Algorithm 65

AN IMPROFVED CLUSTERING ALGORITHM
A. H.J Sale
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Author’s Note:

This set of routines produces the same type of results as Algorithm
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47 (A Clustering Algorithm) in that it will generate and return
all subsets of objects from a given set that salisfy the condition
that the maximum dissimilarity (or ‘distance’) between members
of the subset is less than the least dissimilarity between any
member of the subset and any object not in the subset. Excluded
from this definition are sets consisting of single objects only,
and the set of all the objects. It differs from Algorithm 47 in its
overall design, in its method of returning results, in its use of
storage, and in its execution speed. Subsequent paragraphs
detail these differences.

The Algorithm given here has been tested on an IBM 7040
under both the IBFTC and WATFOR compilers with both
constructed examples and random data for numbers of objects
in a set ranging from 10 to 100. In all cases it produced correct
results.

The parameters required are fully detailed in the source
language comments; however it should be pointed out here that
storage of the order of »® variables is required for a set of n
objects, and the run time should vary approximately as #%
The following criteria were employed in the design of the pro-
gram:

1. The vector of distances should not be destroyed by the
routine.

2. Since large numbers of ohjects are to be expected, the
execution time should be as short as possible, and as
little storage as possible should be used.

3. The results were to be returned to the calling routine,
rather than printing them {which makes them unavailable
for further processing).

4. The operation of the routines shounld be clear and simple
to understand.

The process used is to search for a smallest dissimilarity
between a pair of subsets, then to merge those two into one,
simultaneously making the dissimilarities between thern inaccess-
ible, but noting the cluster *diametet’. Then all other subsets are
scanned to make a choice between the dissimilarities to each of
the {now merged) subsets. Two of the four values are kept: the
least and the greatest. The least dissimilarity is needed for
subsequent searches; the greatest is needed to determine the
sibset diameter, During this scan the merged subset diameter is
compared with the least external dissimilarities: if it is less than
all of these then the subset is a cluster, otherwise another merge
must be initiated. To start the process all objects are regarded
as subsets with identical maximum and minimum inter-subset
dissimilarities.

This algorithm arose out of a certification of Algorithm 47 in

“which it appeared that it contained several major bottlenecks:

the initial sort, the testing of the clustering condition, and final
sort, all of which had run-times proportional to »t,

In storage requirements the new Algorithm appears superior
in program size, and certainly in data storage. To verify the
expected improvement in execution time a series of examples
were run using test data of points with random (x, »} co-

Table 1

Comparative run-times on identical data for Algorithm 47, an
improved version of Algorithm 47, and Algorithm 65

NUMBER OF TIMES RECORDED ON IBM 7040 ror:
OBJECTS
ALGORITHM 47 IMPROVED ALGORITHM 65
ALGORITHM 47

10 45 sec 22 sec 12 sec

20 329 17-4 4-6

39 1778 786 128

40 5160 2281 277

50 1281-8 5286 510

60 23776 1079-7 852

70 — 1868-2 1329

80 — — 1959

%0 — — 2738
100 — - 3736

The Computer Jourpal



ordinates in a square two-dimensional space. These results are
shown in Table 1, for numbers of objects from 10 to 100. These
results verify the predictions and show a large superiority of the
new Algorithm over the original. It should be pointed cut that
the times will vary slightly with the data: the test data is character-
ised by few large clusters but many doublets.

To sum up, this new Algorithm seems to be superior in both
program and data space utilisation, and in execution time. There
seems however to be one place where a version of Algorithm 47
might still be preferable: where the large tables (of size » x
(n = 1)/2 variables) are sorted and stored on a serial access
medium (for exampie magnetic tape). The reason for this is that
Algorithm 47 always runs serially through the tables (wholly or
partiaily} while the new Algorithm requires random access 1o the
tables. A more recent algorithm (Algorithm 52) while slightly
different in function points the way to perform the same clustering
process with approximately :

(number of different dissimilarities) + log,(n?)
passes through tapes holding 2#® variables, This for some cases
would produce run-times proportional to n?; for others pro-
portional to »* log n*. Whether a problem too large to fit in core
can be completed in this way in a reasonable time will of course
depend on the machine.

Reference

° vaN ROSBERGEN, C. ). (1970). Algorithm 47: A clustering
algorithm, The Computer Journal, Vol. 13, No, 1,
pp. 113-115.

SUBROUTINE CLUSTSEKSIZEsKIAT TARLES SWITCH KOUT, HLENG, DI AM.
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CIFICATIONS

EGEPR HEIZE,HDAT,HLENG, KNUM
L D1AM.SFACE

ICAL BWITCH

INTEGER KLIMK(HSIZE)aHMEADCHS[ZE},KOUTLKS) ZE) s MAXMINTKDATY
REAL TAPLECKDAT)
DECLARATIONS

TRT
TNT

EGER JsLsMe KT HSIZET, SEACK
EGER LMAX,LMIN-MANsMIN, JSET1, JSETS

REAL HMIN

LG

ICAL TSW

ROUTINE START FOINT

TEST TO SEE IF INITIALISING ENTRY T¢ CLUST3
IF (SWITCH)Y GO To 3

INITIALTISE THE TARLEES AMD VARIABLES
JPACK=KDAT +1

D3 1 J=t,K5I7E

KLINKC( =0

HHEAD( Y=g

CONT INUE

DO 2.J=1.HDAT

MAXMIN{I) =3+ JPACK+.)

CONTINUE

KNUM=KSTZE
SWITCU=.TRUE-

c
G - TEST TO SEE [F TQ REJECT THE APPLICATION ‘FOR A CLUSTER

3 IF

[ 1

(KNUM.GT-2) BO TO 4

THERE ARE ONLY TW0 SETS TO COALESCE. WE CAN ONLY

[ GET THE SET OF ALL OBJECTS, SQ GIVE UP
SWITCH*.FALSE
RETURN

t 5

[ SCAN FOR THE ABSOLUTE MINIMUM INTER-SET DISTANCE

C

[

<

c
C

€

4 ToW=«THYEs
FUN DOWN THE CLUSTER TARLE
KEIZET=KSIZE-L

Do
IF

7 JU=1,KSIZET
(HHEAD{J2 «EQD} GO TD 7

GAT AN EXISTING CLUSTER i
15 THERE & HIGHER NUMEERED ONE TQOD
Legsy

Do
1F

6 M=LsKS1ZE
(KHEADEMI«Ed.0) GO TO &

GOT A PaIHs GET THE LINK POINTERS
HT=LOCNSJ-H)
CALL, UNPAK (LMAX:LMIN, MAXMINCKT ¥ » JPACKY

IF
1F
IF
IF

ITS THE FIRST PaIRs ACCEFT THE DISTANCES

{T5W) GO TOQ 5

THE MIN DISTANCE IS5 LESS THAN THE PRESUMED MIM.
{TAELE(LMIN).GE.RMINY GO TO &

KEEF INFORMATION pROUT THIS PAIE
5 TSwe.FALSE.

JSET

JBET2=M
REINeTABLE(LKINY
DIAM=TADLECLMAN}
6 CONTINUE
T CONTINUE

WOW HAVE THE CLOSEST PATR OF CLUSTERE. AND THEIR

DIAMETER AS A JOINT CLUSTER

KEEF THE MaX AND wIN ¢F THE PALR DISTANCES
TEW=aTHUE
RBUYN THREOUGY ALL CLUSTEES, EXCEFT THE TWd SETS FOUND

9 J=1sHEIAR
CRHEADC I «EQw0)y GO TO @
AU EL e JRETI2-0R (JLECJSET2YY GO TO 5

JGET LOCATIONG OF DISTANCES KELEVANT
L=LOCNCJ» JEET 1Y
M=LOLH ¢ Js JEETE)Y
CALL UMEARCLMAX, LMIN,MAXMIN{LY, JPACK)
CALL UNPAK{MAN, MIN,MAXMINCMY - JITACKY

P THE LARGEST nND SMpLLEST D1STANCE
(TARLECLMAY}«LT.TARLECMAX) ) LMAX=MAX
{TAPLE(LMINY « GT«TARLECMINY ) LMIN=KIN

MINEL I SLMAX® JPACH+LMIN

FIHET Pa%% KEER AS ABSOLUTE wIn

[TEW) GO TU 7

THIS DISTANCE LESS THAN PRESUMED ABSOLUTE MIN
¢VABLE(LMIN} .GE.RMIN) GO TG 9

N=TARLErLMIND

=«FALSE-

TINUE

WE HAVFE ALL THE BISTANCES FON JSET1 CORRRCT

N UP ALl THE CLUSTERS

TAHE IT

AND STHULTANEQUSLY STANT BUILDING UP THE OUTPUT VECTOR

EWITCH & WE
SET REFOKE FIKST CaLL TO +FALSE., THE ROUTINE THEN c
SETE IT -TRUE. AND [T MUST RETAIN THIS VALUE UNTIL THE '
ROUTINE ITSFLF S$FTS IT +FALSE. REFORE ~RETUHRN-TING. '
TUTS STGNIFIES TYAT NO MOFE CLUSTERS CAN BE FOUND.
AND THAT THE CUTPUT KRESULTES ARE UNDEFINED c
oo
OUTPUT "VARTARLES IF
=5ET RY CLUST3%- ¥
-UNDEFTHED AT EXThY= C
=¥AY LE FFFFLY alLTERED-
HOUT
VECTON OF LENGTH -KSIZE- CONTAINING A SORTED LIST OF
=KLENG= OPJKCTS FORMING & CLUSTERs THE CONTENTS BEYOND
HOUTCKLENG) nkk NOT UEFINED ¢ KEE
HLEMG 1¥
HUKSER: OF DHJECTS IN IHE CLUSTER IF
braw 7t
THE DIAMETEE OF THE CLUSTER (MAXEMUM TNTHA-CLUSTEL C oot
LIETANCE) IF
ELACE . c 1S
THE SFEPARATIUN LPACE (DISTANCE FROM THIS CLUSTER TO IF
ITS NEAREST NEIGYBOURY & RNT
; TS
WORKING WARIARLES 9 COn
-SkT BY LLUST3- C naw
~UNDEFINED AT FIRET ENTRY- C
=THEY MUST ¥MO0T BE ALTERED GNTIL -SWITCH- BECOMES «FaLSE. - c Joi
WNUK I
THE NUMBFh GF SETS A4S YET UNCOALESCED L=K
KL IMH J=1
WORK VECTON OF LENGTH MEIZE, HOLDS LINKED OFJECT Kuw
THFORMATEON . c REUN

HEAOCJSET 3

Tony=L
ALONG THE LINHE

iy MeRLINHCL)Y

IF
o=
Hou
L=
Go
NOW
11 HL1
KHE
wuu

fMaER Y GO TO 11
+1
Tdy=H

Ta 10

JOIM ON SET @ BY THE LINK
WH (L) =HHEAD{JSET2Y
ADCJSET 23 =0)

MEHNUM- T

THIS IS THE FAHLIEST POINT THAT WE CAN CHECK FOE THE

COR
1F
GET

KECTHEES DF THE CLUSTER CONLITION
{RMINJLE.DTAM) GO TD 3
THEW THE REST OF THE QFJECTS [NTO OQUTPUT

12 M=HLINK(L}

1
J=d
Hou
L=n
GO

(MeEQ) G0 10 13
+1
T{da=M

TQ 12
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13 KLENG

Doono

caca

anaan

WE NOW HAVE n LLUSTKER. FINISH OFF

CaLl RTCKOUT.LI:
SPACE=lkMTN

RETURN

END

SUBROUTINE SORT(XOUT,KLENG) .
INTEGER KLENG.HOUT(KLENG)

VHIZ KOUTINE S0RTS THF VEGTGR -MOUT- INTO ASCENDING ORDER
ELEMENTS HOUTCHY TO MOUTIKLENG) ARE AFFECTED.
A SIMPLE DUBRLE SORT TS USED.

INTEGER JaJLa®
H=KLENG

k=K-1

IF (KaLEafly BETUIN
DU 2 J=1,¥

TF (KOUT(JY-LE«KOUT(J+13) GO TQ 2
J1=HAUT ¢Sy
HOUT(J)=KQUT ¢ 13
HOUTC g+ 1) =01

CONT INUE

GO 70 1

END

INTEGEE FUNCTION LOCNCJ,M)
INTEGET JaK

LOCH RETURNS THE LOCATION OF THE (J.K) ELEMENT IN THE
TRIANGULAR ARAAY STORED 1IN MAXMIN AND TABLE

IF (J.GT-X> GO TO ]
LOCH=((K=12%CK-23 )/ 8+
RETURN 5

LOCN= Ced~10%C =2 3/ 84K
RETURN

END

SUBROUTINE UNFAK (K, L. JPACKY
INTEGER JrksLy JPACK

ROUTINE TO UNPACH TWO INTEGERS FROM ONE.
J AND K COME FROM L.
JPACK DETERMINES THE PACHKING FUNCTION.

J=L/ JPACK
H=L-J*JPACK
RETURN

END
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