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made, to determine the origin and date of formation 
of the deep-sea basins, as well as that of the major 
tectonic features. The considerable thickness of 
sediment overlying the rock substratum in the East 
Atlantic Basin suggests, on the assumption that the 
rate of sedimentation approximates to the rate in the 
latter half of the Pleistocene, that at least part of 
this basin is of considerable age. It is now possible, 
according to a personal communication from Prof. 
W. Weibull, to distinguish seismic reflecting layers 
which are separated by only 20 m., and the Swedish 
Deep-Sea Expedition found in the East Atlantic 
Basin three reflecting surfaces at 1,540 m., 2,220 m. 
and 3,460 m. This great thickness of sediment is in 
general agreement with that found by recent seismic 
refraction surveys carried out by the Department of 
Geodesy and Geophysics at Cambridge, and such sedi
mentary pools would, as previously noted, account for 
the large scatter of the isostatic gravity anomalies over 
the ocean, as compared with the much smaller scatter 
over the continental shelf. 

Important events during the Pleistocene or even 
earlier are revealed by sedimentary investigations on 
the long cores which can now be obtained using the 
Kullenberg piston core sampler ; and by means of 
statistical studies of planktonic organisms sensitive 
to temperature changes, it is possible to obtain a 
record of climatological changes during the Pleisto
cene, and to test the various theories concerning the 
origin and dating of these climatic changes. It would, 
for example, be significant to know whether these 
changes synchronize or alternate in the southern and 
northern hemispheres. 

The International Commission on Oceanography 
held its third meeting at Newcastle, and it was 
strongly urged that as a result of recent developments 
in deep-sea research international co-operation is 
desirable, and with this in view the Commission 
examined the desirability of establishing an inter-
national union or bureau. J. D. H. WISEMAN 
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THE UNIVERSITY OF MANCHESTER 
UNIVERSAL HIGH-SPEED DIGITAL 

COMPUTING MACHINE 
By _g.r.T. KILBURN 

T HE machine described here 
has be eloped in the Electrical Engineering 

Laboratorie at the University of Manchester under 
the d ection of Prof. F. C. Williams, and with 

assistance of the Telecommunications 
Establishment, Malvern. 

The use of electronics in machines of this type 
from the requirement for high-speed oper

atwn. A further consequence of this requirement is the 
desire to eliminate, so far as possible, the necessarily 
slow process of human intervention, which is essential 

at every stage of the solution if conventional methods 
of computing are used. The minimum extent to 
which this intervention could be conveniently reduced 
would be to present to the machine an oral or written 
statement of the problem, in much the same way as 
problems are presented to a human computer. 
Research in electrical engineering and mathematics 
has produced computing machines at Manchester, 
Cambridge and in the United States, of a type which 
approximate to this ideal. However, a simple 
statement of the problem is insufficient. The 
problem must be programmed, that is, it must 
be split up into a series of simple operations which 
the machine can perform. Each operation is repre
sented by an instruction, and these instructions, and 
the data which they control, are coded in a form 
which the machine can interpret. During the actual 
solution of the problem by the machine, however, the 
need for human intervention is entirely eliminated, for 
all the data-instructions and numbers-are loaded 
into the machine initially. The solution then occurs 
at a speed determined only by the electronic circuits 
used. To permit this initial loading, the machine 
must have a 'memory' or storage facility. One 
storage system used in the Manchester machine has 
been fully described elsewhere1• It is clear that as 
the capacity of the storage is increased, the pro
gramming of problems becomes easier ; for mathe
matical operations common to many problems may 
be programmed, and introduced permanently into 
the storage of the machine. It will then be necessary 
to construct only 'master programmes', which call 
upon these 'sub-programmes' appropriately, and a 
nearer approximation to the ideal is achieved without 
further engineering being necessary. 

The important engineering requirements resulting 
from the above discussion are as follows: (i) repre
sentation and interpretation of data ; (ii) storage, 
and input and output devices ; and (iii) computing 
circuits. These items are now discussed with reference 
to the machine at Manchester. 

Representation and Interpretation of Data 

The binary system of numbers1 is used throughout 
the machine, because of the simplicity and economy 
with which it can be represented electrieally. In this 
system of numbers, it is only neeessary to represent 
the digits 0 and 1. Thus, in a machine operated in 
the 'series' mode, the binary number 10101 (decimal 
21) is conveniently represented by a train of negative 
pulses oceurring sequentially on a single wire, as 
shown in Fig. I. 

Now, if the stored items of data are considered to 
exist in numbered 'addresses', s, in the main storage 
of the machine, and if, further, the operations or 
functions, f, whieh the maehine can perform are 
numbered, then it follows that an instruction, in its 
simplest form, consists of two numbers (s, f), and 
may be represented in the same way as a number. 
In fact, instruetions and numbers differ only in the 
way in which they are used by the maehine. Instruc-
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Fig. 2 

tions are converted from the 'dynamic' form shown 
in Fig. I into a 'static' form by a set of trigger 
circuits called a 'staticisor', and are held in this 
condition for a sufficient time to enable, say, a stored 
number to be 'read' from a selected address, s, and 
transferred to a selected computing circuit f. 

It will be seen that instructions specify addresses, 
and not the contents of those addresses. Thus, a 
programme is universal in the sense that, once devised, 
it can be used to operate on different sets of data 
without modification. 

Storage 
The main storage of the machine, which initially 

holds all the data relevant to a problem, is now 
discussed. 

An important feature of any storage system is its 
accessibility ratio, 

<X = t,ft2, 
where t, is the time taken to read a chosen address 
of the store, and t2 t 1 ) is the time elapsing between 
the demand for that information being made, and the 
end of the reading process. 

Clearly, it is necessary that the part of the storage 
to which access is frequently made should have a 
value of a approaching the optimum value of unity, 
if the time taken in solving a problem is not to be 
extended by barren periods of waiting. In the 
electronic storake system' used, a = I. However, it 
is unnecessary to have a = I for all the storage, and, 
in fact , a magnetic storage system, for which ex = 
I/I33, is used to supplement the electronic system. 
This is made practicable by transferring blocks 
(tracks) of information between the magnetic and 
electronic systems ; and by having sufficient elec
tronic storage to ensure that, on the average, access 
t o the magnetic storage is not a sufficiently frequent 
occurrence to affect appreciably the time of solution. 
With this proviso, magnetic storage is a useful, if not 
indispensable, adjunct in view of its compactness, 
permanence of record, and reliability. 

A photograph ·of the face of an electronic storage 
cathode ray tube, during the course of the solution of 
a problem, is shown in Fig. 2. The binary digits 0 
and I can be seen in the photograph, where they 
appear as dots, and vertical dashes, respectively. A 
single storage tube has a capacity of 2,560 digits, 
arranged in two rasters of television type, where each 
raster has 32 lines, and each line of a raster holds 40 

digits. The lines of the rasters, each 
of which holds one 40-digit number 
or two 20-digit instructions, corre
spond with the storage addresses 
previously mentioned. It will be 
seen that the 40 digits of a line 
are arranged in 8 groups of 5, which 
is convenient for visual reading of 
data, and corresponds with tele
printer practice. Input is at present 
achieved by a keyboard, arranged 
in the form of a typewriter, by 
which the state of any digit in the 
store can be changed from 0 to 1, 
or vice versa. Output is achieved 
by visual reading from the known 
answer lines, in teleprinter code, by 
inspection of a cathode ray tube 
face. These methods of input and 
output will very shortly be re-
placed by teleprinter apparatus. The 

conversion from decimal to binary, and from binary 
to decimal numbering, at the input and output, 
respectively, will be achieved by the machine itself. 

The magnetic system of storage2 uses a I2-in. 
diameter nickel-plated drum, rotating in synchronism 
with the scanning of the electronic storage tubes. 
Each recording track on the drum holds the same 
number of digits as a cathode ray tube, and the 
synchronized method of operation ensures one-to-one 
correspondence between digit position on track and 
tube. 

The present machine has an electronic storage 
capacity of 5,I20 digits, and a magnetic storage 
capacity of 40,960 digits. 

Computing Circuits 

In deciding whether or not to include a certain type 
of computing element in the machine, the frequency 
of occurrence of that computing operation must be 
balanced against the time taken for the machine to 
qbey a sub-programme designed to carry out the 
operation. Thus, special circuits are provided to 
perform addition, subtraction, multiplication and 
certain logical operations, but a sub-programme is 
used to perform division. 

The component elements of the computing and 
other circuits used are similar to those used in video
pulse circuits in radar•. As an example, it will 
therefore be sufficient to consider schematically one 
type of adding circuit. The rules of binary addition 
are such that 

x + y + w 2 implies a I in w', 
x + y + w < 2 implies a 0 in w' , 

and x + y + w -2w' = z, 

where x and y are corresponding digits of the numbers 
to be added ; w' is the carry digit ; w is the carried 
digit (that is, w' delayed by one digit period) ; z is the 
sum digit; and x, y, w', w and z are represented by 
zero or unit amplitude pulses. 

These rules are conveniently obeyed by the circuit 
shown schematically in Fig. 3, the important elements 
being the two amplitude discriminators, P and Q. 
These are arranged to deliver an output- pulse during 
a digit period, if the sum of the pulses in the input 
pulse trains during that period is equal to or greater 
than 2 and greater than 0 respectively. Discriminator 
P determines whether a I is to be carried, and dis
criminator Q delivers the output z. 
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Fig. 3. Schematic of adding circuit 

A subtracting circuit may be constructed in a 
similar manner to obey the rules of subtraction. 

In multiplication* the SO-digit product is formed 
by repeated addition to a running total of the multi
plicand, which is suitably shifted (delayed in time) 
for each I in the multiplier. 

In addition to these arithmetical circuits, it is 
useful to be able 'to operate on data digit by digit, 
carried digits being suppressed. For this purpose 
circuits which are much simpler than those mentioned 
above are provided to perform the logical operations 
'and', 'or' and 'not equivalent to'. 

Associated with the computing circuits is a storage 
tube called the accumulator, which holds sufficient 
lines (two) to record the partial answers. An elemen
tary computation is, in general, performed upon a 
number, x, obtained by reading the accumulator, and 
a number, y, obtained by reading a selected address 
in the main storage. The answer, z, is written into 
the accumulator over the previous contents, x. At 
any desired stage of the solution, a partial answer may 
be read from the accumulator and written into a 
selected line of the main storage, as a result of a 
suitable instruction. 

The Machine 
The most important remaining feature of the 

machine is the control of the order in which the 
instructions contained in a programme are obeyed, 
and this is now described, with reference to the 
schematic diagram of the machine, shown in Fig. 4. 

On the left of the figure is 'Control' 0, an electronic 
storage tube, holding two lines, which operates in 

INPuT 

trois S. Thus, in general, PI 
selects a line of the storage, and 
causes some function to be per
formed on the contents of that 
line. When the present in
struction has been obeyed, a 
further prepulse is given auto
matically, and the standard 
sequence is repeated. The time 
elapsing between adjacent pre
pulses is, except when multi
plying, l· 8 m.sec. 

It will be understood that 
the effect of adding unity tn 

01, after each prepulse, is to cause the instructions 
in a programme to be obeyed sequentially. Although; 
in general, this is required, some alternative, 
must be available, if only to prevent instructions 
being consumed and made redundant at the rate 
of about 500 per sec. In fact, the same instructions 
are used repeatedly during the solution of a prob
lem, and this is made possible by having the 
facility called 'transfer of control'' by which the place 
in the list of instructions, as 'remembered' by OJ, can 
be changed when desired. Such a transfer may be 
unconditional or conditional. In the unconditional 
case, use is made of one of two instructions which 
cause a chosen number to be read from the main 
electronic storage, and either written over or added 
to the content of 01. In the conditional case, the 
programme is arranged so that the sign of the content 
of the accumulator, A, as determined by a 'test' 
instruction, is the criterion. (A negative number -q 
is represented by 240-q.) If the content of A, which 
is indicative of the present state of the solution, is 
positive or zero, unity is added to 01 after the next 
prepulse, in the normal manner. If, however, the 
content is negative, 2 is added to OI at this time, and 
one instruction in the list is omitted. If this instruc
tion, which may or may not be omitted, is one of the 
type which modifies 01, a branching point has been 
created in the list of instructions, and the branch 
taken is conditioned by the present state of the 
solution. 

On the right of Fig. 4, the accumulator A and its 
associated computing circuits, any of which may be 
switched into play by appropriate instructions, are 

A 

conjunction with an adding cir
cuit. When a new instruction is 
required from the instructions 
stored in one of the main elect
ronic storage tubes, a 'prepulse' 
initiates a standard sequence of 
events. Initially, unity is, in 
general, added to the control 
instruction line of 0 (OJ), and 
the new content of 01 .controls 
the 'staticisor', S. The new, or 
'present', instruction (PI) is then 
selected from the main electronic 
storage, and written on the PI 
line of 0, as a result of the con
dition of S. During this initial 
phase of the operation, the con
tent of 01 has operated as an 
instruction to extract the next 
present instruction from the 

+2. 1fi'Tl&T 
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·storage. During the final phase 
of the operation PI, not 01, con-

• The circuit used was developed by 
A. A. Robinson. l<'ig. 4. The present machine 
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indicated. Multiplication involves the use of the tube 
M, the multiplicand being stated on the D line, and 
the multiplier on the R line. Products are added into 
the accumulator automatically. 

Storage tube B is a valuable auxiliary to the 
machine and is used for modifying instructions. 
Instructions can, of course, be modified by the 
normal processes (A and M, etc.) in the same way as 
numbers, but this is often inconvenient and wasteful 
of time and storage space. Therefore each instruction 
(s, .f) is preceded by a single digit called the b digit. 
If b = 0, the content ofline BO of B (normally zero) 
is added into the present instruction as this instruction 
is written into the PI line of C, that is, before this 
instruction is used. If b = I, the content of line BI 
of B is used in the same manner. Numbers are 
written into B from the main electronic storage, 
exactly as they are written into M, say. 

Loading between the magnetic and electronic 
stores, and vice versa, is at present achieved manually. 

Immediate future development of the machine will 
include the provision of more lines on the B tube, 
further extension of the capacity of electronic and 
magnetic stores as required, improved input and out
put facilities, and automatic interchange of informa
tion between electronic and magnetic stores. 

I wish to acknowledge my indebtedness to Prof. 
M. H. A. Newman, and Mr. A.M. Turing for much 
helpful discussion of the mathematical requirements 
of digital computing machines; and to Mr. G. C. 
Tootill, who has collaborated in the design of the 
machine. 
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FORESTS AND MAN 

A SERIES of five papers Q.er the · of 
"Forests and Man" were \lea the 

British Association m t ewcas S m-
ber 5 at a co · ed eting on · ot ny) 
and K* (Forest . rof. H. . ampio , chairman 
of Kt, resided. 

papers were chiefly concerned with the 
history of British forests, and the later ones dealt 
with forest conservation. Dr. K. B. Blackburn out
lined the history of the study of prehistoric forests 
and showed how the technique of pollen analysis, 
based on the counting of pollen grains preserved in 
the peat, had proved a tool of progressively increasing 
usefulness in revealing the details of forest history. 
The details for northern England were illustrated 
from the results of the study of a deep peat from 
Broadgate Fell, Northumberland, with continuous 
deposits from the end of the ice age up to present 
times. Here the graphs of pollen percentages showed 
features similar to those described by Dr. H. Godwin 
for East Anglia : first, a forest of birch yielding 
somewhat to pine as the hazel comes into prominence; 
then elm and oak appear, followed by a conspicuous 
rise of alder in a country now dominated by forest ; 
later elm falls off ; and afterwards a decline in tree 
cover is shown by proportionally large amounts of 
the pollen of herbaceous plants. The northern 
diagram differs, however, in having, throughout, 
larger quantities of birch and much smaller quan-

tities of oak. Lime is very poorly represented, and 
beech and hornbeam are absent. In other northern 
deposits the percentages of pollen of pine, elm 
and oak may differ considerably, but the general 
trend of the curves for individual trees remains the 
same and may safely be put down to climatic changes. 

Dr. Verona Conway introduced the question of the 
influence of man on the forests as shown by pollen 
analyses from three different localities. She first 
described how Iverson correlated charcoal layers 
found in Danish peats with changes in the vegetation : 
a fall in amount of tree pollen due to the fire was 
followed by a rise in hazel, birch and alder, at the 
expense of oak, with accompanying weeds of culti
vation, such as ribwort plantain, and some cereal 
grains. Later, oak recovered. This was associated 
with the activities of the Neolithic farming people. 
Her second example was from Dr. Godwin's work at 
Rockham Mere, Breckland. Here, at the horizon 
where elm falls off in quantity, the sudden increase 
of herbaceous pollen indicates a reduction in forest 
at a period earlier than normal. This again can be 
associated with the arrival and activities of Neolithic 
man. Lastly, Dr. Conway referred to her own work 
at Ringinglow Bog, near Sheffield, where the sudden 
increase of herbaceous pollen was later, and by 
careful calculation of depths, worked out as being at 
A.D. 1100-1200. This probably corresponds to the 
appearance of sheep farming associated with the 
wool trade carried on by the nearby Cistercian 
monastery. 

Dr. Frank Darling followed with a paper on "The 
History of the Scottish Forests". He explained that, 
though the fate of the early forests was due to the 
encroachment of the mosses, the disappearance of 
the later forest could be put down to a series of 
human activities. First, the Hallstadt Celts cleared 
around their living places on the coast and eastern 
plain, and the Romans destroyed trees as a military 
measure. Forests in the north and west remained ; 
the Vikings in the ninth to the eleventh centuries 
burnt these from the coast ; but perhaps the greater 
destruction was in the exploiting of forests to obtain 
timber for shipbuilding, and later charcoal for iron 
smelting. 

The southern uplands were cleared in the fifteenth 
century with the introduction of sheep farniing. 
North of the Clyde this did not begin until 1760, and 
in Ross not until early in the nineteenth century. 
Lastly, forest was cleared to get rid of wolves and to 
round up Jacobite fugitives. Nowadays, only small 
areas of natural birch and oak wood remain, and the 
pine forest with characteristic undergrowth is reduced 
to a few hundred acres. 

Planting began in the early eighteenth century 
when the Countess of Seafield put in twenty million 
trees, but even now planted forests cover a relatively 
small area. Dr. Darling urged that the time is ripe 
for the land to go back to a forest continuum, as the 
sheep have been there too long. 

Dr. C. Jacquiot, of Fontainebleau, then considered 
the question of forest conservation. He contrasted 
the traditional definition used in the Forest School 
at Nancy, "the keeping of the forest identical 
to itself forever as considered in time and space", with 
the simple one of maintenance of forest on wooded 
land. 

Study of the biological reserves in the Forest of 
Fontainebleau has helped to arrive at a scientific 
basis of conservation of the less rigorous type. This 
forest reserve consists of various ages and species of 
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