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The, CLUSTAW package pKûvldu a. choice, o^ 38 limitoAity 
coe^^^ocentA, but thz ducUptlon o^ thue vofUu ^m 
inadéquate to non-e.xlitant.      AZ&o they OKZ subject to 
itvfLZ tijnitaZion& (JoA. a^cAaeologlcal apptiùatiom 
Aincz thzy pfwhlblt the. u&e o^ a mbUivit oi modu oi 
attribute and make no allowance ^OK the pfuoblem o^ 
ml6ilng data.     The papeA. 6taAtó with a 6uA.vcy o^ 
coz^^cLenti Mithin the package, 6ome o^ uhi.ch may be 
applied to binoHjy data and otkefu^ to mmefUc.      Ä 
6epaJuUe pnog/um ha& been uvUtten to deal uiltk a 
mixtu/te o^ atùii.bute& and data wHeAe 6ome valuei may be 
mi&4^ing and i& de&cjUbed heAe.      The output ^om the 
pfwgfum -C& a ca/ul ^ile which contains cjontAol caJuü and 
a àimlùvUty matrix ^OK input to the C LUST AN pac±age, 
mealing u&e o^ the option to itoAt the CLUSTAN xun 
^^m a calculated simiuvUty matxlx. 

The CLUSTAN package 

The Unlvefuity o^ Sinmingham hi& acce&s to a vex&lon 
o^ the CLUSTM package uohich allom the input o^ 
numexic and binJaAy data, the calculation o^ a simllaKiXy 
maUiix according to any one o^ 3i àimiJlaxity cMtHlclent 
iotlov)ed by a Claiten. Analysli accoftding to any o^ the 
& SAHM me^vodi provided and a choice o^ >iepA.e&entatlon 
0(J the. xeiulta.     Thl& l& a ve/iy poweA^ul and useful 
facility and one might have expected the aAchaeology 
depwitment to have made extensive u&e o^ it.      In ^act 
it ha& been completely neglected and on investigation 
the leoAoni, ^on. thi& become cZeoA. 

FiAStly it lb not easy to ^Ind out exactly uhat 
sijnllaAlty coefficients ojie calculated ami vdiat 
implications a paAtlcuZoA choice oi coeHijcient has. 
The descUption In the package is extJumely meagxe and 
lejqulfus close comparison utiMi the ^Iftst textbook by 
Sneath and Sokat, noM obsolete and out oi puint.      Once 
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the. zqvuition Imu bezn located, tkeAe. >c4 no Indicuatlon. 
vuklck -U pne-ieAabte. in any givtn cÀAcumAtance.. 

Se.cûndty, although both binoAy and numeAlc data 
may fae A.ead Into the. pacfeage, orJUj om type, o^ 
athùJbutz may be. a&td In thz caZcalatÀ.on o^ iimlta/Uty, 
aU. data oi the, otheA type, bting wufeerf o^ duAing tkz 
catduJüvUon,      To obtain uieijai compoAÀMon^ oi 
ajLchae.ologA.cal data, It là olt&n mcti^oxy to uAe. a 
vaAU.ety o^ ottAlbuttà o^ dc^leAent typu. 

Finally, aAchanologlcal data l& o^ten Incomplete, 
and tkeJiz l& no facility mJÜUn the. exibting packagz 
^ox ignofUng compaAU^om Involving ml&&ing data. 

Fox all tkeJïe. A,ea4onó,  I de.cide.d to vmltz a pnagfum 
u)hich ujould make. iMe o^ the. option o^ ente/ilng the. 
CLUSTAK package, ujlth the. AlnlùvUty maiAlx alxeady 
calculated and would óatliy^y the. &p^clial xequlxmenti 
oi axchaejologlcal data, 

Thz problem oj mli^&lng data 
Thl& Xi poAtlculaxty obvloai uhen u>e. axe. u&lng binary 

data, 4-óice a value, oi J indlcattA pxe^ence. OjJ an 
attribute, tiohlle. a value, ze/io Indicates eltheA absence 
on. a miiitlng value..      To makjt thlA dl&tinctlon cle/xJi, 
leX. UÂ ajbiuim uie. OKZ Ke.cofidiMg pottexy mugi and one. oi 
ouA. att/Uhutei l& thz pxe^encz ox abiznce. oi dzcßKotlon 
on thz kandlz.      Pxziencz ghieA u& no pfœbleM;   li thz 
attJilbutz l&  1 thz mug ha& a handlz and It l& dzconatzd. 
Absence, dznotzd by 0, mzanà that thz mug ha& an 
undzcjoxatzd handlz.      Ul6&lng mean& that thz handlz oias 
bàokzn oii In antiquity and loz hauz no Indication MkztheA 
it WOO dzconatzd »A. not, oK that thz mug uwó made uxLthout 
a handlz and thz quz&tlon oi dzcjotatlon bzcomzA meanlng- 
Iz&Ji.      Both theAz ca&z& OAZ alio dznotzd by a valuz oi 0. 

Thli unceAJtalnty li Kzilzctzd in tkz. zvaluatlon oi thz 
ilmilajilty cozHlclznti.      iilhilz mutual pxe^encz oi an 
attJilbutz counts touxxAdi iXi iiMiiloAlXy, natual abizncz 
li lz6i czAtaln.      In OUA above coiz, a mug uxUhout a 
handlz and onz uilth an undzcoAoled handlz aAz cznXalnly 
not iimlloA In thu Azipzct, but tuo mugi vilth undzconatzd 
kandlei ihould bz.      In thz itandoAd CUISJM package, iX 
li not poiilblz to makz thli dlitlnctlon, bat in my 



p^gfuxm I kave. dom tkU,.      In ^e padUL^^, the. 
coe.^^lciejfit ^ofi any blnoAy cutOtibtite. CA ~zxpxui^d ^n 
teAm& 0^ tkt ^ottoMing 6um6, takzn oveJi all binaiiy 
attfUbuXe^ ^on. zach pain, o^ obje.ct&. 
a = numbeA o^ caiu ^ox bohlch object 1=1 i objtcX. J=J 
fa = numbeA ol ca&e^ Ion. wkidx object 1=1 t objzct 3=0 
c. = mmbvi oi ca&U ^on uklcÀ objtcX J=C i object J-I 
d = numbzn. ol ca&e^ loK Mhlck object 1=C i objzcl 3=0 

The.n ^ox a nimbeA o^ coz^^lciznti toe have, -two venjM)n& 
0^ tack 0(J Ikz ^onmulae..      F OK zxample.: 
Vlcz-Sommon. 
ICÖEF-6      S =» 2a/(2a+b+c) 
ICÖEF=7      S - 2(a+d)/(2(a+d)4b+c). 
RogeAó-Tanlnoto. 
KOEF=S      S = a/(a+2(b+c)) 
ICÖEF-9      S =  (a+d)/(a-Ki+2{b+c)). 
Kulcz^n&fU. 
JCÛEF=lÛ    S = a/(b+c) 
ICÖEF-IÏ    S =  (a+cl)/(b+c). 

HzM. we may auumz that all tkz 0 valut& dtMotz mc&ilng 
data and takt "a" oà tke. numbeA o^ agn.e.aientA -in tiie. 
i'ißiltaJvity mexuuAz, on. we may a&6ume. that all the. 0 
valuer dznote. absent data, and take, "a+d" OA tht numbtn. 
0(5 ag/ieemeiitA,  bixt tat cannot dlAtlngiiLih btXtattn aiatnt 
and mjUàIng data. 

In my pKognam 7 allow mii^lng data, to be codid a& 
a blank coumn on the. data cand natkex Hum. a 0 and 
pnovlde the choice, o^ t/ieatlng tku a& zejio In the. 
ione uiay a& the. CLUSTAN package on. oi gluing It the. 
value, ol -1 (Olthin the. pn-ognxm and omitting any 
compaAl&on& ^on. oohidi eUXheA on. both tht objects have, 
a mi&iing valuz.      Thi& me.ani that my data ii no 
longeA binaxy, sinct it may take. 3 po&éiJblt valuer, 
and tht cxten&ion to milti&tate. data is obvioiu, 
Htne I xe^eA to unoxdexed multi&tate. data, voheAc it ii 
pos&iblt to tt&t whetheA valaeA axe. all completely 
diiieA-tnt and this di^^eAence. cannot be quantified,    fox 
tKomple, the. shape, o^ a cAoss-section may be ciAcalax, 
txianguloA ox squaxe^      I pxovide a liMited selejction 
0^ simitaxity coe^^iciejUs expxtssed in teAms o^ the 
^oilouiing SUMS. 
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X = numbeA OjJ vaLid agx^ementó. 
y = numbzA o^ vdtid cLL6CigKe.ejme.nt6. 
z - mmbcK ol ÀjwcdLid c(mp(vU6on6  {4-óice one on both o^ 

the. attXÀ.bat&6 i6 m^A-cng ). 
n » Ywmbex oiJ attnJ.but.eM - x+y+z 

The vo'UÄb^e L >tÄ UL6e.d to Indicate, the. choice, o^ attKlbutc. 

L=l.        S » 1.0 - y/n. ïianhatten metfUc. 

L=2. S - i.o - /y/n. Euctidean metAlc. 

b*3. S « x/n. S«np£e matclving coefficient. 

L*4. S = 2x/(2x+y). Px.ce-So^enóen. 

L-5. S - x/(x+2y). R.ogeA6-Ta.nÄmoto. 

Numexic Vota 

In my pnogim, I accept onAeAzd tnatUAtate. data and txcat 
it a^ a 6pe.ciaJL coAe o^ numeAU,c data iincc the. vaZac6 an.e. 
oxdeAnd and di6tance6 fae^een them have the. 6ame. 6igni^icancc 
06 ^ofL the. numeAic, but they ate tijnite.d to ceAtain di6CH.etc 
valuer.      Tha6 the 6ete.ctÀon Ofj cocHicientJ, pHû\)ide.d ^ofi 
the. numeAic data aUo apply to the. 0AAeAe.d multiitate. data. 
Once again, the. vaxiAble. L i6 u6ed to indicatz choice, o^ 
ottAibute. and in -Oi/û coie x   -â thz value o^ the attribute. 
^A objexit i and x   the. value. ^oK object j.   The. 6ummtion 
i& taken QVVL aJUi ' the. ottfiibuteÀ. 

L'^l.       S - 1.0 - EIX -X. l/x ttanhattan meXxic. '   i     j'     max 

L-2.       S - 1.0 - 1/n /Hx-x.)^/x ^ Euclidean meXAU.c. i    j max 

L-3.       S - 1.0 - 1/n E(x,-x )/x A^ze £tc^^e>ience. 
X       J «AXJ 

L*4.        S - I.o -fzi/nU^-x^)2/x^^ -   Q./n ^^ (V^j^^'^maaD^ 

ihape. di^ieJienct. 

L=5.       S - J:(X^.X.)//(EX^) ( x^) Co6im. 



,Tk(ue 5 cjoz^^iciejiti axa the. onttj one* pfiovldzd at 
pfieJ>mt,  but ûtkdXo, 6uck ci& the. pfioduct moment 
Cjo>iAetaXÀ.on, may be added lateA. 

kit the caeii-UUenti, both binoAij and numeMc, oAe 
scaled to tie in thz nanqe o.o to i.o.      The v(vUable 
\ax ^^'^ ^ àcale the numeAlc data, äJ, calculated i^m 
pie data matAXx and l& 6-ànply the maxJjnum xange o^ 
vaZue6 ioi the attribute beÀnçt evaluated. 

The f OUTRAN PfLoq^am 

The ptogfLom acce]yU a& inrxit, a data matxix cantalyiing 
the valuer o^ the attAlbuteJ^ ^OA each oi the objects 
in the itudy.      It oióume^ that ^ox each object in 
tuAn, the data caAdó wilt contain the valuer o^ Nl 
numeric attAibut&&,  ^oUomed by N2 binoAy attAibate.&, 
(lOltoioed by N3 mulXiitate attAibuteA, iotlmed by N4 
unondeAzd multi&tate attAibute&.      At pAeJ>ent, the 
total numbeA o^ attAibute-i, N1+N2+N3+N4, mu6t not 
excezd 40 and the total numbeA o^ objects mu^t not 
exceed 99.      It is eoiy to incAea&e exXheA o A both o^ 
the^e timiti, but the asiumptlon that all the attAibtUei 
o{^ a poAticuloA type axe. gathexed togetheA in a iingle 
block i& paxt oi the design o^ the pAogAom and could 
not be changed without extensive AewAiXing and a loss 
0^ e^{,iciency. 
The f^iAst data coAd ii> a contAol coAd   specifying 
values oi the ^oUoMing vaAiables; NI,N2,N3,N4,MISS,K, 
IPSIM 
Nl to N4 oAe the numbeA o^ each type, o^ attAibute. 
Miss=l i^ mis&ing values oAe to be distinguished ^Aom 
zexo ones and MISS=O ii this ^aciliXy is to be 
AuppAesàed. 
K i& the numbex o^ objects. 
li IPSIM is leit blank, then the pAogAm genexates 
output data ^OA a standaxd CLUSTAH Aun using Heaxest- 
neÂghbouA clustexing meXhod.      I^ IPSIM is A et to 4, 
the next two input caxds must be the VIST and AWAL data 
caxds ^oA the CLUSTM package. 

It i6 intended to add an additional item to this 
contAol caxd to allai} the option o^ calculating 
diss-imitaAity coefficients instead o^ the ètandaxd 
iimilaxity matAix.      The contAol caxds axe in ioAmat 
[SI2) and options not Aequixed may be ianoAed and leKt 
blank, '^ 



-74 

Figure 1. 

Set of Test Data used to 
produce the datafile opposite. 
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IS 

15. o8.42•-   LÜÜIN   JÜDl» :CASLJ-3015 
TYPE  PASSWGRD- 
WAITING    :   TO  I E   l-TARTED 
STARTED   :CASLB3015,JQPI,   6JAN78      15.12.43 
15.12./J3-  LISTFILE   DATAFILE 
RUNCLUSTAN 
CCWS      10 
FCRM 
(20F4.2) 
DIST   ? 
0.67 
0.7 4 0. PO 
0.800.800.74 
0.87 0.800.740.80 
0.670.670.670.540.M 
S'f42*âZS*é80.680.67 0.68 
O . 67 O . 87 O . 7 4 O . 7 4 O . J-O O . 47 O . 6 1 

0.610.880.620.6 80.680.820.47 0.61 
0.810.680.550.810.7 40.7 50.67 0.610.^0 
ANAL 1119 
FINI 

15.13.32-  RUNJCB   ^ OPüDB 1 , DATAFILE 
15. 13.59-  LOGOUT 

MAXIMUiyi   LWLINE  BS   USED   1   KWCRDS 
15.14.04   0.01   FINISHED   ;    O   LISTFILES 
15.14.09- 

Figxjre 2. 

Listing of data file and 
Runjob commzmd    for    1906A 

installed at Birmingham 
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The datxi cxuick ion zack objtct in tuAn axz ihzn 6upptie.d, 
the. numeAlc data. in iofimat (J6F5.Ö)  ocjcupijing oó many 
cwidi 04 nizdtd and lollmtÂ bij a avid In ^ofunat (40(IX,!/)) 
containing the. multUtiUt data.      kt pfi£j>ent tht dLqiX& 
O,],1,5,4,5,6,1,t,9 may ba. u&ed to code. tkU data, bat 
iX ib ea&y to extend the. pfuognam to acczpt any iingle. 
choAacteA ion thii» data. 
Thz ^inal caAd input ii^ a control catd containing the 
valuer oi L1,LZ,L3,L4 giving the choice o^ coefficient 
ioK each type o^ atùiibute.      Thexe i^ no xeJ^tfUcXion on 
the choice o^ coefficient, ^on the   type^ o^ ottAibute, 
but it ijS expected that m&t ai>eA6 uoilt m^k to have the 
6ame coeiiicÀ.ent iofi the types o^ both numeric and ofidefud 
muttUtate.      GoweJi'& CJOefficient, which it, ifizque.ntly 
used in oAchaeological applications, cjoviesponds to a choice 
oi Ll^l, L2'3, 13=/,  L4^3.      It Is intended that a blank 
control coAd in this position voiZt be intzApneXed as a 
xeque^t ^OK GoweA's coeU^cient. 

The pfœgfum is executed and a coeiiicÀ.ent, in the fiange. 
0.0 to 1.0, is calcuuvted iox each type o^ aXtxibute and 
caUed S1,S2,S3,S4 xe^pe.ctivUy,      Then the ^iml 
coefficient {^ot this paJvi o^ objects Is catcatatcd as 
S = {U1*S1*N2*S2*N3*S3*N4*S4]/{N1*NZ*N3*U4].      A matfOx oi 
these simlùvUXy coefficients is punted on the line 
pAinteA and also output to the iile uiiXh contAol coAds ^OA 
the CLUSTAN Aun.      On the 1906A system at BiAmingham, the 
output (tile Is in the coAAzct ^OAmat ^oA a Aun viith the 
CLUSTM package and the only thing needed is to issue a 
"RÜWJ08" command ^Aom a Mop teAminal.      UinoA alteAotions 
Mill be needed ^OA otheA instaUations, but as my pAogAam 
Is uvUtten in standoAd FORTRÂW 11/ ^oA easy poAtability 
these should not be a gAexit problem. 

Examples o^ input and output aAe given in ilgwies 1 and 2 
oi this papeA. 


