge (1946)

pag 3-4.
N

'Voor het vinden van de kortste boom tussen n punten
bestaat een betere methode dan die gepubliceerd door
ILoberman en Weinberger of Kruskal.

H. Loberman and A. Welnberger. Formal Procedures
for Connecting Termlnals with a Minimum Total Wire
Length. Journal of the A.C.M. 4 (1957) pag 428-437.

J.B. Kruskal Jr. On the Shortest Spanning Subtree
of a Graph and the Travelllng Salesman Problem.
Proc:Amer .Math.Soc. 7 (1956) pag 48-50.

E.W, Dijkstra. A Note on Two Problems in Connexion
with Graphs. Num.Math. 1 (1959) pag. 269-271.

Het slordig gebruik van automatische rekenmachines,
zoals bv. door R.C. Minnick, dle een tafel publiceert
met In een oogopslag detecteerbare fouten, moet ten
zeerste afgekeurd worden.

R.C. Minnick. Tshebycheff Approximations for Power
Series. Journal of the A.C.M. % (1957) pag 487-50k.
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Als in een 1sotroop medium een electrostatlsch veld
heerst, hetzij tengevolge van discrete, starre ladingen
dan wel van ladingen op een geleider, dan kan een gela-
den voorwerp, dat uitslultend onderworpen 1s aan krach-
ten door het veld er op ultgecefend, zich niet in sta-
biel evenwicht bevinden.

7.

In een algebralsche ultdrukking kan men de prioritelt
der operaties behalve met behulp van haakjes 0CGK aan-
geven door aan elk operatleteken twee binaire kenmerken
foe te voegen. D1t 1s mogelijk met behoud van de volg-
orde der operatietekens en operandsymbolen, zonder dat
daardoor de analyse verzwaard wordt.

8.

Het 1s wenselljk, dat gepropageerd wordt, de symbolen
"s " pespectievelijk " <" uit te spreken: 'minstens”
respectievalijk "hoogstens",

Gegeven zljn n volledlg geordende elementen aj. Uit
elke greep van k elementen ult deze n klezen we het mi-
nimale element; de - formele - som van deze () elemen-
ten duiden wiJ] aan met 8y. Dan is - formeel -

n
k-1
max a; = Z;%(-) 8y -

Dit resultaat kan elegant bewezen worden met behulp van
een symbolische vermenigvuldlging.

10.

Indien A een antisymmetrische matrix is van de orde 3,
dan is gemakkelljk in te zlen, dat geldt A3 = c.A, waar-
bij de scaler ¢ negatief 1s als de elementen van A reéel
zijn. Van dit feit kan met vrucht gebruik gemaakt worden
biJ] een beschouwing over draalingen in een driedimensio-
nale ruimte.

49,

In een systeem ter beschrijving van Informatleverwer-
kende processen zl] het toegestaan, dat verschillende
namen dezelfde betekenis hebben.

12.

In een systeem ter beschrijving van informatileverwer-
kende processen zl] het toegestaan, dat eenzelfde naam
met verschillende betekenissen gebrulkti wordt.



13.

Het 1is wenselljJk dat onderzocht wordt of de gebrek-
kigheld der documentatie, waarmee veelal de industrle
haar producten op de markt brengt, een gevolg is van
een mogeliJke oppervlakkigheld der toekomstige kopers.

14,

Bij matrixinversie door eliminatie moet, indlen de
berekening met drijvende komma wordt ultgevoerd, het
criterium, op grond waarvan steeds de "pivot" gekozen
wordt, in principe ongevoelilg zlJn voor vermenigvul-
diging van rijen en/of kolommen met willekeurige fac-
toren. ’

N.P.L. Notes on Applied Science No.16 Modern Com-
puting Methods. Her Majesty's Statlonery Office,
London (1957).

15.

In programmeurshandleidingen voor (geheel of gedeel-
telijk) binalr werkende rekenmachines moet het gebruik
van het achttallig stelsel vermeden worden.



