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numbers. If, when first mentioned, a square has any bit other than the sign bit non-zero, 
an input error, minor square mentioned twice, is signalled. Whenever an error is detected, 
an appropriate message is output and an error marker is set. 

The input letter strings are packed into one word each. The input symbols read by 
K-Code are of 8 bits each, so the longest possible string, 6 letters (e.g. WOSCLA) just 
fits into one 48-bit word. Had there been 7-letter input strings the programming would 
have been considerably more difficult. 

An assembled input string is compared word by word with a permanent list of 204 
permissible strings. The subscript of the list word which matches the string gives a simple 
encoding, a number from 0 to 203 inclusive, of the input word. If no match is found the 
'code unacceptable' error occurs. After a successful search of the list, the encoded form of 
the input string is used in three ways: 

1. Placed directly onto magnetic tape, so that the input data, encoded, will be available 
for future work without the necessity of reading the paper tapes again. 

2. As subscript to control the adding of 1 to one of 204 counters, thus accumulating 
the raw material for the statistics. 

3. Also as subscript, to select a shift length. A 1 bit, shifted by this amount, becomes 
a marker for an occurrence in that major habitat/frequency and is combined with 
the previous contents of the correct work in the map image by the logical 'OR' 
operation, thus avoiding disturbing any markers already present in that word. 

When the map is complete, known by the detection of the character '>' on the input 
(an arbitrary choice from the unused symbols on the teleprinter keyboard) the error marker 
is consulted. As messages are output as soon as an error is detected, if the marker is set no 
further action for that species is needed. 

Assuming the error marker clear, however, the next action is to convert the map 
plotted by squares into the map plotted by tetrads. Suitable indexing selects the four squares 
forming one tetrad, and they are combined into one word. A slight complication arises 
here. A species may be both abundant and occasional in the same major habitat-e.g. 
abundant in oak woodland, occasional in mixed woodland. An abundant symbol 
blots out an occasional symbol in the plot, but to draw the thin symbol would be a 
waste of time and money. The routine which combines squares into tetrads therefore 
erases occasional observations wherever there is an abundant observation in the same 
tetrad and major habitat. This is achieved by a combination of shifting and logical oper
ations. The tetrad record is placed into the appropriate location of a tetrad array, which 
is filled up by a suitable scanning process and becomes the final map image. This image is 
placed on magnetic tape ready to be handed on to program 2. 

The statistics are assembled from the 204 counts, suitable totals being taken and the 
information re-ordered with the most favoured habitat being printed first, then the next 
most favoured and so on. Zero counts are suppressed. 

The sketch map is formed by printing 'space' if a zero word is found during scanning 
of the tetrad array, 'X' if the value is greater than 511 and' +' if the value is non-zero 
but not greater than 511. Details of the county boundary are held in preset CV') stores 
in which each bit represents a tetrad, being 1 if the boundary passes through that tetrad, 
zero if not. If the tetrad is empty, the appropriate bit is consulted to decide whether or not 
to print full stop. 

The second program takes the first program's map images from magnetic tape and 
prepares a new magnetic tape which the final program converts into paper tape for the 
plotter. Having obtained an image from magnetic tape, program 2 scans it row by row. 
Each row is 'pre-scanned' from left to right and the positions of the left-most and right
most occupied tetrads compared with the current pen position. The latter is held in two 
words, one for X and the other for Y, and is assumed to start at the top left corner of 
every map. If the pen is nearer the left-most symbol the row is plotted with the pen moving 
generally from left to right, and vice versa. This is not a perfect way of choosing the shortest 
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path to visit every symbol, but it is a reasonable compromise between waste pen movement 
and program complexity. 

Having selected an occupied tetrad, the computer recalculates the current pen position 
in terms of an origin at the bottom left corner of that tetrad. All plotting uses this 'floating 
origin' technique; its advantage is that the symbol-drawing routines need not keep track 
of the varying positions of the symbols relative to a fixed origin. Instead they work relative 
to an origin which is always in the current tetrad, and a short and fairly simple routine 
moves the origin from tetrad to tetrad. 

The computer now examines all entry points to all symbols in the selected tetrad and 
picks the nearest one to the current pen position. An entry point is a point at which drawing 
of a symbol may start ; for example, the 'woodland occasional' symbol, a vertical line, 
may be drawn either by taking the pen to the top centre of the tetrad and moving it down, 
or by taking it to the bottom centre and moving it up. Top and bottom centre are the two 
entry points for this symbol. For the thick symbol, a narrow vertical rectangle, there are 
four entry points, one at each corner. Similar entries exist for all symbols, and having chosen 
the handiest the computer raises the pen and takes it to that point. No movement may 
be necessary, as with 'waterside' and 'water' symbols in the same or horizontally adjacent 
tetrads, in which case the pen is not raised. 

Each symbol, including the circle, is built up from straight lines, and each straight 
line is defined by two items. It is rather easy to split KDF9 words into three 16-bit parts, 
known as the C, I and M parts. (Exactly why they are given these names would take us too 
far from our present subject.) Having selected a symbol entry point, the computer refers 
to a word whose C part specifies how many steps are needed to draw the first line of the 
symbol. The M part holds a bit pattern which can be interpreted as a step instruction by 
the plotter, so that between them the C and M parts completely specify the line. The I part 
is zero if that line completes the symbol, non-zero if at least one more line is needed to 
complete it. In the latter case, similar details for the next line are in the next word on the list. 

This can best be explained by an example. Three lines are needed to draw the 'wood
land abundant' symbol starting at its top left corner. The symbol is a rectangle 60 steps 
high and 2 steps wide, and the relevant control words are: . 

Word 1 C part 60 (Steps down) 
Word I I part Non-zero (Another line follows) 
Word 1 M part 'Down' (Expressed as a plotter control) 
Word 2 C part 2 (Steps across) 
Word 2 I part Non-zero (Another line follows) 
Word 2 M part 'Right' (As a plotter control) 
Word 3 C part 60 (Steps up) 
Word 3 I part Zero (Symbol complete) 
Word 3 M part 'Up' (As a plotter control) 

Compare with this the single word used to draw the 'woodland occasional' symbol 
(vertical line ) from the top: 

C part 
I part 
M part 

60 
Zero 
'Down' 

(Steps down) 
(Symbol complete) 
(As a plotter control) 

Similar sets of words are provided for every entry point of every symbol, together 
with a 'symbol directory' giving details of where they begin in the control word array and 
of the pen positions before and after drawing them. 

Having plotted one symbol the computer removes its marker from the map image 
and checks if the current tetrad is now empty, i.e. all symbols in it have been plotted and 
their markers removed. If not, the process of finding the nearest entry point to the (new) 
pen position, going to it, plotting the symbol and removing its marker is repeated until the 
tetrad is clear, when the next occupied tetrad is found, dealt with and cleared in the same 
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way. After one row has been plotted the next is examined, the decision to plot from left 
to right or right to left made afresh and the whole process repeated until the map is complete. 

The map area is extended by four rows above and below the county, and the fiducial 
marks are created by putting dummy 'woodland occasional' and 'waterside occasional' 
observations into the top left and bottom right tetrads. These plot as vertical and hori
zontal lines, which combine to form '+' crosses whose centres, always in fixed positions 
relative to the map grid, are the fiducial points. 

On magnetic tape a line is represented by two or four 6-bit characters. In the two 
character case, the first is the actual control symbol for the plotter, which occupies 5 of the 
6 bits. The next 6 bits are a binary number giving the length of the line in terms of plotter 
steps required to draw it. If the line is longer than 63 steps, the sixth (32) bit of the first 
character is made 1 and the second character is the quotient on dividing the number of 
steps required by 64. Any remainder is dealt with by another two characters, the first with 
its 32 bit zero and the second directly specifying the remainder. This system cannot draw 
lines longer than 

(63 X 64) + 63 = 4,095 

steps. The longest possible line on a map, right from top to bottom, is 3,180 steps, so this 
limitation is not important. 

The final program simply transfers the information from magnetic tape to paper 
tape. It takes two 6-bit characters from magnetic tape, examines the 32 bit of the first and 
if it is I, clears it and multiplies the second number by 64. The first character is then output 
to paper tape the specified number of times. This system, which effects a considerable 
economy of magnetic tape, is to be adapted as part of the on-line plotting system when 
Birmingham University's plotter is delivered later this year. 
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