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FOREWORD

In August 1961 the first Danish GIER manual ("Lere-
bog i Kodning for GIER") was published. The third revised
edition (again in Danish) was published in September 1962.
This manual is a translation of the third edition, with
only a few minor corrections.

As can be seen from the list of contents, this volume
contains a general outline of the features of computers,

a description of the structure of GIER, the instruction
format, the list of operations; and a section with examples
and exercises.

Very little has been said in this wvolume about peri-
pheral equipment and input-output routines, but these
topics will be covered in a forthcoming volume II. This
will be a translation of the firast (Danish) edition of
volume II, published in October 1963, and a.o. contain a full
description of the programming language SLIP, which allows
the use of symbolic addresses, and of HELP, the system of
administrative programs.

We would like to express our indebtedness to the many
pecople who have given us much valuable help in the prepa-
ration of this book. First of all, our thanks are due to
Mr. BJ. Svejgaard and Mr. T. Krarup, of the Royal Danish
Geodetic Institute, who have willingly answered a great
many questions.

Acknowledgement is also due to Mr. H. Isaksson, Mr. L.
Hansson, and Mr. P, Mondrup, who have participated in many
discussions and have suggested many improvements.

Finally, we would like to thank Mrs. Jytte Sellested
and Mr. George Alan Lake for their patient work with
translation of the Danish edition. Mra. Sellested has
translated and prepared the whole of the manuscript; and
Mr. Lake has read, critized, and corrected the English

manuscript,

Chr. Andersen Christian Gram
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1. DIGITAL COMPUTERS

1.1 Tntroduction

Before we discuss the electronic computer GIER we
have thought it reasonable tec give a survey of certain

characteristics common to electronic digital computersl).

Furthermore we will describe different aspects of these
computers.

The survey given in this chapter is by no means
complete. There is for instance little reference to the
technical aspects, but we hope that the reference given
to each item will be sufficient to ensure that readers
without advanced knowledge of digital computers neverthe-
less will be in a positien to study for themselves the
remaining contents of this manual.

Chapter 2 describes the construction and function
of GIER, while chapter 3 and the following chapters are
devoted to the information which the user (programmer)
must have at his disposal to be able to write programs

for GIER.

l) The big family of analogue computers will not be

mentioned in this manual at all.




1.2 Structure

By far the most electronic computers existing today
have the same basic, logical structure. Each computer

has an arithmetic unit, a storage unit, a control unit,

and certain peripheral units.

The arithmetic unit has certain characteristics in

common with the meodern desk calculating machine i.e. it
carries out the four basic arithmetic operations and
has space for recording a few numbers; these storing
spaces in the arithmetic unit are called registers. On
a desk calculating machine one can suffice with a few
registers as interim results can be written down on pa-
per and replaced in the machine later on. Such a proce-
dure necessitates that the machine stands idle several
seconds between each calculation, and bearing in mind
that electronic computers are very expensive this proce-~
dure is completely useless.

Therefore the electronic computer is provided with a
store, in which it can store the interim results (the
store thus replaces the paper). The time needed for the
computer "tc write a number" in the store or "to read a
number" from same is approximately 10_1l seconds, and
calculations in the arithmetic unit are carried out with
the same speed. Due to this high speed it is very econo-
mic to have extensive calculations carried out on elec-

tronic computers.

The store is divided into areas or drawers called
cells. A cell consists of a series of physical elements
each having a number of "stable states". In most com-
puters ecach element only has two states, and in that
case the elements are called binary (and the computer
in question is said to work in binary mode). Very often
each cell consists oﬁ 40 binary elements and in that

0

case there will be 2 different possibilities for
"the contents" of the cell.



Such contents we may call a digital pattern,which corresponds

to the contents of each element being called a digit or a
bit (binary digit). The two possible values are called O
and 1 (see chapter 1.5). The computer will often regard a
digital pattern as a (real) number, and each cell is thus
able to hold one number. Each cell has a number, an address,
and the computer is constructed in such a way that it is
able a.o. to perform operations such as "store this number
in cell so and so" and "read the number in cell so and so

and send it to the arithmetic unit".
In order to be able to carry out large calculations,

the computer needs a big store with space for many numbers;
a big store, however, that is "as fast as" the arithmetic
unit is very expensive. For economic reasons many computers
are therefore provided with a smaller, but fast working
store and a very big store, which is considerably slower

to write to and to read from. It is then necessary to con-
duct the calculations in such a way that the numbers used
most often are contained in the fast store while numbers
used only infrequently during the calculations are stored
in the slower store.

The control unit controls the course of calculations

in accordance with predetermined instructions, and the

control unit needs detailed information as to what is to

be done and in which order things are to be done. The

computer cannot invent new operations or methods; under
certain circumstances it may be able to choose between
different possibilities, but all possibilities must be
thoroughly considered and planned in advance by the insti-
gator.

The peripheral units are the computer's contact with

the surroundings, and it is through these units that the
computer receives information and delivers results. The
efficiency of this equipment varies very much from com-

puter to computer, and only little can generally be said.




However, only very few of the computers existing at present
are able to read hand- or typewritten numbers or letters.
The general principle is that all information for the com-
puter has to be transferred to punched card or paper tape
(this is done by means of specia' typewriters), after which
the input unit of the computer reads the cards or the tape
respectively.

A punched card is a rectangular piece of cardboard divi—

ded into a number of columns (usually 80), and each column
has 10 rows numbered 0, 1,...., 9, and two extra rows used
for control punching. A hole in a row represents the corre-
sponding number, i.e. the number 15 may be written with a
hole in row no. 1 in column no. 1 and a hole in.row no. 5
in column no. 2. Tn addition a combination of 2 holes in
the same column may be used to represent letters.

The principles for the use of punched paper tape are

similar to the above: Patterns of holes are made in rows

across the length of the tape, each pattern representing

a certain symbol (number or letter or possibly a typogra-
phical sign).

Punched card or paper tape is read by allowing the
medium to pass a feading head which is able to sense these
patterns of holes and send electric impulses, corresponding
to what is sensed, to -the computer itself. Reading from
peripheral units is often referred to as input. The convey-
ance of information to the peripheral units is known as
output.

Information may be output by means of an electric type-
writer which is directly connected to the computer. An ordi-
nary typewriter operates, however, very slowly compared to
electronic computers, and very fast printers (which write a
whole line at a time) are very expensive. By far the most
computers are provided with output units, which punch cards
or paper tape, as such equipment has a reasonable price and

is 10 times faster than an ordinary typewriter. Another not



inessential advantage is that in this way results written on
punched cards or paper tape can be read into the computer
again if they are to be used for other calculations.

If output is made on punched cards or paper tape it
is necessary to use paper-tape-controlled typewriters or
the like to translate the results into legible form after-
wards. These remedies, however, are considerably cheaper

in use than the computer itself.

1.3 Applications. A simple example of coding

To make full use of the high operating speed of the
electronic computer it is essential that it works more or
less automatically. In other words, a computer must receive
information in advance concerning everything which is going
to happen during a calculation. The cbmputer must have a
series of instructions, and these are then performed in the
order, in which they are written. The computer can only per-
form very elementary operations such as addition, subtrac-
tion, multiplication, or division of two numbers, transfers
(as mentioned above) and certain other administrative opera-
tions. Therefore, any problem, which is to be solved by an
electronic computer, must be thoroughly analysed and then

redefined in terms of elementary operations, which have to

be performed in a predetermined order. Programming is the

name given to this conversion of a given operation into a
series of elementary operations, which the computer can
perform.

For instance a computer cannot immediately perform the

following operation:
(1) Solve the equation: 22x + 32 = 479

because it requires exact information on how to handle the
matter. It helps considerably if the operation is formula-

ted as follows:

(2) calculate: x = 31235—23



It will not, however, be ready for machine processing
until we can imagine the numbers 22, 32, and 479 placed
in the store, for instance in cell no. 101, 102, and 103,
and after this give the computer the following series of

instructions (the following program):

"read the number in cell 103; send it to the arithmetic

unit"

*"read the number in cell 102, subtract it from that in

the arithmetic unit"

(3)"read the number in cell 10l; divide it into that in the

varithmetic unit"

"write on typewriter the number in the arithmetic unit"l)

"stop"
These instructions must be stored in advance in the above or-
der and for this purpose the same store is used as for storing
numbers. Many computers are constructed in such a way that
each cell is able to store either a number or an instruction.
It is convenient to use the same store for both things,
firstly because it makes the computer more flexible in use -
for some operations much storage space is used for numbers
and only very little for instructions and vice versa, and
secondly it means that the computer is able to modify its
own instructions, i.e. the computer can itself change the
method of calculation during sclution of a problem. However,
this can only be done in accordance with a plan fixed by the

programmer.

1) While the other instructions correspond with real facts,
this way of writing the output is a serious simplification
of the truth. In fact, at this stage of the program there
should have been a whole series of instructions which

should control the number of digits and decimals etc.



As we are going to show in the following, each cell
in the store can only store digital patterns, and if the
contents of a cell are sent to the arithmetic unit this
will be understood and treated as a number; but if the
contents of the same cell are sent to the control unit,
it will be understood as an instruction, which will then
be executed. The computer itself can in other words not
distinguish between a number or an instruction, and there-
fore the programmer has to decide and then keep track of
which parts of the store are used for numbers and which
parts are used for instructions.

The procedure necessary for the computer to solve the
above-mentioned problems is now as follows:

l) At first the necessary 5 instructions and 3 numbers
are punched either on paper tape or on cards. We might for
instance punch the exact digital patterms that represent
the instructions of (3) in the store; but as many electro-
nic computers use the binary system it will mean that each
instruction and each normal decimal number at first must be
translated or converted into a series of zeroes and ones
(and apart from the inconvenience herewith it would be
nearly impossible to do it correctly and to proof-read it).
Therefore, nearly all computers have a special input program
(which is placed in the computer at first), which reads

paper tapes or punched cards punched with more convenient
conventions (for instance a number is written in decimal
form), and this input program fhen translates the informa-
tion on the paper tape (or punched cards) into the internal
language of the computer. As to what is to be punched instea
of for instance the instructions in (3) can be found in the

operation list of the computer; the operation list first

describes which operations the computer is able to perform
and secondly gives information of what is to be punched for
each single instruction.

In this case one.may find that the instructions (3) must

be punched as




MOVE 103
SUB 102

() DIV 101
WRITE
STOP

as far-reaching mnemotechnical viewpoints must be taken into
consideration when choosing the "external" language, after
which an input program can be constructed in accordance here-
with.

Besides the instructions the numbers 22, 32, and 479
must be punched (as decimal numbers) and then read in by
means of the input program, which converts the numbers into
the number system of the computer (if this is not the deci-
mal system).

2) When the instructions have been read in, for instance
to cell no, 1, 2, ....., 5 and the numbers to cell no. 101,
102, and 103, the computer is started. Hereby the control
unit at first reads the contents of cell no. 1, interprets
it as an instruction and executes this (in this case the
number in cell 103 is read to the arithmetic unit); then
the control unit reads cell no. 2, interprets the contents
as an instruction, executes this etc. until the control
unit interprets the contents in cell no. 5 as a stop in-
struction and stops the computer.

It is a typical feature in by far the most electronic
computers that the instructions are automatically executed
in the order, in which they are placed in the store. However,
it is often of interest to let the computer repeat a calcu-
lation many times (for instance with new data each tiﬁe),
in other words to let the computer return to one of the
instructions already executed. For this purpose - and gene-
rally to break the natural order of instructions - the

so-called jump instructions are used. These instructions

are purely administrative, as execution of a jump instruc-
tion does not cause any calculation, but only that the next
instruction is taken from a new, further specified place in

the store.



Example 1.1

As an illustration of the use of jump instructions
let us take the above program (4). In this program the
instruction WRITE is a serious modification of the
truth, as no computer can do with one instruction only
(in the case of output of a numbef), because in some
way or another it is necessary to state how many deci-
mals must be included, how the sign must be written,
where the decimal point should be placed and s0 on
(and further, if the computer works internally in the
binary system it must make convertion into decimal
representation). As, however, the writing of results
is a function which is repeated in nearly all opera-
tions, a program for this special purpose is coded
once and for all and stored at a certain place in the
store, for instance from cell 1000 and onwards. If it
is desired as in program 4 to write out a result, the
WRITE-instruction is replaced by a jump instruction

as for instance
JUMP 1000

This instruction has the effect that after the instruc-
tion DIV 101 has been executed the computer carries on
with the instructions in cell 1000, 1001, ..... , until
the final result has been written on the typewriter.
This fixed writing program will often be followed by
another jump instruction, which makes the computer
return to the place where it left off, and thus con-
tinues with the STOP instruction in cell no. 5, i.e.

the computer stops.

1.4.Applications. Subroutines

The writing program mentioned in example 1.1 is a sub-
routine, i.e. a program which is permanent (and tested)
and which is able to perform some frequently recurring

problems.
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The most important subroutines for any computer are:

an input program, which - as mentioned in 1.3 - is able to

translate from our external instruction language and from
our decimal language to the internal representation of the

computer, and an output program for writing out results.

These routines are used so frequently that they will often
have a fixed place in the store.

As other illustrations of subroutines can be mentioned
a routine which can evaluate the square root of a given
number, a routine which calculates the cosine of a given
angle, a routine which can sort a set of numbers in the
store into order etc.etc.

All these routines cannot be permanently stored in
the computer due to the limited storage capacity, but it
is important that there is a good description of the exact
function of the subroutines and that there is easy access
to the actual code. If it is desired to use the square

root routine, the user has only to copy the routine al-
ready written into a suitable place in his own program.

Note: One of the characteristics of a good computing
centre is that many well written and easy accessible sub-
routines are available. It makes programming much easier
if many standard operations can be performed by means of

subroutines.

1.5 The Binary System

Since many computers use the binary system internally
because it is easier from an electronic point of view
(many electronic components are bistable, i.e. they have
two stable states), we will explore in this chapter the
peculiarities of the binary system and study the repre-

sentation of numbers in this system.

1.5.1 Fixed-Point Numbers

Any positive real number can be written as a

finite or infinite binary fraction, i.e. as a sum of

positive and negative powers of 2, each power having

the coefficient of 0O or 1. The binary point is used
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in exactly the same way as the decimal point, and binary
fractions are written so that they look like decimal frac-

tions except that only the digits 0 and 1 are used.

Example 1.2

In the following examples of the representation
of real numbers in the decimal system and the binary
system the decimal form is written in the left-hand

column and the binary in the right-hand column:

0 0

1 1

2 10

3 11

-4 -100

7 -111

8 1000
11.5 1011.1

1.75 1.11

0.4 0.01100110...

Very simple rules can be created for conversion of one

representation to the other and vice versa.

In example 1.2 the negative numbers are represented
by their absolute value preceded by a minus; the same system
might be used in an electronic computer if a special bit was
reserved only to show the sign. However, certain parts of
the binary arithmetic become simpler if a negative number
is represented by a complement, i.e. the positive number
which is obtained by adding a fixed power of two to the given
negative number (a power big enough to ensure positive repre-
sentation for all the negative numbers considered).

In many computers the range of numbers, which the com-
puter has been constructed to handle, is from -1 to +1. All
numbers in the computer are represented by a fixed number
of binary digits - for instance Lo as in GIER - and the built
in arithmetic operations of the computer treat these numbers
so that the first digit of the number is treated as a digit
before the point and all other digits are treated as digits

after the point developed as a binarv fraction.































































































































































































































































































































































































































































