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Absthact

The CLUSTAN package provides a choice of 38 similarnity
coefficients, but the descniption of these varies §rom
{nadequate to non-existant. Also they are subject to
severe Limitations for anchaeological applications
dince they prwohibit the use of a mixture of modes of
attribute and make no allowance §on the problem of
missing data. The paper stants with a survey of
coefficients within the package, some of which may be
applied to binary data and othens to numeric. A
separate program has been wiitten to deal with a
mixture of attributes and data where some values may be
missing and {8 descnibed here. The output §rom the
pwgham L& a card §ile which contains control cards and
a similanity matnix for input to the CLUSTAN package,
making use of the option to stant the CLUSTAN nun

grom a caleulated similarity matrnix.

The CLUSTAN package

The Univensity of Binmingham has access to a version
of the CLUSTAN package which allows the input of
numeric and binary data, the caleulation of a similarity
mairix acconding to any one of 3§ similanity ceefficient
gollowed by a Cluster Analysis acconding to any o4 the
8 SAHN methods provided and a choice of nepresentation
0§ the nesults. This {8 a very powernful and useful
facility and one might have expected the archaeology
department to have made extensive use of it. 1In fact
At has been completely neglected and on investigation
the neasons fon this become clean,

Fistly it 48 not easy to find out exactly what
similarity coefficients are calculated and what
Amplications a panticular choice of coedficient has.
The description in the package is extremely meaghe and
requines close comparison with the §irat textbook by
Sneath and Sokal, now obsolete and out of print. Once
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the equation has been Located, thene 48 no indication
which s preferable in any given circumstance. i

Secondly, although both binany and numeric data
may be nead into the package, only one Zype of
attribute may be used in the calculation of similarnity,
all data of the othen type being misked o044 durning the
calewlation. To obtain useful comparisons of
archaeological data, {t is oflen necessary Lo use a
variety of attrnibutes of different types.

Finally, archaeological data is often incomplete
and thene 48 no facility within the existing package
§on ignorning comparisons involving missing data.

Fon all these neasons, 1 decided Lo wrnite a program
which would make use of the option of entening the
CLUSTAN package with the similarity matrix already
caleuwlated and would satisfy the specifal nequirements
0§ archaeological data.

The problem 0§ missing data

This is particularnly obvious when we are using binary
data, since a value of 1 indicates presence of an
attnibute while a value zeno indicates either absence
on a missing value. To make this distinction clear,
Let us assume we are neconding poitery mugs and one of
our attrnibutes is the presence or absence of decoration
on the handfe. Presence gives us no problems; 4if the
attiibute {8 1 the mug has a handle and it is decorated.
Absence, denoted by 0, means that the mug has an
undecorated handle. Missing means that the handle was
broken 044 in antiquity and we have no .indication whether
it was decorated en not, on that the mug was made without
a handfe and the question of decoration becomes meaning-
Leas. Both these cases are also denoted by a value of 0.

This uncertainty is neflected in the evaluation of the
similanity coefficients. While mutual presence of an
attribute counts towards its similarnity, mutual absence
is Less centain. In our above case, a mug without a
handle and one with an undecorated handle are certainly
not similar in this nespect, but fwo mugs with undecorated
handles should be. In the standard CLUSTAN package, it
i4 not possible to make this distinction, bat in my
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progham 1 have done this. In the packzzz, the
coefficient forn any binarny atiribute is zapressed in
tenms of the following sums, faken over all binary
attributes fon each pairn of objects.

number of cases for which object 1=1 £ object J=I
number of cases for which object I=1 £ object J=0
number of cases for which object I=0 £ object J=1
number of cases for which object 1=0 £ object J=0

Then gon a numben of coefficients we have fwo vernsions
04§ each of the formulae. For example:

Dice-Sonenson.

ICOEF=6 S = 2a/(2a+b+c)

ICOEF=7 S = 2(a+d)/(2(a+d)+b+c).

Rogers-Tanimoto.

a
b
c
d

ICOEF=8§ S = a/(a+2(b+c))
ICOEF=9 S = (a+d)/(a+d+2(b+c)).
Kulezgns ki,

ICOEF=10 S = a/{(b+c)

ICOEF=11 S = (a+d)/(b+c).

Here we may assume that all the 0 values denote missing
data and take "a" as the number o4 agreements in the
samilarnity measure, on we may assume that all the 0
values denote absent data and take "a+d" as the numbex
of agreements, but we cannot distinguish between absent
and missing data.

In my program 1 allow méssing data to be coded as
a blank column on the data card rathexr than a 0 and
provide the choice 04 trheating this as zero in the
same way as the CLUSTAN package or o giving it the
value of -1 within the program and omiiting any
comparisons gor which either on both the objects have
a missing value. This means that my data i85 no
Longen binarny, since it may take 3 possible values,
and the extensdion to multistate data is obvious.
Hene T nefer 2o unondered multistate data, where it is
possible to test whethen values are all completely
different and this difference cannot be quantified. Fox
example, the shape of a cross-section may be circulax,
Duiangularn on square, 1 provide a Limited selection
0f similarity coefpicients expressed inm teams of the
goLlowing sums.
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x = numben of valid agneements.
y = number of valid disagreements.
z = numben of invalid comparisons (since one on both of

the attrnibutes {8 missing).
n = number of attributes = x+y+z
The variable L 48 used to indicate %he choice of attnibute.

L=1. S =1.0 - y/n. Manhatten metrnic.

L=2. S = 1.0 - Jy/n. Euclidean metric.

L=3. S = x/n. Simple matching coefficient.
- 1=4. S = 2x/(2x+y). Dice-Sonensen.

L=5, S = x/(x+2y). Rogerns-Tanimoto.

Numeric Data

In my program, 1 accept ondered multistate data and treat

it as a special case of numeric data since the values are
orndered and distances between them have the same significance
as fon the numeric, but they ane Limited 1o certain discrete
values. Thus the selection of coefficients provided fon
the numernic data also apply to the ondered multistate data.
Once again, the variable L 48 used to indicate choice 04
attnibute and in this case x, 44 the value of the atiribute
 fod object 1 and x, the walud for object j. The summation
is taken over atl 3 the attributes.

L=1. S =1.0 - ¢|x -x_|/x Manhattan metric.
$ LT max

L=2. S=1.0-1/n VE(x =-x)%/x ¢ Euclidean metrnic.
i max

3

L=3. S =1.0 -[lln Z(xi-xj)/xmx] size difference.

L=d4, S=1.0 -[2l/n(xi-xj)3/x;‘;ax - @./n X(xi-xj)/xmg2]
shape diffenence.

L=5. S =

* i ( *
Z(xi xj)/V(leg)( sz) Cosine



75
These 5 coefficients are the only ones provided at

present, but others, such as the product moment
cornelation, may be added fLater.

ALL the caedficients, both binary and numerie, are
scaled Lo Lie 4in the nange 0.0 to 1.0. The variable
X ox used to scale the numeric data, is calculated §nom

the data matrnix and {8 simply the maximum nange 0§
values fon the attrnibute being evaluated.

The FORTRAN Program

The program accepts as input, a data matrix containing
the values of the attributes fon each 0f the objects
Ain the study. 1t assumes that forn each object 4in
tunn, the data cands will contain the values 04 NI
numeric attrnibutes, §ollowed by N2 binany attrnibutes,
followed by N3 multistate attrnibutes, §ollowed by N4
unordered multistate attributes. At present, the
total number of attrnibutes, N1+N2+N3+N4, musit not
exceed 40 and the total numbern of objects must not
exceed 99. It 48 easy to increase either on both 04
these Limits, but the assumption that all the attrnibutes
0§ a particular Zype are gathered together in a s.ingle
block 48 part of the design of the prwogram and could
not be changed without extensive rewniting and a Loss
04 egficiency.

The §inst data cand 48 a control cand specifying
vatues o4 the following variables; N1,N2,N3,N4,MISS,K,
IPSIM

N1 fo N4 are the number of each type of attrnibute.
MISS=1 4§ missing values are to be distingwished {rom
zerno ones and MISS=0 {4 this facility is to be
suppressed.

K 48 the numben of objects.

I§ 1PSIM 45 Left blank, then the program generates
oulput data fon a standard CLUSTAN nun using Nearneszt-
neighbour clusterning method. 1§ IPSIM is set to 4,
the next two input cands must be the DIST and ANAL data
cards fon the CLUSTAN pachage.

1t is intended 2o add an additional item to this
control cand 2o allow the option of caleulating
dissimilanity coefficients instead of the standard
samilanity matnix. The control carnds are in qonmat

éﬂzl)z and options not nequired may be ignored and Ledz
ni,
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Figure 1.

Set of Test Data used to
produce the datafile opposite.
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150842« LOGIN J0OB)s:CASLE301S

TYPE PASSW(IORD~
WAITING : TO i E STARTED

STARTEL :CASLB3015>J0R1, 6JANTE

151243« LISTFILE DATAFILF
RUNCLUSTAN

CINS 10

F (RM

(20F4.2)

DIST &

067

07 40440
080080074

087 0800740.80
De670e66706670+5400¢ 1

0eBl0e47 0680680467 0+68
067087 0740e740e600.470461

0+4610880+620+680e680820.470+61

1512443

0+8100680+550+810+7404750670610«x0

ANAL 11 1 9 i
FINI
*ok ok ok

15.13.32+ RUNJOB I} PJOR1>DATAFILE

151359« LOZOUT

MAXIMUM (NLINE ES USED 1 »WORDS

151404 0.01 FINISHED : 0 LISTFILES

15¢14.09+~

Figure 2.

Listing of data file and
Runjob command for 1906A

installed at Birmingham
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The data cards §on each object in turn ane then supplied,
the numeric data in gonmat (16F5.0) occupying as many

cards as needed and followed by a card in format (40(1X,11))
containing the multistate data. At present the digits
0,1,2,3,4,5,6,7,8,9 may be used to code this data, but

AL 48 easy 1o extend the program to accept any single
character forn this data.

The §inal card input {8 a control card containing the
values of L1,L2,L3,L4 giving the choice of coefficient

for each type of attribute. There is no restriction on
the choice of coefficient for the zypes 04 attribute,

but it is expected that most usens will wish to have the
dame coeggicient for the types of both numernic and ordered
multistate. Gowen's coefficient, which is frequently

used in archaeological applications, comnesponds to a choice
o4 Ll=1, L2=3, L3=1, L4=3. 1t 48 intended that a blank
control cand in this position will be interpreted as a
request for Gowern's coefficient.

The program is executed and a coefficient, in the hange
0.0 2o 1.0, 48 caleulated forn each type of attribute and
called S1,52,83,S4 nespectively. Then the ginat
coefficient for this pari of objects is caleulated as
S = (NI*SI+N2*SZ+N3‘S3+N4‘S4)/(NI+N2+N3+N4). A matnix of
these similarity coefficients <8 printed on the Line
puinter and also output to the §ile with control cards gon
the CLUSTAN nun.  On the 1906A system at Bim.ingham, the
output file is 4in the cornect format for a nun with the
CLUSTAN package and the only thing needed is to issue a
"RUNJOB" command from a Mop tenminal. Minon alterations
will be needed gor othen installations, but as my program
48 wiitten in siandand FORTRAN IV gon easy porntability
these should not be a great problem.

Examples of input and output are given in figures 1 and 2
of this papen.



