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o GIER

The article gives an account of the logical

principles on which the electronic computer
GIER is based. The command structure and
‘the various automatic address modifications
are reviewed, with the chief emphasis being
laid on the points in which GIER differs from
carlier computers. The operations carried out

by the computer are listed in full.

Logical Organization |

By T. Krarup, M. Sc., Geodetic Institute, and

Bj. Svejgird, M. Sc., University of Copenhagen

The central unit of GIER is accommodated in the cabinet in the background.
On the table, to the left is a reader for paper tape, in the middle the control
panel, to the right a typewriter for input and ouiput, and behind the type-
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The logical design of GIER (the Geodetic Institute’s
clectronic computer) differs in various points from
more conventional computers. The basic principles

are of course well known, these being largely the:

same in all one-address computers. However, if a
computer is provided with the necessary functions,
and with these only, its programming will generally
become a very troublesome affair. In GIER it has been
attempted to arrive at a more convenient programming
by making automatic a number of the coding prin-
ciples which have been developed during the decade
since the completion of the first electronic computer,
and which have become purely ritual. '

The computer is of medium size with 1024 cells in a
magnetic core memory and 12800 cells on a magnetic
drum. Each cell accomodates 40 bits plus two special
bits serving particular purposes. The computer works
in the parallel mode and its operating speed is roughly
characterized by the addition time being about 50 us
and the multiplication time averaging about 180 us.
These figures apply to fixed point operations. The
built-in floating point operations have about twice the
addition time but the same multiplication time.

In the basic form the computer has its input from a
punched paper tape reader, which reads 500 charac-
ters per second, and its output to a perforator which
punches 150 characters per second. A typewriter per-
manently connected with the central unit can be used
both for input and for output. However, technical
provision has been made in the design for connecting
up other external units such as magnetic tape and
punched card units and recording pens. A Flexowriter
(off line) serves for the production and transcription
of punched paper tape.

As the computer is a purely binary one, the contents
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writer a rapid perforator for output.

of each cell will be a configuration of ones and zeroes.
Such a configuration is not ascribed any significance,
a priori, this only becoming evident from the treat-
ment to which the information contained in the cell
is subjected by the programme. A cell can thus be
used for the storage of informaticn of any type, but
there are certain types of information which are of
special interest, and thiese will be reviewed in the
following.

1) Fixed point numbers.

These are numbers within the limits -1 < » < + 1.
A positive fixed point number has 39 binary positions,
which is to say that the least significant position re-
ceives a value of about 2 X 12712, The negative fixed
point numbers are represented by their 2-complement.
This results in positive numbers and zero getting a
zero in their highest position, while the negative num-
bers have a one in the highest position. In the external
language such a number is written as an ordinary
decimal possibly followed by a power of ten
(- 356.43,,-4).

2) Floating point numbers.

Any number other than zero can be written p X 2q,
where 1 < p<2o0r-2<p<-1, p being termed the
mantissa and g the exponent. We call the most signi-
ficant position of a cell that of 0, and the least signi-
ficant 39. Then p is now placed in the cell so that the:
binary point is located between position 11 and posi-
tion 12. Positive p is represented by their binary
equivalents. Thé mantissa thus occupies 30 positions
of the cell. The exponent is similarly located: in- the
10 first positions of the cell. Thus q comes to lie in the
interval - 512 < q < + 511, i.e. that the absolute value



of a floating point number must belong in the interval
from about 0.74, - 154 to 1.34, + 154. In the external
language such a number is written as an ordinary
decimal number, with or without sign, possibly fol-
lowed by a power of ten (or perhaps as a power of
ten alone with or without the sign).

3) Commands.

A cell can contain one or two commands. In the first
case it is said to be a fullword command, in the second,
halfword commands. How an order is to be written in
the external language is not fixed by the logical struc-
ture of the computer but is determined by the reading
programme which translates the external language to
internal representation. However, the external repre-
sentation of commands as used in practice has a
simple relation to the internal one. A fullword com-
mand consists of various elements of which the funda-
mental ones are an operation part and an address con-
stant. The basic operation is designated by two capital
letters which are a stenographic expression for the ef-
fect of the basic operation. Thus for instance AR means
sadd to result register«. (The result register is the part
of the computer where the result of an arithmetic ope-
ration will normally stand when the operation has
been performed). The address constant in its simplest
form is a figure which indicates the number on the
cell in the magnetic core memory from which an ope-
rative number must be obtained or to which it must
be sent. However, with certain commands the address
component has a somewhat different significance.

In its simplest form a command may, for instance,
look like this

AR  136.

This means that the contents of cell number 136 (con-
sidered as a fixed point number) must be added to the
momentary contents of the result register and the
result thereof is to be located in the same place.

The basic operation designation is translated by the
reading programme into a configuration of ones and
zeroes comprising a total of 6 bits, which are placed
in positions 20—25 of the cell. The presence of a one
in position 26 is denoted in the external language as
an S and involves resetting of the result register be-
fore the opcration is performed. This applies to any
operation whatsoever. The address constant is trans-
lated by the reading programme to its binary repre-
sentation and placed in positions 0—9.

Before a command is carried out, its address con-
stant can be subjected to various modifications. There
is such a modification if we write for example AR
r + 136. The meaning of this r, which in the internal
representation is marked by a one in position 28 and
a zero in position 29, is that the number on the cell in
which the command stands is added to the address
constant before the command is carried out. If the
said command stands in cell 17, it will thus act as if
it had been written AR 153. However, the command is
not altered by this modification, so that its address
constant continues to be 136. The significance of this
modification is that it is not wished to indicate the
absolute location of the operative element in storage,
but only the relative location in relation to the com-
mand which refers to it. This has the great importance
of allowing a programme to be written in such a way
as to be independent of its location in storage.

In the same manner, for instance, we may of course
write AR r-56 which, if placed in cell 100, is syno-
nymous with AR 44,

A corresponding modification of the address is ob-
tained if we set position 28 = zero and position 29 =
one. This modification is noted externally as s. Thus
we may write, for instance, AR s+2 or ARS s - 78. The
effect of this s is that the address is modified by the
contents of a special register called the sequential
register. The contents of this register are automatically
altered during the execution of the programme when
certain jump commands are carried out, but are con-
stant within each part of the programme. As with the
r-modification it holds good that the address constant
is unchanged after the command is carried out.

If both position 28 and position 29 are equated to
one, we have the so-called p-modification. Thus AR
p — 45 means the same as AR 5 if the p-register contains
50. The p-register is a register whose contents are
determined by the coder through the aid of special
commands. Thus it is quite a normal index register
(the only one in the computer) but in addition each
cell in the magnetic core storage can act as index
register,

The p-modification is of the same nature as the r-
and s-modifications in that it does not involve any
lasting change in the address constant.

The four forms of addressing mentioned here can
be enclosed in parenthesis in the external language,
which involves setting bit 27 equal to 1. The signi-
ficance of this is that the address given does not be-
come the address of the operative element, but on the
other hand the address of an address. This again can
be marked by parenthesis and so on until an address
is found which is not in parenthesis. This so-called
indirect marking has the advantage that it is possible
to change an address in many commands by simply
changing the address in a single cell and thereafter
referring to this cell by the indirect marking.

If a command does not contain other elements than
those already mentioned, it can find a place in a half
cell. Two such commands placed in the same cell will
be located so that the first occupies the positions 0—9
and 20—29, and the second the positions 1019 and
30—-39. The cell is shown to contain two halfword
commands by setting position 40 equal to 1. If position
41 is also equated to 1, the command or commands in
the cell having significance in connection with the
floating point operations will be carried out in ac-
cordance therewith. This is shown in the external
language by adding an F to the statement of the ope-
ration. For instance a cell content can look like this:

ARF p-3, HV (r + 4)

This means that the computer, after having carried
out the floating point addition to the floating point
result register, must take the next command in the
cell whose address stands in cell r+4.

If a whole cell is used for a command, there is yet
another form of address modification possible which
in contrast to those already mentioned is a lasting
change, so that after being carried out the command
actually has had its address constant changed in the
storage.

If we write for example the command

AR 17 + 2
the first time the command is carried out it will have
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the same ecffect as AR 19, after which it will be
changed to AR 19+2. Next time it is carried out it
will have the effect of AR 21 and be changed to AR
21+2, and so on. The constant, positive or negative,
with which calculation is done is placed in positions
10—-19. If the address is determined through a chain
of parentheses, as described above, the computing
takes place in the remotest element not marked by
parenthesis.

In a fullword command the remaining positions
fall into two groups. The positions 30—32, which in
succession are designated X, V, D, bring about certain
modifications of the basic operation. X results in the
contents of the result register and those of the multiplier
register exchanging places when the operation is per-
formed. The multiplier register is the register where a
multiplier is usually located during multiplication. The
V-modification means that the contents of the next cell
must be skipped. This modification results in the con-
venience that storage of an intermediate result can
take place directly after the storage command which
in such case is V-marked. It also finds application in
connection with conditional commands whereby the
possibility arises of conditioning commands of various
logical functions. The significance of the D-modifica-
tion is not quite the same with all basic operations
but its fundamental meaning is that it makes the
the case in most electronic computers, it is not only
the jump commands which can be conditional.

A great proportion of the logic in a programme can
be managed by means of a device called the indicator.
This device, which is something peculiar to GIER, is
a register which serves to keep information about
overflow, zero situations, signs and markings (the two
last positions in a cell). Each command can be made
conditional to the momentary contents of this indi-
cator in addition to allowing each command to be
made conditional to the momentary contents of the
result register. Thus it must be stressed that, unlike
the case in most electronic computers, it is not only
the jump commands which can be conditional.

The indicator contains 10 positions which fall into
5 pairs. One of the pairs serves to retain information
on overflow and zero situation, one pair for keeping
signs and three pairs for marking. These positions are
designated in the stated order:

Oa, Ob, Ta, Tb, Pa, Pb, Qa, Qb, Ra, Rb.

The performance of an order can now be made de-
pendent of the contents of the indicator by the addi-
tion of for instance LPA. The command will then, and
only then, be carried out when Pa contains a one. LPB
allows the command to be performed when Pb = 1,
and LPC (= LPAB) makes the command conditional
upon Pa, Pb = 1,1. Similarly NPA means that the
command shall be carried out for Pa = 0, NPC for Pa,
Pb = 0,0. In a similar manner another indicator pair
can be utilized.

Information can be led to the indicator in connec-
tion with any command by means of indicator ope-
rations which begin with and I. ITA means that Ta
is made equal to 1, if the result of the operation just
performed is negative, and equal to 0 if the result is
positive.

ITB leads the information to Tb, and ITC to both
Ta and Th. Overflow is stored by analogous indicator
commands in Oa and Ob, and marking in one of the
last three pairs of indicator cells. Simultaneous with
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the cell contents being led to the arithmetic unit, the
marking of a cell will be led to two special cells
in the result register, though without taking part in
any way in the arithmetical processes. The mark-
ing of the cell can be led in the same command to the
indicator by commands like IPA, IPB, IPC, etc. The
performance of a command can also be made condi-
tional upon the contents of these two positions in the
result register, through commands like NA, NB, LC,
which are quite analogous with those commands
whereby an operation is conditioned by sign and
overflow, these being called for instance LT, NO, etc.
When the contents of a register are stored in the
storage, it is possible at the same time to decide the
marking of the cell, ecither unconditional as with the
commands M, MA, MB, MC which all give the cell
marking indicated, or with commands like MTB which
make the cell marking dependent upon the contents of
one or a pair of the indicator cells.

The last 7 positions in a fullword command is now
used to specify all these operations, positions 33—34
accomodating one of the operations I, M, N or L, posi-
tions 35—37 one of the adresses K, Z, O, T, P, Q or R.
The two last positions 38—39 indicate A or B (and
their combination C).

The three types of information enumerated up to
now: fixed point numbers, floating point numbers and
commands, are those whose form of storage is asso-
ciated with the design of the computer. Two other
types of information, the so-called groups of integers
which allow storage of up to four parameters in a
single cell, and text for which storage usually extends
over several cells, have a form of storage which is
solely determined by the reading programme.

The marking of cells described above has, as said
before, its special task in connection with com-
mands. The marking in cells not containing com-
mands can be freely used by the coder for the most
diversified of purposes. A frequent application will be
for specifying various subdivisions of numerical ma-
terial, whereby the coding can sometimes be facili-
tated considerably. A simple example may be visualized
in the following assignment:

We are given a number of observations which fall
into certain groups with a varying number of obser-
vations in the various groups. During the handling of
these observations it is desired, among other things,
to arrive at the sum of the observations in each group
by itself.

This can be realized in the following way: During
the input of the observations, the last observation in
cach group can be marked with an a, and the last
observation in the whole material marked with both
an a and a b. We can suppose that the observations
are stored in consecutive cells starting in cell 100.
The sums are desired to be stored in consecutive cells
beginning in cell 1, and it is required that the last
sum be b-marked. The following piece of programme
will then solve the problem presented

AR 99 IPC +1
HV 3-1 NA
GR 0 MPB +1
HVS r-3 NPB

next command

assuming that the result register contains zero when
the programme is entered.


































