
STUDIA GEOBOTANICA 
4: 63-99, 1984 

SPAGHET: A COENOCLINE SIMULATOR USEFUL TO CALIBRATE 

SOFTWARE DETECTORS 

M. LAGONEGRO 

Keywords: calibration, simulation, software. 

Abstract, A coenocline simulator is described, which allows one to calibrate programs or chains of 
programs before using them on survey data. An example is given, and the listings of two versions of the 
simulator, in BASIC and FORTRAN respectively. 

lntroduction 

When a research branch grows beyond a certain threshold level, more and more 
facts drive the researches and the scholars toward the use of computer programs, 
often linked into sophisticated chains. The first is the horrendous amount of data 
collected in decades of field surveys or laboratory experìments, which makes it 
impossible to extricate sensible result by sheer visual inspection and clever 
intuition. One has to sort, select and .reorganize the data sets into data banks, in 
order to achieve tables reflecting the logical structure of a targeted search through 
ali the archives. This new table will be cleared of ali the information not consistent 
with the intersection of parameters which have driven the search process. 

Eventually the need arises to tray to extract would be relations among these 
parameters. They are indirectly represented in the table, as species counts or 
states. For this, as it is typical of a mature science, one uses indirect techniques, that 
is computer codes which make use of numerical indexes, which in turn reflect some 
assumptions on the underlying structure of the involved relations in the data. 

At this point there is the danger of finding artifacts rather than the real structure. 
To reduce the chances of this actually happening, one has to follow the path of 
calibration of software detectors he is going to use. So let us see what we need to 
perform a reasonable calibration. 

A calibrating program must allow the user to simulate a good many features of 
the actual working condition, under which data are usually collected. For this 
purpose some error generating routine must be provided, which allows- to simulate 
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errors usual in data collection. However, user control must be allowed at any level he 
choses. Finally, the program must be able to give the user some theoretical 
reference condition that could be thought of as the result of a perfect measurement. 
In this way one will know how near to or far from the perfect condition the software 
detector is working. 

SP AGHET is one of these calibrating programs. Another for example is by 
Gauch (1976), SPAGHET assumes a certain underlying model of coenocline, in 
which a given number of characters reacts to a complex of conditioning factors, 
which internet with each other in some not always known way to give size to an X 
axis. This axis represents the field of definition of the response functions, whose 
shapes, intensity and types can be vari ed (Austin, 197 6a and b). 

SP AGHET has already been used to test the performance of program COCHIS 
(Feoli & Lagonegro, 1983) and in teaching. It is routinely employed when a program 
chain has to be tested before release to the users. Another example of its usefulness 
is given in this volume (Feoli & Lagonegro, 1984). SPAGHET has been written in 
FORTRAN IV for a CDC 170/730 CYBER, operating under NOS 2.1. Two 
simplified versions have been realized in BASIC for APPLE II plus and OLIVETTI 
M20 ST respectively. The differences will be pointed at in the following. In the 
appendix are reported the listings of an updated FORTRAN version, called 
NEWSPAG and of the OLIVETTI M20ST version. APPLE users who want to 
implement it on their computers may have only to change the OPEN and CLOSE 
instructions and substitute the LPRINT instruction with the usual DOS command 
which sends the output to the appropriate printer slot. 

1. Technical description of SPAGHET

In Figure 1 is given a simple example of the coenocline model on which
SPAGHET is based. In the example all the response functions tre Gaussian, since it 
gives a clearer picture, but other shapes are allowed, in order to attain a more 
realistic simulation. 

1. 1. Types of response functions

Four types of response functions are possible in Spaghet, and they are:
Gaussian g (i, X)= h (i)* exp (- (X - m (i)) I s (i))2) 
Bimodal b (i, X) = g (i, X) - g (i, X + 4s (i)) 

where m (i) is the position of the mode, while s (i) is the dispersion 
parameter sigma 

Poisson p (i, X)= h (i)* (1/X!)* m (i)X* exp (- m (i)) 
Mirror-poisson p (i, X max - X)

where X max is described in Fig. 2 and m (i) is the mean value, e qual 
to s (i) A2. This sort of response function assumes non-zero values in 
an interval from O to 16, centered at the mean position. 

Only the first type has been implemented on the APPLE II plus and OLIVETTI 
M20ST. 
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Fig. 1 - Plot of the 8 response functions and of the 16 sampling units reported in Table 1. Capitai 
letters label tbe functions, while numbers label the units. 

(a) (b) 

\ 
(d) 

ì� 
�-----------�-� -�""""-------------"W 

Fig. 2 - Types of response functions allowed in NEWSPAG: (a) gaussian, (b) bimodal, (e) poisson, (d) 
mirror-poisson. Only tbe first type is allowed in the versions for APPLE II and OLIVEITI 
M20. 
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1.2. Evaluation of function parameters and sampling unit positions 

The type can be fixed ftom outside by the user, if he wants to test some ideas, or 
it can be randomly generated and assigned. The variable X ranges from O to a 
maximum value given in input, toghether with the number of the response functions 
and sampling units. The later are indicated in Fig. 1 by vertical bars. The value of 
the i-th response function in the j-th sampling unit is just the value assumed by the 
function at pointX = Xj (Fig. 3). Errors are introduced by allowing it to be randomly 
chosen inside an interval centered on the theoretical value, with amplitude allowed 
by a given "noise" factor, which is also an input quantity. Eventually, to simulate 
frequency counts, the value is given that of the nearest integer number. 

The range depends on the desired average density of response function per 
arbitrary unit of the coenocline. In the case shown in Fig. 1, 8 functions have been 
generated, with 16 sampling units, in a range of value 4; so we have there an average 
density, both of response functions and sampling units, equal to 2 and 4 
respectively. On this range value depend also the minimum and maximum values of 
the parameter s (i), measuring the dispersion of the i-th function. The values are 
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Fig. 3 - Two functions (D and G) and four sampling units (3, 4, 5, 6) from Fig. lare reported. In case of 
O'lr noise, the values of the response functions in the four units would be those written near the 
circles. On unit 6 is reported an interval (from about 3 to about 6) into which would have fallen 
the simulateci datum in case of 60% noise (+/- 30% around theoretical value, and then 
rounded to the nearest integer). 
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computed according to: 

s (min) = Range value/20 
s (max) = Range value/5 

The functions and the sampling units are generateci at random and the letter 
labels indicate the order of generation of the first, while the numbers are employed 
for the others. 

The height h (i) of the functions at the mode is given in input or randomly 
computed inside an interval depending on the maximum value which the user 
chooses. The interval limits are: 

h (min) = 1 
h (max) = Max value 

The m (i) are assigned by the user or randomly generated in the interval from O to 
the Range value. 

1.3. Generation of tables 

When ali the functions and the sampling units are defined, a table is produced 
with the response functions as columns and the units as rows. The table, including 
noise and rounding effects, is then written to a proper file. In this form it is ready for 
input in a chain of software detectors. 

In the case ofFig. 1, the maximum response value is 9 and the noise level is 30% 
(0.3). The simulateci coenocline has the characteristics of Table 1. 

The resulting data table (including a noise fluctuation of 30%, that is + - 15% 
around the theoretical value) is shown on Table 2. 

Generating the same simulateci experiment, but with 0% noise, gives a table with 
23 non zero numbers differing by one or two units from the corresponding elements 
of the 30% table; this incorporates a good 18% of the whole table and a 37% of the 
non zero elements. 

The simulation of the condition of "perfect measurement" is performed via a 
large number of equally spaced sampling units; it is clear that the larger the number 
the better the simulation. Anyhow, after a certain number of units the results 
become stable and one choses the least expensive in terms of time and computer 
resources. Such a perfect sample, with 100 units, is reported in Fig. 4. One could 
think that also a very dense random sampling could simulate this condition; may be, 
but one has to generate a very large number of data points, without being sure of 
having obtained the asymptotic condition of the theoretical measurement. To look 
at the effect of this technique a random sample of 100 units has also been generateci. 
In the following paragraph the three tables will be processed via a well known 
procedure and the results will be compared to one another and with the content of 
Fig. 1. 
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Table l - Characteristics of the 8 response functions and positions of the 16 random generated 
sampling units. 

h (A1ir1) =1 h(ma:d=9 

Functim, r11Jmber i=l (A) 

2ce.J 

3(C) 

4 (D) 

5([) 

6(F) 
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8(H) 

5ampling unit nu�ber j= 1 
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3 

4 

5 
6 
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9 

2. Calibration of a software tool

10 

11 
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S (Rli n) =4/20=0, 2 s (Ola:-:) =4/5=0. 8 

h(i)=2.39 m(i)=l.02 s(i)=0.67 
6.71 
8.69 

6.09 

3,80 
4.01 
7.84 

5.36 

Xj=2.22 

2.60 
1.44 

2.41 

3.34 
1.15 
3.36 

2.25 
2.70 

2.82 

0.20 

2.71 

1. 74

1.64

2 .19

2.40

0.29 0.43 
1. 49 0.21 
1. 73 0.79 
1. 98 0.28 
3.78 0.63 
1.39 0.60 

2.28 Q ')r, 
,t .. <'.. 

Suppose now that we want to calibrate the well known procedure of eigenana­
lysis on a correlation coefficient matrix derived from the data table. What we want to 
see is if the procedure can work with a sampling error rate of up to 30%. We first 
compute the simmetrie correlation matrix, which is given in Table 3. 

Now we submit this matrix to an eigenanalysis in order to get the eigenvalues and 
the associated eigenvectors. After having written the last ones to a file, we call into 
action a plot routine. The results of the plot is displayed in Fig. 4. We note the 
appearance of the typical horseshoe trend in the scatter of the 8 response functions. 
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Tahle 2 - Data table resulting from computing the response function values at the Hi sampling units 
and allowing 301/r noise, that is a 151/r range offluctuation both over and under the theoretical 
value; the values cannot anyhow he greater than the maximum allowed for the response 
functions. 

Response functions 
A B C O E F G H 

Samplirig uni ts ' 4 2 3 5 
') 3 , 1 1 O '- ' 

3 ') 6 5 O , 6 ... ' 

4 ' ' 3 1 2 4 

5 ' 1 ' 3 
6 2 1 2 4 ' 5 

7 1 2 

8 4 2 I 2 5 

9 2 1 1 1 

10 ') 1' '- ' 

11 1 6 1 1 

12 2 1 1 1 

13 3 5 2 6 

14 5 4 2 6 
15 4 3 3 5 

16 ' ' . 3 1 2 4 

One can now compare sequence and groupings with the situation depicted in Fig. 1. 
We submit then the first three components (eigenvectors) to a three-dimensional 
Minimum Spanning Tree (MST) procedure, to obtain a more complete information 
about mutual relationships between pairs of response functions. The result is shown 
by te arrows in Fig. 4. 

W e impose this sequence as column order on the originai table and rearrange it 
internally, by shifting the elements of each sampling unit after this order of 
functions. Then we reorder the unit positions (that is the row sequence) in the table 
by putting first that which has non zero valued elements corresponding to as IBany 
as possible of the response functions coming first in the column sequence, and so on. 
The results are shown in Table 4a. One can easily spot the characteristic trend of a 
coenocline. By comparing the sequence of sampling units with those in Fig. 1, one 
can see that the analysis has been quite successful, since the groups and their 
sequence have been properly identified. 

A minimum has been found between functions G and C, thus suggesting the 
existence of two broad groups offunctions, (H, D, G) and (C, A, B, E, F), The same 
grouping is suggested by average linkage clustering performed on Table 3, the 
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Table 3 - Matrix of correlation coefficients between pairs of response functions, computed hased on 
the 16 random sampling units. 

Colmins 

1 ') 3 4 5 6 7 8'-

Rows 1 1. .733 ,5B3 -.929 .503 .006 -,339 -,572 

2 1. ,143 -,716 ·.293 ,006 -,447 -,378

3 1. -,491 .172 -.204 .260 -.719 

4 1. -,639 -.104 .415 .401 

5 1. -,191 -,472 , 192

6 1. -.577 -.265

7 1. -.110

8 1.

X2 

i:::, 

(1 

Xl 

A 
w 

B 

F 

(1 H 

F'ig. 4 - Results of eigenanalysis on the correlation matrix among funrtions. First two eigenvcctors 
used with 45,66'/, and 23,91/r (cumulative 69,561/r of variance accounted for). Arrows indicate 
mutuai M.S.T. relations suggested by a three-dimensional plot routine which uses three 
eigenvectors (cumulative 87 ,51/r) and a distance matrix to give M.S.T. pairings (for its listing 
see in Appendix Cl. A minimum has been found between C and G. thus suggesting the 
existence of two broad groups (HO G) and (CA B E F). F has been joined to B as the last 
unassigned function left at the end of the clustering process. 
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Table 4 - Data table (Table 2) rearranged first by ordering columns according to MST hased on 
response functions (a), then by performing the same but with order from MST based on 
sampling units (b). 

Response functions 

Sequence froru HST F, A E e G o H F 

S;;impli r,g_ ur1i t number 6 1 
"' 

2 5 4 L ' 

11 6 1 ' ' 1 1 ' 

13 1 
"' 

3 6 5 L 

14 ' 1 2 5 6 4 

3 ' 2 ' 6 6 5 

1 2 ' 3 4 5 

4 ' 1 2 3 4 

8 2 ' 2 4 5 ' 

15 3 ' 3 4- 5 ' 

16 1 ' 2 3 4 ' 

9 1 
r\ 

1 1 (.. 

12 1 2 1 1 

2 1 3 1 

5 1 3 

7 1 2 

10 ' 2 1 

( ;;_i ) 

Saijpling unit nurubers 
Sequence fro�i MST 5 7 10 9 12 2 16 15 8 4 1 13 14 6 3 11 

Response functions D 1 1 2 2 2 3 4 4 4 3 4 6 5 3 5 1 

F 3 3 1 1 1 1 ' 

G 1 1 1 1 2 ') ') 3 6 7 6 6 1 .:. .:. 

H,, ' ' 1 1 2 3 4 5 4 5 ' 

E 1 
"' 

2 1 2 
" 

1 1 L L 

A 1 1 2 2 1 

e i � 5 ') 8' ' ' '-

B 1 5 

( b ) 
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rf 11 
Xl 

10 

Fig. 5 - Results of eigenanalysis of correlation matrix for sampling units. First two eigenvectors 
account for 48,79% and 22,80% (cumulative 71,59% of the tota! variance). Arrows indicate 
suggestions of a three-dimensional M.S.T. procedure (cumulative 89,56%). Three minima are 
found, thus isolating four groups of units, (5 7) {10 9 12 2) (16 15 8 4 1) {13 4 6 3 11). This fits 
well with the structure shown in Fig. 1, ali the lateral branches are very short and the sequence 
looks good indeed. 

dendrogram of which is given in Fig. 6. If one examines Fig. 1, one sees the two 
function groups appear well isolated. The only exception is function F, which does 
not belong to the group it has been assigned to. The assignment is due to the fact 
that F was the last unassigned item and it was connected with the nearest of the 
other ones, no matter how feeble the bound was. Identica! results were obtained by 
sum of squares agglomeration using the euclidean distance matrix based on Table 2. 

By submitting to the same analysis the sampling units, the results shown in Fig. 5 
and Fig. 6 are obtained. Table 4b contains the transpose ofTable 2, rearranged this 
time after the order of the sampling units. W e can see that four roups of releves are 
put into evidence by the MST procedure, that is (5, 7) (10, 9, 12, 2) (16, 15, 8, 4, 1) 
(13, 14, 6, 3, 11). This fits very well with the evidence of Fig. 1; all the lateral 
branches are very short and the sequence looks pretty good. The clusters from an 
average linkage procedure are shown in Fig. 7, and give the same suggestion, with 
only unit 11 out of the groups. One can see the typical stairwise linking of groups, 
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A B E c F D G H 

Fig. 6 - Cluster formed by average linkage clustering based on the correlation matrix among 
fu net ions. Two groups are suggested (A B E C F) and (D G H). 

1 4 8 15 16 2 9 12 10 3 13 14 6 5 7 11 

Fig. 7 - Cluster formed by average linkage clustering based on correlation matrix among sampling 
units. Five groups are suggested (1 4 8 15 16) (2 9 12 10) (3 13 14 6) (5 7) (11). 
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from left to rigbt, wbicb also bints tbe presence of a coenocline inside tbe data. A 
clustering procedure performed via sum of squares agglomeration adds elements 
5. 7 .11 to anotber group, tbus sbowing only tbree broad groups. Tbe cross matrices
are reported in Table 5, togetber witb tbe level of significance of tbe comparisons.
We see tbat tbe tbree classifications are statistically identical, so tbat we can use
wbicb of tbem we want to. By tbe way tbis comparison was not necessary in tbe case
of tbe response functions, since tbe three suggestions were identical.

So mucb for tbe sampling units, since tbey bave been classified and ordered 
quite satisfactorily and one can say tbat tbe praxis works very well on coenocline 
detection via tbeir analysis. 

Now it comes to do tbe same processing on tbe data matrix produced by tbe 
"perfect sampling", in order to verify tbe correspondence tbat tbe best experi­
mental condition we could ever dream of (Fig. 8a} bas witb tbe preceeding case. In 
Fig. 8b we bave tbe scattergram and tbe suggestions of MST: three groups can be 
identified, tbat is (D, G) (C, A, B) (E, H, F), witb tbe last two closer eacb other tban
witb respect to tbe first. Tbe average linkage clustering sbows (Fig. 9) tbe structure 
(A, B, C, E, H) (F) (D, G}, witb tbe first group exibiting tbe two substructures (A, B, 
C) and (E, H). Tbe sum of squares procedure shows two broad groups, (A, C, E, H,
F, B) and (D, G).

Table 5 - Matrices of comparison between pairs of classifications of the 16 sampling units randomly 
generated. 

Classes fro� MST 
Classes fro� euclidean distance O O 5 O 

2 4 O 1 
O O O 4 

21=29.3 for 6 degrees of freedom (sign. =0.000055%) 

Classes from euclidean distance 
Classes from average linkage 

O O O 1 4 

1 2 O 4 O 

O O 4 O O 

21=29.3 for B degrees of freedom (sign.=0.00029%) 

Classes from average linkage 
Classes from MST o 2 o o o 

o o o 4 o

o o o 1 4

1 o 4 o o 

21=37.7 far 12 degrees of freedom lsign, =0.00017%) 
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Fig. 8 - Perfect measurement sampling (a) and scattergram with M.S.T. suggestions. Two minima are 
found, between Gand C and between E and C, thus suggesting three groups (F H E) (CAB) 
(G D). 
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I 

A g e E H F D G 

Fig. 9 - Cluster based on average linkage clustering based on correlation matrix among functions, 
computed using the perfect sampling condition. Three groups appear (AB CE H) (F) (DG). 
with the first one showing two substructures (A B C) and (E H). 

Table 6 - Comparisons of classifications obtained frorn data representing the perfect measurement. 

Classes from euclidean distance 
Classes from average linkage 5 O 

1 O 
O 1 

21=8,99 for 2 degrees of freedom (sign.=1.1Zl 

Classes from HST 

Classes from average linkage 2 3 O 

1 O O 
O O 2 

21=10.58 for 4 degrees of freedoru (sign, =3.2%1 

Classes fro� HST 

Classes fro, euclid. dist, 3 3 O 

O O 2 
21=8.99 far 2 degrees of freedom (sign, =1.1%1 
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Table 7 - Data Table 2 restructured following the arder ofMST from (a) 100 equidistributed sampling 
units, (b) 100 randomly chosen sampling units. In both the coenocline trend is clearly seen. 
The ordering groups response functions and sampling units into homogeneous blocks. 

Response functions Response functions 

FHECAP,GD BACGDEHF 

Sampling unit N, 9 1 1 1 2 S.:impli ng un i t N. 6 1 2254 . 

12 1 1 . . 1 2 11 6 1 . 1 1 

5 3 1 13 .1 3652 

7 ? 
.. . . . . . 1 14 1 5 6 4 2 

10 1 . . 2 3 2 6 6 5 

1 5 2 , 3 4 1 3 4 2 5 

4 , 4 1 . . 2 3 4 , 2 3 1 4 

8 5 2 I 2 4 8 , 2 4 2 5 

15 5 3 3 4 15 3 4 3 5 

16 4 1 , 2 3 16 . 2 3 1 4 

2 1 1 3 9 1 2 1 1 

13 2 3 1 6 5 12· 1 2 , 1 1 

14 2 5 1 6 4 2 1 3 1 

6 2 2 1 5 4 5 . 1 . 3 

3 6 2 , 6 5 7 1 2 

11 1 6 1 1 10 ? 
.. .  . 1 

(;:_i) (b) 

In table 6 are reported the cross matrices of the comparisons and the related 
significativity level, which tell us they are statistically equivalent. In Table 7 a we 
have the data Table 2 rearranged in the way already described before: the 
coenocline trend is evident, with the less important functions D and G put aside. 
The sampling units are well grouped and so happens in Table 76, reulting from the 
already known procedure applied to a table of 100 randomly chosen sampling units. 
The clustering procedures give results which are identical to those of the theoretical 
case. 

Now it comes to comparing the results obtained for the response functions from 
the analysis of the 16 units table and those of the perfect case and of the 100 
randomly chosen units. While the latter two give the same results and are therefore 
completely equivalent, the first and the theoretical case have a similarity level of 
6,1 %, very high but not significant, good but not perfect. 

3. Conclusions

Having clone all this, what can we conclude? Same things may in my opinion be
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deduced: 
a) the software procedure based on correlation coefficient is a tool capable of

detecting a coenocline, also in presence of 30% of "noise", that is experimental
random errors;

b) the parallel procedure employing the euclidean distance is a good one too;
c) since the 16 random sampling units are enough the characterize their groups, but

not enough to completely sample the response functions, while the 100 randomly
chosen do, it would be wise to retray all again with more units, for istance 20 or
30, anyhow a number placed between 16 and 100. Another trial could be made
with a smaller noise, which in turn means a more careful sampling and therefore a
better survey planning.

d) since on practical ground one hasn't any Fig. 1 which he can look at, but one's
professional skill and experience, it is highly advisable to use parallel pro­
cedures, both previously calibrated with the same calibrating "source", so that
the probability of getting out lovable artifacts both ways can be considered very
low, when not negligible;

e) the calibration must be performed with different noise levels, in order to
correctly evaluate the threshold level of a given procedure, that is the level over
which all the method breaks down and starts to give unstable results or no results
at all.

f) the ratio between the number of sampling units, which allow to reconstruct the
structure of the simulated data, and the number of response functions should be 
considered a sort of lower limit indicator when the actual number of survey units
must be planned. This means that, if 24 units work well when 8 functions are
present, the number of planned survey sampling units should be at least three
times the numer of characters or species taken into account.

4. Working structure of SPAGHET

While the APPLE II and OLIVETTI M20ST versions are completely ma­
nageable through the user menu they give, the FORTRAN version NEWSPAG 
needs some explaining. This will be given in this section in a flow-chard like fashion. 

Before starting, an advice is in order. The program has been implemented on a 
CDC ma chine and therefore all the alphanumeric strings are thought of in blocks of 
10 per CDC word. The computation label, for instance, may have up to 40 
characters and the associated variable is dimensioned in 4 words. If a user has to use 
a machine with 6 bytes per word, for example, he has to dimension the variable in 7 
words so that all the 40 characters can find room, or else maintain the old dimension 
and reduce the label length to 24 characters. 

4.1. Data flow and steps 

The parameters are presented to the program in the following sequence: 
1) TITLE (up to 40 characters, format 4A10), that is the computation label.

IF the first 1 O charachers are all blank THEN the program stops ELSE is goes to
read the second string of parameters.

2) these parameters are:
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NC, NR, NBOH, MAXALT, !RANGE, IPLOT, IFIS, IFIR, NOISE, LSLP, 
JACCA (free format) 
NC: number of response functions (up to 100); 
NR: number of sampling units (up to 300); 
NBOH: arbitrary number of unused random number generations before 

starting the actual comp1,1tation. This allows a user to change pattern to 
the sequence of random numbers produced by function RANF (li­
brary). We shall use the word RANF in the following to indicate a 
random number generation. The numbers are generated with uniform 
distribution density in the 0-1 interval; 

MAXAL T: maximum value allowed for the modal value of the response 
functions; 

!RANGE: range ov X (in undimensioned arbitrary units);
IPLOT: IF > = O. THEN the response functions are printed on paper in

noiseless values (JACCA values) 
ELSE IF < O THEN the Minimum Spanni�g Tree groups are 
recognized through inspection of a similarity ratio matrix, computed 

based on JACCA equidistributed noiseless valued sampling units; 
IFIS: IF > O THEN the parameters of the response functions are given in input 

by the user 
ELSE IF < = O THEN they are randomly generated in the chosen field of 
definition; 

IFIR: the same as before but for the sampling units; 
NOISE: in %, it is the maximum percentage indeterminacy allowed in the 

simulated data; 
LSLP: IF = -1 THEN the similarity ratio is computed with cover scores 

ELSE IF = O THEN normalized-cover (normacover) scores are used 
ELSE IF = 1 THEN presence-absence (binary) scores are used; 

JACCA: this has been already explained. The number of equidistributed 
sampling units can be up to 3000. A similar option, but with less units, 
is present in the BASIC version. 

3) IF IFIS > O THEN the parameters of the NC response curves must be given in
input, for each curve; they include:
TYPE (format AIO), PMOD, VMED, SIG, HMOD (free format)
where:
TYPE: GAUSS (gaussian function)

BIMODAL (two gaussian functions of the same standard deviation SIG 
but mean value VMED differing 4*SIG, in order to generate two 
maxima); 
POISSON (poissonian profi!e, with the maximum on the left); 
MIRRORPOIS: like POISSON, but with the maximum on the right. 

PMOD: mode of the function; 
VMED, SIG: already explained; 
HMOD: moda! value. 
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ELSE the parameters are randomly generated in the following way: 

generated 
IF O < = a 

a = RANF 
< == 0,25 THEN TYPE = POISSON 
< = 0,5 THEN " = BIMODAL 
< 0,75 THEN = GAUSS 

ELSE IF 0,25 < a 
ELSE IF 0,5 < a 
ELSE IF 0,75 < = a < = 1 THEN " = MIRRORPOIS 

(only the GAUSS shape is provided by the APPLE II and M20ST versions) 

generated b = RANF 
THEN PMOD = b*IRANGE 

generated e = RANF 
THEN VMED = 2+c* (SIGMAX - SIGMIN) IF TYPE 

MIRRORPOIS 
ELSE VMED = PMOD 

generated d = RANF 

POISSON or 

THEN SIG = SIGMIN+d* (SIGMAX - SIGMIN) IF TYPE = GAUSS or 
BIMODAL 
ELSE SIG = (VMEDf 0,5 

generated e = RANF 
THEN HMOD = 1 +e* (MAXALT - 1). 

4) IF IFIR > O THEN the NR values of positions of the sampling units must be
given in input (free format);
ELSE the NR sampling unit positions are randomly generated in the interval (O,
!RANGE);

5) The simulated data table is written to file 2, with format (IOX, l0FIO. O);

6) IF JACCA = O THEN the program goes back to step 1;
ELSE the table of JACCA equispaced noiseless sampling units is written to file
1 and printed (option IPLOT > = O).

7) Similarity ratio matrix is computed, following options specified by the value of
LSLP, on the theoretical table and the nearest neighbour sequence extracted.

8) IF IPLOT > O THEN the program goes back to step 1;
ELSE the MST groups and sequence are found and the MST sequence replaces
the JACCA records of the equispaced sampling units table on file 1.

9) Then the program goes back to step 1.
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Riassunto. Viene descritto un simulatore di cenoclini utile per valutare i rusultati dell'applicazione di 
metodi di ordinamento e classificazione a particolari strutture di dati. La simulazione di cenoclini 
avviene mediante il programma SPAGHET. Vengono presentati esempi di applicazione di metodi di 
largo uso sui dati provenienti dalla simulazione. 
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Appendix A - FORTRAN listing, sample case and output of NEWSPAG. 

PROGRAM HEW6PAG( INPUT= 100 ,OUTPUT= 100, TAPE! =514, TAPE2• 
1514, TAPE6=0UTPUT l 
DIMEHSIOH ITIP < 100 l ,PMODUOO) ,VMED ( 100 l ,SIG< 100) ,HMOD< 100 l 

1,ITITLWl 
C (M,LAGONEGR0-1984) 
C···SIMULATOR OF COENOCLINES-TO CALIBRATE SOFTWARE DETECTORS 
C···ITITLE:TITLE OF THE RUN(MAX,A40/CHAR,l 
C·.··HC,HR:H,OF RESPOHSE FÙHCT!ONS/MAX!OO/H,OF RELEVES/MAX,300/ 
C··" RELEVES TO TAPE 2 WITH FORMAT<!OX,1-0FlO,Ol 
C·-·HBOH:AHY IHTEGER FIVE DIGITS Hl!MBER TO IHITIALIZE RAHF 
C· • ·MAXALT:MAX, VALUE FOR RESPOHSE FUHCTIOHS 
C···IRAHGE:UPPER LIMIT OF THE INTERVAL OF DEFimIOH FOR 
C··· RESPOHSE tUHCT!OHS AHD GENERATE» RELEVES 
e--. IPLOT: IF GT. o ,RF.5? ;FUNCT. wRnTEH/ JACCA VALUES/ 
C··· TO TAPE! (FORMAT:16X,10G10,3l;!F LT,O,NO PRIHTrnG IH 51MRAT, 
C··· IH THIS CASE MIH, SP, TREE PRODUCED BY MISPAT 
C··-JACCA: H., OF RELEVES FOR COMPUTATIOH OF LIMITIHG 1/ALUE OF S!Mf<AT!O, 
C··- IF LE,O,NO COMPUTATIOH,ZERO HOISE ASSUMED IH SIMRAT, 
C···LSLP : GT ,O,BIHARY SCORES 1H S!MRATIO,E0,0,HORMACOVF.UT ,O,COVER, 
c---lFIS:IF LE,0,PARAMETERS OF FL!HCTIONS RAìlnOMLY PRODUCEn 
C··· ELSE GIVEH lH IHPUT/IH MAIH:ITIP,PML\VMED,SiC, 
C··· HMOD/ 
C··-IFIR:SAME FOR RELEVE POSITION/SU9,l:EHRIL.VECT,PRiL/ 
C···HO!SE:IH X,IS THE NOISE SUPPOSED IH THE SIMULATED-DATA TABLE 
C·--A BLAHK CARD MUST TERMINATE THE INPUT CARDS 
e 

PRIHT 9999 
9999 FORMAT(lHTl 

REWIND 1 
REWIND 2 
MCEH=O 

3 PRINT 102 
102 FORMAT( 'OIH HEADLINHA10' l 

READ 1,mm 
FORMAT(4A10l 
IF<ITITLE(l l ,EQ,lH l GO TO 100 
PRIHT 103 

103 FORMAT< 'OIN HS,HREL,HBOH,MAXALT .IRANGE.iPLDT .ms .mUO!SE' I
1' LSLP AHD H, OF RELEVES FOR THEOR,VALUE r.F SIMRATIO COMPLlTAi!OWl 
READ +,HC ,HR ,HBOH .t'!AXALT, IRAHGE, IPLOi ,IFIS, IFIR ,SO!SE. LSL? ,.:ACCA 
fll!INT 2,ITITLE,HC,HR,HBOH,t\UALT ,IUMGE, lPLOT ,InS,IFIR,HùISE 

1,JACCA,LSLP 
2 FORMAT(1Hl,4Al0/' FUHCT,H�',!51' RELEVES H,',!5/' IHITIAL RAHF H 

1 ',15/' MAX,ALT ,CURVE ',!5/' RANGE COEMOCLl�E ', 15/' IFPLOT ',15/ 
2' DPTIOH OH FUNCTIOHS' ,!5/' DPTIOH GH RELEVES ',,5/ 
3' HOISE LEVEUll' ,!4/' JACCA HUMBER' ,!5/' LASDLP' ,13/l 
FHOIS=FLOAT i NO i 5, l /100, 
»O 6 l=l ,HBOH 

6 CALL RAkFO 
NCEH=NCEH+ 1 
RAHGE=IRAm 
!FCIFIS,LE,Ol ço TO 4 
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e 

c---mDS DATA Or ,ES?��SE FU�.cm�sm !F:S GT.0) 
C···ITIP CAH �E:GAUSS /f'OiSSOS /MlRRO�?OJS/BJMObAL 
e 

DO 5 1'1,NC 
PRIHT 204 .1 

204 FORMAT( 'OJH TYPE OF RES? ,CURVE' ,H,' :GAUSS/B!MODAL/POISSOH/' / 
1' MIRRORPOIS'l 
READ 6,ITIP(ll 
PRIHT 205 

205 FORMAT<'OJH PMOD.VMED.S!G,HMOD'l 
READ *,PMODi Il ,VMED( l l ,SJG( Il ,�MOD(!) 

5 PRIHT 11,l,JTJP(ll,PMOD(l),VMED(!),S!G(l),HMOD(ll 
6 FORMAT(A!Ol 
11 FORMAT(' FUHCT,' ,15,' HPE ',A10,4F10,2l 

CO TO 7 
e 

C---GENERATES RAHDOMLY THE HC FUHCTJOHS(USES LIBRARY 
e 

RAHFl 

4 
7 

CALL GEHCURV mc ,!TIP ,PMOD. VMED ,S!G .HMOD ,MAXALT ,RAHGF.) 

e 

CALL GEHRiL ( HC .HR ,RAHGE, lTIP ,PMon, VMED ,S!G ,HMOD, I FHì ,FHOIS) 
IWACCA,EQ,Ol GO TO 3 

C---IF REQUESTED,TABULATES Fl!HCTIOHS FOR PLOT OH PRIHTER(JPLOT GT ,Ol 
C---IF IPLOT LT ,O,MrnIMUM SPAHNING TREE PRODUCED 
e 

CALL SIMRAT iHC, IRAHGE, !TIP ,PMOD, VMED ,SJG ,HMOD ,,!ACCA, IPLOT ,LSLP) 
CO TO 3 

100 PRINT 101,HCEH 
101 FORMAT(//N//' ',Is,· COEHOCLINES READY TO coon 

STOP 
EHD 
SUBROUTINE GEHCURViNr ,!TI? ,PMOD ,VMED ,SIG,HMOD.MAXALT ,RAHGEl 
DIME�SIOH • lT!P( 1 l ,PMOD( 1 l ,VMED( 1l ,S!G( ll ,HMOD( l) 
SJGMAX,RAHGE/S, 
SIGMIH=RAHGE/20, 
ALT=MAXALT 
!F(HC,GT, 100) HMOO
PRJHT 3

3 FORMAT(15X,'TYPE' .sx,· MODA ' ,SX,'MEAH v.· ,4X,'SIGMA' ,6X,'MAX,VAL.
1' /) 

DO 1 1'1,HC 
RAT=RMiFiì 
JTiP( Il= lOHMIRRORPO!S 
IF(RAT,LE,0:2Sl !!iP(l)=7HPO!SSOH 
IF(RAT,GE,0,75) !TIP(ll=SHGAUSS 
lf(RAl ,CT .0.25.ANUAT .LE.Ml ltJ!'(I),8HBIMDDAL 
PMOD (Il= RAHFO •RAHGE 
IMl=l-1 
DO � ll=l,!Ml 
RAP, (PMOD (Il -PMOD m) l /PMiìD( il 
JF(ABS(RAP) ,LT ,0,01) PMOD(J ),RAHFi )*RAHGE 

4 COHTlHUE 
VMED( I) =2 .+RAHF ( )HSiGMAX-SJGM!Nl 
IF (JTJP (Il, EQ, SHGAUSS, OR, !Tlf' (!), EQ, 8nB!MODAL l VMEO (I) ,p�l!JD( Il 
SIC( I)= RAHFO• ( Si G"'AX-S!G11!Hl +SlGMIH 
IF( !TIP! Il, EQ, 7HPOISSGH, OR, ITJP (I), EQ, lOHMIRRORPO!S l 
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ISIG(J)=Vl'IEOC!l 
Hll()D( I l=l ,+RAHF( lt(ALT ·l, l 

I PR!HT 2,1,lliP(lì,?r<OD(l),VMEDCll,S!G(ll,H!'!OO<ll 
2 FORl'\AT(' FUNC!.N,:,I5,1X,A10,4Gll,4) 

RE!URM 
m 

SUBROU!IHE GEHR!L(HC,HR,RAHGE,ITIP ,PMOD,VMED ,S!G,HMOD,!Fl .RuM) 
DIMEHSIOH !Tlf' ( Il ,PMOD< Il, VMED ( 1) ,SIG ( Il ,HMOD( Il ,PRI!.( 300) 
1,QUADR(IOO) 
!FC!Fl,LE,Ol GO !O 8
PRIHT 11,HR

Il FORMATC 'OIH' 115,' \'ALUES OF RELEVES POSITIOHS' l
READ t,(PR!L(ll,l•l,HR}

8 DO 1 l=l,HR
IF(IF!,Gi,Ol GO TO 10
RIL•RAHF( l•RAHGE
IF(!,EQ,ll GO TO 5
1111,1-1
DO 4 J=l ,IM!
RAP= <RIHRILm l/RIL
IF(/tBS (RAPI, LE, O ,OllRIL=RANF ( ltRAHGE

4 COHTIHUE
5 PRIL< Il •RlL
IO 00 2 ,1,1,HC

!F(lTJP(Jl,HE,SHGAUSS,AHO,iT!PW,HE,8HBJMODAL l GO TO 3
QUADR(,l) =AlNTCSTAGAU(SIG(J) ,PRIL( l l ,VMED<Jl ,rlMOD(,I) ,RUM} l
IF(ITIP(Jl,HE,8HB!MODAL l GO TO 2
SECMOD•VMED ( ,1 )+4 ,tS! G ( ,1 l
lF i SECMOD, GT ,RAHGE lSECMOD:VMEj) ( J ì ·4 ,tS!G ( Jl
QUADR (J l =QUADR W+AIHHSTAGA� ( SiG ( ,J) ,PRIL (Il ,SECMOD ,HMOD(,Jì ,RUM) ì
lF<QUADR(Jl ,GT ,HMOD(Jl l QUADR(J)=HMOD(Jl
GO TO 2

3 Rl=PMODCJHR!LCil-0,5
R=AlNT ( VMED< J l ·RI)
!F(!T]P(.1} ,EQ, lOHMIRRORPO!S} R=A:mvMEO(J} +Rl}
QUADRW =ArnT(POlSS(R,VMED(Jl ,HXOD (Jì ,RUM! l

2 COHi!MUE
WR!TE(2,6l (QllADRCHl ,IM ,HCì

6 FORMAT(10X,IOF10,0l 
1 PR!Hi 7,!,PR!L(ll,(QUADRCKKl,KK=l,HCl 
7 FORMAT('OREL, ',IS,' X :' ,F10,1/(1X,IOF10,0)) 

RETURH 
EHD 
FUHCTlOH POiSS(AR,EM,H,RUMl 
POISS=O, 
!F(AR,LT ,O,OR,AR,GT, 16,) Rt!URH
IAR=AR
!F(JAR,LT,ll lAR=I
IF(!AR,Gi,W !AR=\6
FACM,
DO 1 !=1,IAR
FACMACNLOAT(ll
Hl =3, 694528049tHt( 1. +RUMt( RA�F t) ·O, 5) l
FORM• EXP (·EMI•< EM) ttAR/FACi
POiss,�I•FORM+0,5
P.ETURH
EMD 
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FUHrTIOH STAGAU ( SIG ,AR ,EM,H ,RUMl 
STAGAu,o, 
DISMBS(AR·EMl 
RAM,3,•SIG 
IF<DIST ,GT ,RAM) RETURH 
Hl ,H1( I .+RLIM•(RAHF () ·0,Sl l 
DISMIST/SIG 
STAGAU, EXP ( · ( D ISTH2/2, l l*Hl+O, 5 
!F(STAGAU,GT ,H) STAGAU,H
RETURH
END
SUBROUTINE S!MRAT ( HC, !RANGE, ITIP ,?MOD, VMED, SIG, HMOD ,HP, !PLOT ,LSLPl

DIMEHSIOH ITIP < Il ,PMOD <I), V�1ED< 1) ,SIG < Il ,ilMOD( 1) ,Rlr. t 3000 l
1,S!M(4950)
REAL MASf'E ( I 00)
RAHGE, !RANGE
TRAf'A,o,
!F(Hf',GT ,3000) HP,3000.
PAsso,RA�GE/FLOAT (Hf')
DO 4 ,1,1,HC
DO I 1,1 ,HP
VAL,FLOAT (I·! >•PASSO
!F(!TIP(.1).HE,SHGAUSS,AHD,ITl?(,1) ,HE.8�BIMODAL ) GO TO 3
RIG(l > ,sTAGAU< SlW > ,VAL,V�iED(,)) ,Hf,ODW, TRA?A>
JF(!T!P(,1) ,NUHBIMODAL ) GO TO 1
SECMQD,Vt'iED( ,! ) +4, 1s;G ( ,1 ì

IF ( SECMGD, GT, RA�GE l SoCì'!GM'MED ( J l ·4 ,•SI G ( J ì
RIG (Il ,RI G ( l) +STAGAU ( SIG i ,l), VAL .SECMGD ,fiMQW ì, TRA0A) 
GO TO I

3 RI,f'MOD(Jl-VAL·O,S
R,AIHHVl'IED<J> ·R!)
JF( ITIP ( J l, HE, 7Hf'O!SSON) R, AIHT i VMED ( ,l) +RI)
RJG(l),prnm ,VMED(J) ,:iMOD(,l) ,!RAPA)
COHTìHUE
WRITE(I) !R!G(K) ,M,�P>
CALL GRAHD(R!G,HP ,�C.MASPE,,ll
IF<IPLOT ,LT .O) CO TO 4

PRINT 6,,I,(R!G(K),K,1.�Pl
4 COHT !HUE

6 FGRMAT(' FLlHCT,' ,IS/(1X,10G10,3))
CALL CPSiM( NC ,HP ,LSLP ,SIM,Ri;; .M�SPE l

IPLOT,-l?LOT
CALL ORDS?ECtMC,HP,S1!1,R!G.IPLOT>
muRH

m 

FUHCTiOH ILPOCU(!,l) 
mocu,o 

IF(l,EQ, I lRETuRH 
!F(I.GT,ll GO TD I
ILPOcu, ( I ·2)t( I ·I )/2+J
RETURH
IL?Ocu, (I· 2)t( l · I )/2+1
RETUf:H

[HD

SUBROUT IHE CPSI�<HSPEC ,HQUAD. !E ,SJM.RIG ,MASPE) 
DIMEHSIOH SIM(!l,RIG(U,ROG(3000) 
REAL MASPE( IOOl 
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APARK=O, 
APORX=O, 
DO 3 I=l ,4950 

3 S111(1)=0, 
DO 1 !=2,HSPEC 
IOHT=O 
REWIHD 1, 

11 READ(!)(RIG(!Ll,IL=l,HQUAD> 
IOHT=XOHTtl 
!F(KOHT,LT,IlGO TO 11 
REWIHD 1 

1111=1 ·1 
DO 1 l=l ,IMI 
READ ( 1 l (ROG ( IL l, IL= 1,HQUAD l 
PRSC=O, 
PHORMI=O, 
PHORMK=O, 
DO 2 ,1=1,HQUAD 
APARK=Rir.(Jl 
APORK=ROG(Jl 
!F(IE,LT.Ol GO TO 4 
IF(IE,EQ,Ol GO TO 8 
IF(Af'ARK.GT ,1, lAf'ARM, 
IF(APORUT, 1, lAPORK=l, 
GO TO 4 

8 APARK=lOO,tAPAR!/(MASPE(Ill 
APORM 00, *APORK/ (M�S?E (Xl l 

4 DPRSC=APARHAPORl 
DHORMI =APARKtt2 
DHORMK = APORK tt2 
PRSC=PRSC+DPRSC 
PHORMMNORMI+DNORMI 

2 PHORMK=PHORMK+DHW1K 
DEHOM= PHORM! +PHORMK • PRSC 
mmoM,LE,0,) DEHOM•-1,E-b 
LPOS•IlPOCU<I ,I! 
SIM<LPOSl =PRSC/DEHGM 

1 COHT!HUF. 
RETURH 
F.HD 
SUBROUTIHE ORDSPEC(HSPEC ,HQUAD,SiM,m. mm 
DIMEHS!OH SIM( 1 l ,RlG ! I), !BUF ( lOOl, ISPtC i 100 l 
DIMEHSIOH IORDUOO l ,IMXM( 100l ,IMXl'1( 100 l, VMXl'1(!00 l 
MPROG=O 
IHTRUFL=9999 

DO 15 I=l,HSPEC 

15 ISPEC(l)=I 

14 IACEGAT=O 
IMAX=O 
lMAX=O 
S1'1AX=·1,E·6 

IEFATTO•HS?ECH HSPEC • 1 l /2 
IORDUl=IOH, 

DO 12 1'2,10 
12 !ORD(l)•lOH 

IJRITE(6,200l 
200 FORMAT (IX//// 4X, !6HDEHDROGRAM TABLE.9X, !Hl ,SX ,2H, 9 ,8X, 211, 8 ,SX. 2H, 7 
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1,8X ,211, 6 ,8X, 2H, 5 ,8X ,2H, 4 ,SX, 2H, 3 ,SX ,2H, 2 ,SX ,2H, 1,8X ,2H, O/ IX) 
DO 6 1,1 ,NSPEC 

6 IBUF!J),o 
e 

C FIHDS FIRST MAXJMUM 
e 

DO 1 1'1,NSPEC 
DO 1 f.,! , HSPF.C 
IF(K,EQ,ll GO TO 1 
lf'O,JLPOCU(!,K) 
IF!SiM(IPO) ,LE,SMAXl GO !O 1 
SMANIM( !PO l 
IMAX,J 
KMAM 
COHTrnUE 
IBUF ! 1l, IMAX 
JBUF ! 2), KMAX 
IFOUND,1 
IACEGAT, IACEGAT t 1 
JPOX,JLPOCU( !MAX ,KMAXl 
VALMAMIM( IPOXl 
WRITE ( 6, l. 00 l !11AX,ì:MAX, VALMAX,!SPEC( IMAX) ,!SPEC (KMAX l, ( IORD (IP), JP 

1,1 ,10) 
100 FORMA! ( !X ,214 ,C12,5,2H,10A10l 

S!M( IF'OX), ·S!M( IPOX) 

e 

!MXM( IFOUND), !MAX
IMXM(IFOU�D), ì:MAX
VMXM( IFOUND) ,vALMAX

C $CAHS THE ROWS OF ALREADY FOUHD MAX!MA TO FIHD 
C THE HEXT MAXIMUM 
5 

2 

3 

SMAX,-1.E·b 
IMAM 
IMAM 

DO 2 11'!, HSPEC 
lF(JBUHMl,LE,0) CO TO 3 
IRIG, IBUF !M) 
DO 2 J, 1 ,MS?EC 
!F(UQ, IR!G) CO TO 2 
IPoc,mocu! mc ,Kl
lF!SIM(IPOCl ,LE,SMAXl CO TO 2 
S11AX,SIM( IPOG l
!MAX, !RIG
mx,1 

COHT!HUE 
IPOX, !L?OCU( IMAX,IMAXl 
VALMAMlM{!POXl 
IACEGAT,IACECAT+! 
S!M! IPOX i, ·SIM!!POX l 
lf!IACEGAT ,CE, !EFATTOl GO TO 11 
Ju,o 
JE,O 

DO 4 ,1,1,HSPEC 
IF( IBUW l, E�, i MAX l ,1u, ! 
lF( !BllF (,I), EQ, KMAX) ,IE,1 
CONTINUE 
IWll,EQ,1,AHD,JE.EQ,1l CO !O 8 
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e 

C STORES HEWLY FOUND MAXIMUM 

e 

DO 7 M• 1 ,NSPEC 
lF(!BUF(MLGT.Ol GO TO 7 
lr(JU,EQ.!l IBUF(Ml•KMAX 
IWE,EQ, 1 l IBUF(Ml •!l'\AX 
IFOUHD• IFOUHD+ 1 
IMXM(!FOUilD l • l�iAX 
KMXM(IFO\IHD l • KMAX 
VMXM( I FOUND l •VALMAX 
!FtMOD(!FOUND,lOl ,EQ,Ol GO !O 13

WRITE(b, 100 l !MAX ,Kr1AX, VALMAX, !Sf'EC (!MAX), ISPF.C ( KMAX l
CO IO 8 

13 WRITE ( 6, I 00 l !MAX ,Kl".AX, VALMAX ,ISPECtIMAX), ISPEC ( KMAX), ( iORD( IP l, IP
1•1 ,10)
GO TO 8 

7 CONTINUE
8 IFmUF(HSF'ECl,EQ.Ol GO to 5 
11 COHmUE 

IF lITREE, L T.O l RETURH 

CALL MISPAT i IMXM,KMXM,NS?EC, V�1XM, HUFl
PRIHT 600.mUF(!UK) .IUM,HSr'ECì 

600 FORMA!(' MST·SEQUEHCE' /(lX,2014> l 
RETURH 
EHD 
SUBROUTINE GRAHD ( VEC ,NQUAD ,HSPECM,MASPE, Il 
DIMEHSm VEC( Il 
REAL MASPE(lOO> 
XMl•O, 
XMA•O, 
DO 1 J,1 ,HQUAD 
XM1'VEC(J) 
lF!XHUT .X11AlXl1A0�1 
COHTIHUE 
IF ( XMA, EQ,O, l XMA• • 100, 
MASPE(l)•XMA 
RETURH 
EHD 

SUBROUTiNE MISPAT( IMX,KMX,HS,VMX,:BUFl 
DIMEHSIOH !MX( 100) ,XMX(lOO> ,V!'.X( 100) ,LE?RIM(100) ,HIJ11G( 100), 

ILMiH( IOOl ,IBUF ( 100) ,!LEAF ( 100>, ,?iVOT(l00,3> ,MST<100,4ì, 
2IPUNnOO> 

C···CLEARS ARRAYS 
DO 1 1•1.HS 
LEPRIM(ll•O 
Hur.;;m,o 
LMIH(l)•O 

!LEAF(l)•O
I\ST(l,4>•10H
DO 1 ,1, 1.3

IPIVOT(l,Jl•O 
1 MST(J,,J),O 

C···SHIFTS OHE PLACE DOWNWARDS VECTORS OF DEHDROGRAM TABLE 
HSl •HS-1 
DO 22 1•1,HSl 
IMX(HS· 1+1 l • IMX(HS· i) 
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KMX < HS • I t 1 l, KMX ( HS ·Il 
22 VMX<MS·l+l),\'MX<NS·l) 

K11X(l)=!MX(2) 
IMX(ll=O 
VMX(l),O, 

C···LOOKS FOR LEAF·Ln:E ELEMENTS 
PRIHH,'OLEAF·Lm Sf'ECIES ,101� OHLY OHCE IN DEP.DR,TABLE' 
HLEAM 
DO 3 1=2,HS 
IACMMX<l-1) 
HOHCM 
DO 4 ,1=! ,HS 
JF(J,EQ,2lCO TO 4 
lF(!MWl,NE,IAC!l GOTO 4 
HONCE=O 

4 CONTIHUE 
!F(HOHCE,EQ,OlGOTO 3
NLEAf,NLEAF+l
PRIHT 9002,HLEAF, IACI

9002 FORMAH!OX,' LEAF H,' ,!4,5X,!4l 
ILEAF ( HLEAFl = lACl 

3 COHTIHUE 
HLEAMLCAF+l 
ILEAF<HLEAF l, KMrn;S l 
PRIHT 9002,HLEAF, ILEAF (HLEAF l 

C···LOOKS FOR PIVOTAL PAlRS 
PRIHH,'OPIVOiAL PA!RS SlCHAL GROUPS • lF FiHAL H,OF' 
PR!HH,' CROUPS IS LOi-lER THAH THAT Of Plv.PAlf:S, m�· 
PRIHT•,' SOME COHTICUOUS GRGliPS HAVE BEEH CilDL!PED mo· 
PRINT*, '. A LARGER OHE • THIS SHO!ìLD �OT AFFECT THF. Fl·' 
PR!NT•,' HAL TABLE, SlHCE THE G:lOUPS ARE HOMOCEHEOUS' 
IP!\'OT( 1,ll ,IMX<2l 
mvot< 1,2> =vMx 12i*1000 ••• s 
!PIVOT ( 1,J) =F.MX ( 2l
HPIVOT'1
PRIHT 7,HPIVOT,(!P!VOT(l,Jll,JM,3l
ws2,Hs-2
DO 5 1=2,HS2
S!Ml=VMX(l)
SIM2'VMX(l+ll
Slt'iMMX( !+2l
JF(S!Ml ,LT ,S!M2.AliD,SIM3,L T.,Siì12lCOTO 6
mo 5

6 HPIVOMPIVOT+l
!PIVOT (HPIVOT .1 l, !MX (I+ \l
!PIVOT ( SPI VOT ,2), SI1'2•1000, +, 5
ImornnvoT ,3) •IMXl I+!) 
PRIHT 7 .�PlVQT. mJVOT(HPIVOT ,m ,Jl= 1,3)

7 FORl'\AT(' PIV,PAIR H,' ,14,' : ',14,'(··· ,14,'··)' ,14) 
5 COHTIMUE

JF(VMXrnS-1 l ,CT.VMX<HSl !GO TO 8 
NP!VOT=NPIVOT+l 
!PIVOT ( HPI \'OT, 1 l, IMX ( HS l
I PIVOT ( Nf·J VOT ,2 l =VMX ( HS l * I 000 .tO, 5
IP!VOTOìPJVOT ,3l =KMX \NSl
PRIHT 7 ,HPl VOT. ( !PIVOT rn? ! VOT ,m ,,lK' I ,3 l

C···SCAHS THE DENDROCRAM TABLE TO F!ND OUT M,S,T, GROU?S 
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8 lOM 
MST<l ,1 >=1MX(2) 

MST( 1,2) =VMX( 2}t!OOO.t ,5 
11ST(l,3)=Kl'iX(2) 
MlLEMOOO 
xc,1 

HG=! 
LEf'RlM( HG>= !MX (2) 

lPUN(NG): I 
1,1 

1,1 

XAm,o 

KIRM 

IRN 
H,MST(K,1) 
x,1-1 

GO TO 70 
30 H,MST(Y.,3) 

!F(H,EQ,OlGOTO bO
IF<H,LT ,O>GOTO 50

lF (MS!n, 4 >, EQ, 1 OH LEAFlGOTO 50 
70 DO 10 J:2,NS 

IF(K,EQ,O,A�D,MQ,2lGOTO 10 
!F(H,NE,!MWl )GOTO l•l
1=1+1
IFrn,HE,IRmo TO 9
!F(KIRK,EQ,llGO TO 11

IAFEL,1
CO TO 11
IRM

1Am,o 

11 IOMOC+! 
IIRMIRK-1 
n5t(f,1J,IriWi 
11ST < I ,2): VMX ( ,l)tlOOO+, 5 
MST( I ,3) ,rnx (J) 

LMEAFOi:.EAF ,KMX(J) .ILEAFl 
IF(LE,liE,OlMST<l,4),!•lH LEAF 
Hl=JMX(Jl 
H2=KMX(J) 

MI ,11JHLISC ( �s ,Hl ,H2, mx .KMX. 1/MX. J l 

lF ( IAFH, GT, O ìr.:, LATG ( �s ,N, .s2, !!'\X ,XMX, \j"iX ,J l 
IZI ,Mf'JV(HI ,H2 ,HP! 1JOT ,!P:VG!l 
!F(MJ,EQ,0,AHD,!Zl,EQ,O>GQTO 10
HG,HG+I
LEPRIM( HG) ,11S! ( i.Jl

L�!�(HG l =r<,rn ,2 l
MST<l ,3): ·MST ( I ,3)

IF (MST ( I ,2), LT ,MlL ,G >M!LEG =MST ( I .2) 
IOMOG·! 
11ST(l,4l=10H B-CARRIER

10 tosmoE

50 K=K+I 
IF<K,GE,HS)GOTO bO 
GOTO 30 

60 KMG+I 

HUMGaG-ll=KOG 

90 



KOM 
HeLEPR!M(KG) 

IRK=H 
mN 

IPUN(KGM 
Ll'trn(tG·U=MILEG 
MILEMMIN(KG) 
IF<K,GE,HSlGOTO 40 
X=K-1 
GOTO 70 

C··-EX!i FROM THE MAZE 

40 COHmUE 

REWIND 1 

HUR=O 

HTOT=O 
DO 80 1=1,NG 
PRIHT 100,l 

100 FORMA!( 'OGROUP H,' ,14) 
IUX=IPUH(l) 
lAK=lPUH(l+!H 
lF( l ,EQ,HGlIAK=HS! 
IACI=O 
DO 90 J,IUK,IAK 
MOST,MSW,1) 
MEST=JABS(MST(J ,3)) 
!OK= IP!V(MOST ,MEST ,HPIVOT. IP!VQi)

lF(!OUE.O,AtiD,!ACJ.EQ.Ol :ACI=!OK
PR!Ni IIO,l,(�!ST(,l,.IJl,JJ:1,4)

110 FORMAT(SX,214,'(·-,' ,14,'-··' ,H,SX,AlO) 

WRITE( 1) 1, (MST(,I ,J,I) ,,J,1=1 ,4 l 
HUR=HUR+l 

YO �UNTJ
'"
HU� 

HTOi =HTOT +NUl'G ( J l 

60 PR!NT 120 .�ut:G (!) ,LM!H( J l, ( JPJVOT(JACJ, Il), Il=! ,3 l .HTOT 

120 FORMAT('OGR,C0'1P,' ,14,' "'.IH,OUT·LJHK ',l4,' PIVOT/,L PAIR' ,;4, 
l'(··' ,14,'··)' ,14,' ADDED VARIABLES H,' ,14) 

e 
C·-·FJHDS OUT KHiD OF ALL smm 

e 

IOHT=O 
DO 2 1'1,�G 

REWIHD 1 
PRIHT 100,1 
!L!;R=O 

DO 21 ,!: 1 .�UR

ITOP=IH

!TIP,7H!<�CLEAR 

READ( Il IG ,!ACI ,LEG, !OC! 
lF(JG,HE.llGO TO 21 
!Li;R, iLGR, 1

JF( IOCI, LT ,0) IT!f',9HB-CARRiER
!F(LEG, LT, LM!li( I)) !Tlf 07!10RBI TAi.
lF(lOCl,LT.OlGO TO 222

lF (ILGR, NE.I >GO TO 7782
KOHT,KONT+l
mmom=1Ac1
lF( !ACI, HE,l.EPR!Mi I)> IiOP=9HMARRIER
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7782 mMO�T + l' 
numom,1oc1 

222 JAK,JOCI 
IF<IOCI ,LT ,OliAK0 IACI 
IF(ILGR,EQ,l)f'RI�i 7778,!ACI,ITOP 
PRINT 7778,IAK,iT!P 

21 COHTINUE 
7778 FORMAT(' SPECIES' ,14,' !S ',AIO) 
2 COHTrnUE 

RE!URH 
EHD 
FUHCTIOH LEAFUiS,H,ILEAF) 
DIMHiSIOH iLEAF(!) 
LEAF 00 
DO I I ,1 ,MS 
IF(H,EQ,ILEAF(l))GQTO 2 
COHT!NUE 
RETURH 

2 LEAMt 
RE!URH 
EHD 
FUHCTIOH IPl\JiN! .H2.�S.I?lVGT) 
D!MESSION IPIVQi(!Ov,3) 
mv,o 

DO I 1'1,HS 
IF(HI ,EQ, !PIVOT ( ! ,1) ,AND ,H2,EQ, !P!,'OT i! ,3) )GOTO 2 
COHT!HUE 
RETURH 

2 mv,r 
RETURH 
EHD 
FUHCTIOH MPIV<Hl.�2.SS,!PIVOTJ 
WiEHSIOH if'IVOT(l00,3) 
11P1v,o 
DO 1 1'1,HS 
!F(HI, EQ, !PIVOT< I ,1) ,OR ,Hl ,En, IPIVQT(l ,3) lGDTO 2 
COHi!S'JE
REiliRH 

2 1,1 

DO 3 1,1,r,1s 
!F(H2.EQ, !PIVOT( I ,1 l ,OR,H2.EQ, !PIVOT ( I ,3> )GOTO 4

3 com�ut 

RETllRH 
lF!LME,I>M?!V,1 
HT�RH 
m 

FllHCTIOH M!HllSC ( HS .Hl ,H2, IMX,KMX, VMX, Il 
DIMEHS!OM !MX(Ìl,KMX(ll,VMX(lì 
M!HUSM 
1,1 

M·l 
!F( K, LT, 1 l RETURH
!F(Hl,EQ,Kl'iX(K)lCOTO 30 
GOTO 4

30 t,J 
7 L'L+l 

IF(L,GT ,HSlRETURM 
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lF(H2,EQ,U'\X(LllGOiO � 
GOTO 7 

5 SIMl,VMX!Kl 
s1112,vMX<I> 
SIM3,Vt1X(U 
!F(SJM2,LT ,SIMI, AND,SIM2,LT ,SìM3lMrnUSC=K2 
RE!URH 
EHD 
FUtlCTIOH lATG rns ,Hl ,K2, !MX ,KMX, VMX, Il
D IMENS !OH !MX ( !) , KMX ( !) , VMX ( 1l 
LATM 
x,1 

4 l=I-1 

Im, l T, !)f;EiURH 
!F(N! ,EQ,IMX(K))GO TO 30 
&O TO 4 

30 1,1 
7 1,1+1 

lF(l,GT ,NS>RETURH 
JF(H2,EQ,IMX(Ll)GO TO 5 
&O TO 7 

s m11,vMxm 
SIM2=VMX!l l 
SIM3,VMX(Ll 

JF(SJM2,lT ,SIM! ,m,SIM2,LT ,SIM3lLATG,H2 
RETURH 
EHD 

The following S-'l�Ple produ�es 10 fundions and 20 re!eves 
rar,do1 ly generated, e,esi'des, 1000 s<Jmpl ing uni ts are ge" 
neroted for tt,e perfed Measurer.ent sir.u!ation, Tt,e 10:{20 
table has a 20% leve! noise, The me.ar,ir,g of the rern;iir,ing 
para1eters ,:an be eosily ded1Jced by !ooking at the saople 
output, 

5ANPLE CASE F0R SPAGHET 
10,20.�5. 9, 12, -1,0, O, 20, 0, 1000 

(-lAST CAR0,f!RST IO CHAR.BLAHK 

OIN HEADLINE-4AIO 
OIN NS, 1/REL, tlCOH, MHXAL T, !RANGE, IF'LOT, lf!S, IFIR, NOISE 
LSLP AllO N, OF RELEVES FOR THEOR, VALUE OF SIHRATIO COKF'UTATION 

!SAHPLE CASE FOR Sf'AGHET 
FUNCT ,N, 10 
RELEVES N, 20 
INITIAL RANF N 45 
MAX.ALT.CURVE 9 
RANGE COENOCLI NE 12
IFPLOT -1 
OPTION ON FUNCTIONS O 
Of'TION ON RELEVES O 
NO I SE LEVEL m 20 
JACCA tlUMP,ER I 000 
LASOLP O 
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TYPE MODA HEAH V, SIGMA HAX.VAL. 

FUNCT.N, 1 f'OISSON 7.094 2. 799 1.673 8.374 
FUHCT.tL 2 f'OISSON 9,984 2,V5 1.508 6.423 
FUHCT .N. 3 GAUSS 4,338 4,338 !', 106 U27 
FUNCT.N, 4 f'OISSON 3. 752 3. 199 1. 789 5. 082 
FUtlCT, N, 5 F'OISSON 4,638 2.209 1. 486 6.681 
FUNCT.N. 6 H!Rf:CRf'OIS 7. 697 2.028 1. 424 8.631
FUtlCU. 7 BIHODAL 7.251 7.251 . 7375 5.609 
FUNCT.N. 8 r;AUSS 6.865 6.865 2.012 5. 712
FUNCT .N. 9 BHiODAL 5. 431 5.431 1,723 7.435
FUNCT.N. 10 POJSSON 6. 195 3. 140 1,772 6.616

OREL. 1 X = 6.1 

8. o. 1. 1. 3, 6. 2. 5. 7. 6, 
OREL. 2 X e 10.2 

1. 5. o. o. o. o. 5. 1. o. 1.
OREL, 3 X = 9 .8 

3. 6. o. o. o. 4. 5. 2. o. 1. 
OREL, 4 X = 9 .2 

3. 5. o. o. o. 5. 2. 3. 1. 2.
OREL. . 5 X = Il.O 

1. 5. o, o. o. o. 3. 1. o. o. 
OREL. 6 X= 5.5 

J, U, L, ,. J, u, 
ft , 

7. s.u, '. 
OREL. 7 X = 8.9 

3. 6. o. o. o. 4. 1. 4. 1. 2. 
OREL, 8 X= 11.5 

1. 3. o. o. o, o. 1. o. o, o. 
OREL. 9 X = 5.3 

5. o. 3. 2. 5. 6. o. 5. 7. 5. 
OREL. 10 X = 3.7 

2. o. 3, 4. lr. 1. o. 2. 4. 3. 
OREL. 11 X = 2.6 

o. o. 1. 4. 3. o. o, 1. 2. 1. 
OREL. 12 X = 4. 9

5. o. 4' 3. 7. 3. o, 4. 7. 5. 
ORH. 13 X = 7. 3

7' 3. o. 1. 1. 8. 5. 5. 4. 4' 
OREL. 14 X = 2.2 

o. o. 1. 4. 3. o. o. o. 2. 1. 

OREL. 15 X = 3.3 
2. o. 2. 4. 6. 1. o. 1. 3. 1.

OREL. 16 X = 2.5 

o, o. 1. 4. 3. o. o. o. 3. 1. 
OREL. 17 X = 9.9

1. 7. o. o. o. 4. 5, 2. o. 1. 
OREL. 18 X = 5.0 

5. o. 3. 3. 5. 3. o. 4. 7. 5.
OREL. 19 X = 11. 3 

1. 3, o. o. o. o. 2. o. o, o. 

OREL. 20 X = 7.0 

7. 3, o. 1. 1. 8, 5, 5. 5. 4. 

DHIDROGRAM TABLE 1 .9 .8 ,7 .6 .5 .4 .3 .2 

1 8 . 94534 I 8, 
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I 6 , 91189 I 6 
8 IO .88999 8 10 

10 9 .81234 10 9 
9 5 , 77325 9 5 
5 3. ,91681 5 3 
5 4 .88641 5 4 
6 7 .64572 6 7 
7 2 . 79717 7 2 

GROUP-LEAD!tlG Sf'EC.Af/D EXT .LINK 
1 646 
5 773 
7 646 

OGROUP N, 
1(-- 945--- 8 
I<-- 912--- 6 
8 (-- 890--- 10 
6(�- 646--- -7 

10{-- 812--- 9 
9 {-- 773--- -5 

OGR.COMf". 5 HJN.OUHINK 646 HAX.LltlK 945 e.ETWEEH !{---> 8 
TOT .Sf',H, 5 

OGROUP H. 2 
5(-- 917--- 3 
5 (-- 886--- 4 

OGR.COHP, 3 HIN.OUHINK 773 !iAX.LlNK 917 BETl/fEN 5(---) 3 
TOT.5P.N, 8 

OGROUP N, 3 
7 {-- 797--- 2 

OGR.COhP, 2 HIN.OUHINK 646 t\AX.LINK 797 BETWEEN 7(---> 2 
TOT,Sf'.N, 10 

OGROUf' N, 1 
SfECIE5 1 15 
Sf'ECIE5 8 15 NLICLEAR 
snms 6 15 NUCLEAR 
SPECIES 10 15 NUCLEAR 
Sf'ECIE5 6 15 B-CARRIER 
SPECIE5 9 15 NUCLEAR 
SF'ECIE5 9 15 B-CARRIER 

OGROUP N. 2 
SPECIES 5 15 B-eARRIER 
5PECIES 3 15 NUCLEAR 
SPECIE5 4 15 NUCLEAR 

OGROUf' N. 3 
SPECIES 7 15 B-CARRIER 
Sf'ECIE5 2 15 NUCLEAR 
H5HE�UENCE 

1 8 6 10 9 5 3 4 7 2  
OIN HEADLINHAlO 

I COENOCLINES READY TO COOK 
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Appendix B - BASIC listing for OLIVETTI M20ST (160 kbyte-PCOS 2,0). 

10 REH_-oli20spaghet 
2Q ON ERROR GOTO 990 
30 Of"TJ Oli e.ASE 1 
40 HIF'UT"give n.species,n,releves ':NS,NR 
50 DIH H<NS> ,XH(NS>.SG!NSl.RP<NRl ,QUAD<NR,NS) 
60 INPUT"give rar,ge for >: ';RX 
70 INPUT'give 11ax.resp.funct,value,noisem ';HALT,tlOf·C 
80 NOf'C=NOf'Cl!OO 
90 !Nf'UT'randon gen. -yin •; V� 
100 IF Vi.="y' THEN-150 
!!OfOR !=1 TO NS : f'RINT"sp,n,";l;' give h,1ode,sig�a• 
120 !NF"UT H (I), XH(!), SG (!) 
130 HEXT I 
140 GOTO 220 
150 HXS=RXl5 : HNS=RXl20 
160 DHNXS=HXS-HNS 
170 FOR !=1 TO NS 
180 H(l)=HALTq,z+,8IRND(1)) 
190 XH(!)=RX)RllD(l) 
200 SG (Il =HNS+RflO (lHDiiNXS 
210 tlEXT I 
220 lf YP.='y' THEN 270 
230 FOR 1=1 TO NR 
240 INF'UT'give a pos.for rel. ';RP(!) 
250 NEXT I 
260 GOTO 310 
270 !Nf'UT'theocoenoc,-yln ';TEO'- : IF TEO�='n' THEN 290 
280 FOR I=l TO tlR : Rf'(!)=RXINRt! : NEXT I : GOTO 310 
290 FOR !=1 TO NR : RP(!)=RND(l)tRX 
300 NEXT I 
310 REH-printout of cenoc,characteristics 
320 FOR 1=1 TO NS: Lf'RINT 'sp.';l;" h=';H(l);' 1ean=';XH(l);' sig1c1=';SG(l) 
330 NEXT I 
340 NAPC=NOPC•IOO :Lf'RINT 'releves table-r,oise(Il=';tlAPC 
350 FOR !=! TO HR : LPR!NT'rel.n.';l;' rel.x=';RP(l) : NEXT I 
360 REH-table to file 
370 INPUT 'table to file-yin ';YVl 
380 f&R 1=1 TO HR · fCR J-! TO MS 
390 QUAO ( I. ,J) =O 
400 OX=Ae-S<RP<Il-XH(J)) 
410 IF DX > 3tSG (.J) THEN 460 
420 DUS=2tSG (Jl '2 : 02X=DX'2 
430 OES=-D2XIOUS 
440 QUAD (!, J) =H <Jl * <1 +NOf·Ct (RNO < 1 l-1)) tEXf" (OES) 
450 QUAO(I.Jl=!NT(QUAD<I.J)+,5) 
460 NEXT J : NEXT I 
470 REH-print table 
480 FOR 1=1 TO NR : fOR J=I TO HS 
490 LPRINT QUilO(I.Jl;' ';: NEXT J 
500 LPRINT : t/EXT I 
510 kEH-hle option 
520 IF YYi='n' THEN 610 
530 INF·lJT'full lilera,1e ';Nl 
540 IHf·UT"does it already exist-yln • ;Zl 
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550 JF Z�='n' THEN 570 
560 nLL N• 

570 OPEN 'O',Ml,N� 

580 FOR !=I TO l!R : FOR J=I TO NS 
590 f'R!Nm,QUAD(!.Jl : NEXT J NEXT I 
600 CLOSm 

610 CLS : COLOR LO 

620 FX=400/RX : FY=200/HALT 

630 LPRINT 'f>:=' ;FX;' fy=' ;FY : LF'RltH 
640 f·SET (O, 200) 
650 LIHE (0,200HO,Ol : LIHE (0,0H400,0l 
660 LINE (400,0H400,200l : LINE (400,200H0,200J 

670 XO=O : YO=O : F'SET (XO, YOJ 
680 Xl=O : Yl=O 
690 FOR J=I TO NS 
700 XO=O : YO=O 
710 Y=O : 5W=O 
720 FOR K=O TO 400 STEP 5 
730 KX=K/FX 
740 DX=A85(KX-XM!,JJ J 

7�0 T5='•*SG (JJ 

760 IF DX J TS THEN 870 
770 T5=TS/4 

780 125=15'2 : ES=-. 5• (OX'2l /125 

790 Y=H (J) rEXf' (ES) >FY 
800 X=K 

810 JF Y J 200 OR Y ( O THEN 880 

820 I F X ) 4 00 OR X ( O THEN 880 
830 IF SW = O THEN PSET <Xl, Vll, I 

840 f·5ET(X, Yl.O : LINE (XO, YOHX, Yl XO=X : YO=Y 
850 5�=1 
860 GOTO 880 
870 5�=0 

880 NEXT K 
890 PSET <O, OJ 

900 llEXT J 

910 FOR I=I TO NR : f'UF=Rf·(l)•FX 
920 f'5ET(f'UF, Ol LINE (PUF, Ol-(f'UF, 11 Ol 
930 NEXT I 

940 Hif'IJT 'plot to printer-y/n ':Y:� 
950 IF Y�='n' THEN 970 
960 EXEC'sp 
970 CLS 
980 END 

990 f·RINT 'kapel,eister' : GOTO 980 
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Appendix C - BASIC Listing of OLIMISPAT (Olivetti Minimum Spanning Tree). 

10 REM-OLIM!SPnT(M.Lagonegro-19841 
30 INF·LJT 11 n,of d�ta points 11

;C 
40 INPUT 11 m8x,n,of con1p, 11 ;NC 

50 DIM MHHNC) ,MflX(tJCJ ,C<NC,CI ,Yl(CJ ,Xl(C) ,SEQ(CI ,XQ(CJ ,Zl (Cl ,D(C,C) 
60 IN�JT"data file ":NA• 

70 INPUT 11p1·ir1t coordin-:ltes-·)1/n 11 ;AXP: 
80 INPUT 11prir1t dista1)ce-y/n 11;CO� 
90 OPEN "l",Nl,NA• 
100 FOR 1=1 TO NC TT=O FOR J=l TO C 
110 IN�JTNl,C(l,JI TT=TT+C(l,J) NEXT J 
120 FOR J=l TO C C(I,J) =C(I,JJ-TT/C NEXT 

130 NEXT I 
HO CLOSE!ll 
150 FOR I=l TO NC MINIIl=CII,11 MAX<Il=C(I,11 
160 FOR ,J=l TO C·-1 IF MIN(I) < C(I,.J+l.) THEN 180 
170 MINCil=C(I,J+ll 
180 lF MAX(!) l C(l,,J+I) THEN 200 
190 MRXIIl:C(I,J+ll 
200 NEXT ,J 
210 IF MIN<II ) O THEN MIN(Il= ,000001 
:::20 NEXT I 
230 INF�T"first,second and third axes tag-to stop give 0,0,0 ":Xl,Yl,Zl 
240 JF Xl•Yl•Zl=O THEN END 
250 RLFA=15 REM-x axis perspective angle 
260 LPRINT "axes x=X":Xl;" y=X";Yl;" z=X";Zl 
270 ALFR=ALFA•l.74533E-02 
280 FOR I=l TO C Xl(Il=CIX1,II Y!(IJ=CIY!,II 
290 Z1(IJ=C(Z1,Il 
300 NEXT I 
310 GOSUB 11(;0 

320 IF CO�="n" THEN 350 
330 FOR I=l TO C LPRINT"row ";I FOR J=l TO C 

340 LPRINT DII. JI;" "; : NEXT J LPRINT NEXT I 
350 FX=(MAXIX!I-MIN(Xlll/350 FY=(MAXIYll-MlN(Y!ll/350 FZ=(MAXIZll-MIN<Zlll/190 
360 FOR 1=1 TO C SEQIIl=I XQ<Il=X!(IJ :NEXT I 
370 NSCMB=O FOR I=1 TO C-1 IF XQ I I I <= XQ ([ +1 I THEN 400 
380 BUF=XQIII XQ(Il=XQ(l+l) XQ(J+!l=BUF 
390 BUFFSEQII) SEQll)=SEQ(J+ll SEQ(I+ll=BUF NSCMB=l 
400 NEXT I 
410 IF NSCMB (>O THEN 370 
4?0 LPRINT"hori::,sequen,,e-:: a::is,fron1 r,eq,to pos." FOR I=I TO C LPRINT SEQIJI;" 

430 NEXT I LPRINT 
440 CLS COLOR 1,0 
450 IF FX < FY THEN FX=FY 
460 IF FY < FX THEN FY=FX 
470 !F FX'FZ THEN 490 
480 FX=FZ FY=FZ GOTO 500 

490 FZ=FX 

500 REM-starts drawirq axes 
510 X0=2GO V0=110 PSET(O,YO) LINE (0,YOJ-(400,YOl PSET(X0,01 LINE !X0,0)-(X0,2201 

520 PSET(O,YO-XO•TAN(ALFR)) LINE (0,YO-XO•TRN(RLFR))-(400,YO�xo•TRN(ALFR)) 
530 FOR J=l TO C X=Xl(l1/FX Y=Y!(II/FY Z=Zl(IJ/FZ 
540 JF AX•="y" THEN Lf·F:ItH"::";l;"=";Xl(ll;" y";l;"=":Yl<II;" z";I;"=";ZUI) 

550 XlUl=X Yl<Il=Y Zl(ll=Z 
560 XDl�=XO-X•COS!ALFRl+Y YDIS=YO-X<SIN(RLFRl+Z XQ(ll=XDJS SEQ(IJ=YDIS NEXT I 

570 MIX=X0 1 1J MAX=MIX MIY=SEQ(I) M�Y=MIY 
580 �OR .J�1 TO C 
59Q JT X•l (.JJ <MIX fHEN MJl=,XC1 .JJ 
61)r, If" XQ (.J) )MAX THEN MAX=Xf/ .J)

610 IF SEQ(.J) <MIV THEN Ml\'=�; IH.JJ 
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620 rr SEQ(J) )MAY THEN MAY=S[Q(J) 
630 NlXT J IF MTX >�O THEN MIX=.001 
640 IF MIY>•O THEN MIY•.001 
650 FX=IMAX-MIX)/400 FY•(MAY-MIYl/220 
660 lf FX>FY THEN FY•FX 
670 IF FY>FX THEN FX=FY 
680 roR 1•1 TO C X=Xl(J)/FX Y=Yl(J)/FX Z=Zl(I)/FX 
690 Y,[)]';-xo-x,cos (ALFR) +V YDIS=YO-X�SIN (ALFF:) +Z 
7UO PSET<XOIS,YO-X•SINCALFRII 
710 L!NE CXDIS,YO-X•SIN<ALFRII-CXDIS,YDISI 
/20 XR=XO-X•tOSCALFRI YB=YO-X•SINCALFR) 
730 PSETIXDIS,YBI 
740 UNE (XD!S,YB)-·(XB,ve., 
750 Xl (!)=X Yl(I>=Y Z\(ll=Z 
760 PSETIXDIS,YDIS) CIRCLE!XOIS,YDJS),2 NEXT I 
770 X<>•"la 'X',L'.t" v.o.= "la 'Y',390,100" z:c;="la 'Z',205,21()" EXEC X� EXEC y�: EXEè U. 
780 NT=C FOR !=1 TO NT XQ(l, =I NEXT I KUl=l GOSUB 1020 
790 XQCll = IM SEQ(l)=JM XQ(Ol=JM 
800 FOR 1=2 TO NT=l-1 
810 KU!=O GOSUB 102) 
820 NT•NT•l XQCNfl =IM FOR 12=0 TO NT-1 IF XQCI21C)IM THEN 840 
830 GOTO 860 
840 t·ILXT 12 

85a ,�oro 900 
860 XQCNTl=JM FOR !1=0 TO NT-1 
870 NT•NT-! GOTO 81) 

IF XQCI21C)JM THEN 880 

880 NEXT 12 
890 SEQ(Nfl•IM GOTd 910 
900 SEQ<Nf)=,Jrl 
910 lF NT>=C-1 THEN 914 
912 NEXT I 
914 l_PRINT''n��rest neighb. �;e11uence" 
920 roR I=O TO C-1 LPRINT XQ(j);" "; NEXT I LPRJNT LPRINT 
930 FOR J�I TO C-1 IM•XQ(l) JM=SEO(!) GOSUB 1120 
940 L.Pr�JNT"dìs;t:,=";nf'.SID(IM .. JM));" psiir· ";IM;" ";,JM NEXT 
950 LPRJNT LPRJNT 
960 lNF�T"plot to printer-y/n ";P• IF Pl="n" THEN 990 
970 EXEC"sp 
980 Ll'RINT LF'RINT 
990 èLS 
1000 GOTO 230 
1010 PRINT"kapelmeister" LPRJNT "kapelshuler" END 
1ù20 REM-finds min,d1st.in residua! m�tri:{ 
1030 MINO=l[+�O FOR IUK=KUI TO NT FOR JUK=l TO C 
101,·0 II=XQ(ILJVI [F ,JlJK=JI THEN 1090 
1050 IF D(Jl,,JUfO <O THEN 10''0 
1060 IF D(ll,JUKl)=MIND THEN 1090 
1070 MIND=Dlll,JUKI IM=ll JM=JUK 
1080 lF D(ll,JUKl=O THEN D(Il,JUKl=IE-09 
1090 NEXT JUK NEXT IUK 
1100 D(IM,JMl=-D<IM,JM) DCJM,IM>=D(JM,JM) 
1110 fiETUR/1 
1120 REt\-dr�ws M.S.T, br�r,ch 
1130 XA=XO-XIC!Ml•COSCRLFRl+Yl(JMI YA=YO-X111Ml•SIN<ALFR>+Zl(IM, 
1140 XC=XO-Xl(JMl•C05(ALFR1+Yl(JMl YC=YO-Xl(JMl*SINCALFRl�ZllJM1 
1150 PSETCXA,YAl LINE IXA,YAl-1XC,YCI RETURN 
1160 ·F\EM-,:omç.1Jtes e1J,.:,dist. for d;:ita 

1170 roR IAK=l TO è D!IAK,IAK)=O FOR JAK=IAK+l TO C 
1180 DX'.'= (Xl crnn -Xl (,JAK) I '2 
ii�·\J L/Y.2=,Y1 l!HK)-Yl (,JAK))"�� 
1200 DZ2=CZ111AKI-Zl(JA�ll'2 
1210 DCIAK,JAKl=SBR<OX2+DY'.'+DZ2> DIJAK,IAKl=DIIAK,JAKI 
1220 NEXT JAK NEXT IAK RETURN 
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