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This paper has been left in plain text formfor anyone who wants to copy
the rul es out as program comment.

\...\ denotes italicisation; {...} denotes superscripting

An algorithm for suffix stripping

M F. Porter
1980

Originally published in \Program, \14\ no. 3, pp 130-137, July 1980. (A
few typos have been corrected.)

1. | NTRODUCTI ON

Renmovi ng suffixes by automatic means is an operation which is especially
useful in the field of information retrieval. In a typical IR environnent,
one has a collection of docunents, each described by the words in the
docunent title and possibly by words in the docunent abstract. lgnoring the
i ssue of precisely where the words originate, we can say that a docunent is
represented by a vetor of words, or \terns\. Ternms with a common stem will
usual Iy have simlar neanings, for exanple

CONNECT
CONNECTED
CONNECTI NG
CONNECTI ON
CONNECTI ONS

Frequently, the performance of an IR systemwi |l be inproved if term groups
such as this are conflated into a single term This may be done by renpva
of the various suffixes -ED, -ING -10ON, IONS to |l eave the single term
CONNECT. In addition, the suffix stripping process will reduce the tota
nurmber of terms in the IR system and hence reduce the size and conplexity
of the data in the system which is always advantageous

Many strategies for suffix stripping have been reported in the
literature.{(e.g. 1-6)} The nature of the task will vary considerably
dependi ng on whether a stemdictionary is being used, whether a suffix

list is being used, and of course on the purpose for which the suffix
stripping is being done. Assumi ng that one is not making use of a stem
dictionary, and that the purpose of the task is to inmprove IR perfornmance
the suffix stripping programw || usually be given an explicit list of
suffixes, and, with each suffix, the criterion under which it may be renopved
froma word to leave a valid stem This is the approach adopted here. The
main nerits of the present programare that it is small (less than 400 |ines
of BCPL), fast (it will process a vocabulary of 10,000 different words in
about 8.1 seconds on the |IBM 370/165 at Canbridge University), and
reasonably sinple. At any rate, it is sinple enough to be described in ful
as an algorithmin this paper. (The present version in BCPL is freely
available fromthe author. BCPL is itself available on a wi de range of

di fferent conputers, but anyone wi shing to use the program shoul d have
little difficulty in coding it up in other programm ng | anguages.) G ven the
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speed of the program it would be quite realistic to apply it to every word
in alarge file of continuous text, although for historical reasons we have
found it convenient to apply it only to relatively small vocabulary lists
derived from continuous text files.

In any suffix stripping programfor IR work, two points nmust be borne in
mnd. Firstly, the suffixes are being renoved sinply to inprove IR
performance, and not as a linguistic exercise. This means that it would not
be at all obvious under what circumstances a suffix should be renoved, even
if we could exactly determine the suffixes of a word by automatic neans

Perhaps the best criterion for renoving suffixes fromtwo words W and W2 to
produce a single stemsS, is to say that we do so if there appears to be no
di fference between the two statements “a document is about W' and "a
docunent is about W2'. So if WL="CONNECTI ON' and W2="CONNECTIONS' it seems
very reasonable to conflate themto a single stem But if W= RELATE' and
We="RELATIVITY' it seems perhaps unreasonable, especially if the document
collection is concerned with theoretical physics. (It should perhaps be
added that RELATE and RELATIVITY \are\ conflated together in the algorithm
described here.) Between these two extremes there is a continuum of
different cases, and given two terms WL and W2, there will be sone variation
in opinion as to whether they should be conflated, just as there is with
deciding the rel evance of some docunent to a query. The evaluation of the
worth of a suffix stripping systemis correspondingly difficult.

The second point is that with the approach adopted here, i.e. the use of a
suffix list with various rules, the success rate for the suffix stripping
will be significantly less than 100%irrespective of how the process is

eval uated. For exanple, if SAND and SANDER get confl ated, so nobst probably
will WAND and WANDER. The error here is that the -ER of WANDER has been
treated as a suffix when in fact it is part of the stem Equally, a suffix
may conpletely alter the meaning of a word, in which case its renmoval is
unhel pful . PROBE and PROBATE for exanple, have quite distinct neanings in
modern English. (In fact these would not be conflated in our present

al gorithm) There comes a stage in the devel opment of a suffix stripping
program where the addition of nore rules to increase the performance in one
area of the vocabul ary causes an equal degradation of performance el sewhere
Unl ess this phenonenon is noticed in time, it is very easy for the program
to becone nmuch nore conplex than is really necessary. It is also easy to
gi ve undue enphasis to cases which appear to be inportant, but which turn ut
to be rather rare. For exanple, cases in which the root of a word changes
with the addition of a suffix, as in DECEI VE/ DECEPTI ON, RESUME/ RESUMPTI ON

I NDEX/ | NDI CES occur nuch nore rarely in real vocabul aries than one m ght at
first suppose. In view of the error rate that nust in any case be expected
it did not seemworthwhile to try and cope with these cases

It is not obvious that the sinplicity of the present programis any denerit.
In a test on the well-known Cranfield 200 collection{7} it gave an

i mprovement in retrieval performance when conpared with a very nuch nore

el aborate program which has been in use in IR research in Canbridge since
1971{(2,6)}. The test was done as follows: the words of the titles and
abstracts in the documents were passed through the earlier suffix stripping
system and the resultis stens were used to index the documents. The words
of the queries were reduced to stems in the same way, and the documents were
ranked for each query using term coordination matchi ng of query agai nst
docunent. From these rankings, recall and precision values were obtained
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using the standard recall cutoff method. The entire process was then
repeated using the suffix stripping systemdescribed in this paper, and the
results were as follows:

earlier system present system
precision recall precision recal

0 57.24 0 58. 60

10 56. 85 10 58.13
20 52.85 20 53.92
30 42.61 30 43.51
40 42.20 40 39.39
50 39. 06 50 38.85
60 32.86 60 33.18
70 31.64 70 31.19
80 27.15 80 27.52
90 24.59 90 25.85
100 24.59 100 25.85

Cleary, the performance is not very different. The inportant point is that
the earlier, nore el aborate systemcertainly performs no better than the
present, sinple system

(This test was done by prof. C.J. van Rijsbergen.)

2. THE ALGORI THM

To present the suffix stripping algorithmin its entirety we will need a few
difinitions.

A \consonant\ in a word is a letter other than A, E, |, Oor U, and other
than Y preceded by a consonant. (The fact that the term “consonant' is
defined to sonme extent in terns of itself does not make it anbiguous.) So in
TOY the consonants are T and Y, and in SYZYGY they are S, Z and G If a
letter is not a consonant it is a \vowel\.

A consonant will be denoted by c, a vowel by v. Alist ccc... of length
greater than O will be denoted by C, and a list vvv... of length greater
than O will be denoted by V. Any word, or part of a word, therefore has one

of the four forms:

cwv ... C
cvwev ... Vv
vevCc ... C
VvVCvC ... V

These may all be represented by the single form
[gvcve ... [V]

where the square brackets denote arbitrary presence of their contents
Using (VO {n} to denote VC repeated mtines, this nay again be witten as

[avo{mrv.

mw Il be called the \measure\ of any word or word part when represented in

http://tartarus.org/~martin/Porter Stemmer/def .txt

5/10/2007 1:28 AM



http://tartarus.org/~martin/Porter Stemmer/def .txt

this form The case m= 0 covers the null word. Here are some exanpl es:
m=0 TR, EE, TREE, Y, BY.
m=1 TROUBLE, OATS, TREES, 1 VY.
m=2 TROUBLES, PRI VATE, OATEN, ORRERY.
The \rules\ for removing a suffix will be given in the form
(condition) S1 -> S2
This means that if a word ends with the suffix S1, and the stem before S1
satisfies the given condition, S1 is replaced by S2. The condition is
usually given in terms of m e.g.
(m> 1) EMENT ->

Here S1 is "EMENT' and S2 is null. This would map REPLACEMENT to REPLAC,
since REPLAC is a word part for which m= 2.

The “condition' part may also contain the follow ng:
*S - the stemends with S (and similarly for the other letters).

*v* - the stemcontains a vowel.

*d - the stemends with a double consonant (e.g. -TT, -SS).
*o - the stemends cvc, where the second ¢ is not W X or Y (e.g.
-WL, -HOP).

And the condition part may al so contain expressions with \and\, \or\ and
\not\, so that

(m>1 and (*S or *T))
tests for a stemwith nrl ending in Sor T, while
(*d and not (*L or *S or *Z))

tests for a stem ending witha double consonant other than L, S or Z
El aborate conditions like this are required only rarely.

In a set of rules witten beneath each other, only one is obeyed, and this
will be the one with the |ongest matching S1 for the given word. For
exanple, with

SSES -> SS
IES -> 1
SS -> SS
S ->

(here the conditions are all null) CARESSES maps to CARESS since SSES is
the |l ongest match for S1. Equally CARESS maps to CARESS (S1="SS') and CARES
to CARE (S1="S').

In the rules bel ow, exanples of their application, successful or otherw se,
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are given on the right in |ower case.

Step la
SSES -> SS
IES ->
SS ->SS
S ->
Step 1b

(n0) EED -> EE
(*v*) ED ->

(*v*) ING ->

If the second or third of the rules in Step 1b is successful

is done
AT -> ATE
BL -> BLE
1Z -> | ZE

(*d and not (*L or *S or *Z))
-> single letter

(mFl and *o) -> E

The rule to map to a single letter c
letter pair. The -E is put back on -
-ATE, -BLE and -1ZE can be recognise
4
Step 1c

(*v*) Y ->
Step 1 deals with plurals and past p
much nore straightforward

Step 2

(mp0) ATIONAL -> ATE
(mp0) TIONAL -> TION

(m>0) ENCI -> ENCE
(m>0) ANCI -> ANCE
(m>0) IZER  -> |ZE

The algorithmn

caresses ->
poni es ->
ties ->
caress ->
cats ->
feed ->
agreed ->
pl astered ->
bl ed ->
motoring ->
sing ->

conflat(ed) ->
troubl (ed) ->
si z(ed) ->
hopp(i ng) ->
tann(ed) ->
fall(ing) ->
hi ss(ing) ->
fizz(ed) ->
fail (ing) ->
fil(ing) ->

auses the renpva
AT, -BL and -1Z

happy ->
sky ->

articiples. The subsequent steps are

rel ati onal ->
condi tional ->
rational ->
val enci ->
hesi t anci ->
digitizer ->

ow foll ows:

caress
poni

t
caress
cat

feed
agr ee
pl aster
bl ed
not or
sing

confl ate
trouble
si ze

hop
tan
fall
hi ss
fizz
fail
file

of one of the double
so that the suffixes
d later. This E nay be renmoved in step

happi
sky

relate
condition
rationa
val ence
hesi tance
digitize

the follow ng
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(n>0)
(n>0)
(n>0)
(n>0)
(n>0)
(n>0)
(n>0)
(n>0)
(n>0)
(n>0)
(n>0)
(n>0)
(n>0)
(n>0)
(n>0)

The test for the string S1 can be made fast by doing a
of the word being tested. This gives a fairly even
breakdown of the possible values of the string S1
that the Sl-strings in step 2 are presented here in the al phabetica
Simlar techniques may be applied in the other

the penultimate letter

ABLI ->
ALLI ->
ENTLI ->
ELI ->
QUSLI - >
I ZATION - >
ATI ON ->
ATOR ->
ALl SM ->
| VENESS - >
FULNESS - >
OUSNESS - >
ALI TI ->
I VITI ->
BI LI TI ->

penultimate letter

of their

st eps.

Step 3
(n»0) | CATE ->
(nm>0) ATIVE ->
(m>0) ALI ZE ->
(mrp0) ICITI ->
(m>0) ICAL ->
(m>0) FUL ->
(m>0) NESS ->

Step 4
(m1) AL ->
(m>1) ANCE ->
(nm>1) ENCE ->
(ml) ER ->
(1) IC ->
(n>1l) ABLE ->
(nm>1l) IBLE ->
(m>1) ANT ->
(nm>1) EMENT ->
(m>1) MENT ->
(m>1) ENT ->
(el and (*S or
(nmrrl) OU ->
(mel) ISM ->
(nm>1l) ATE ->
(nmel) ITI ->
(nmrl) OQUS ->
(nml) IVE  ->
(nmel) 1ZE  ->

The suffixes are now renoved. Al

ABLE
AL
ENT
E
Qous
| ZE
ATE
ATE
AL

I VE
FUL
Qous
AL

I VE
BLE

IC

AL

IC

*T)) ION ->

t hat

conf or mabl i ->
radi cal li ->
differentli ->
vileli - >
anal ogousl i ->
vi et nam zation ->
predication ->
oper at or ->
feudalism ->
deci si veness ->
hopef ul ness ->
cal | ousness ->
formaliti - >
sensitiviti - >
sensibiliti - >

triplicate ->
formative ->
formalize ->
electriciti ->
el ectrical ->
hopef ul ->
goodness ->
revival - >
al | owance ->
inference ->
airliner - >
gyroscopic ->
adj ust abl e ->
defensible ->
irritant ->
repl acenment ->
adj ust ment ->
dependent ->
adopti on ->
honol ogou ->
conmuni sm ->
activate ->
angul ariti ->
honol ogous ->
effective ->
bowdl eri ze ->

It will

conf or mabl e
radi ca

di fferent
vile

anal ogous
vi et nam ze
predicate
oper ate
feuda

deci sive
hopef ul
cal |l ous
fornmal
sensitive
sensi bl e

program switch on

triplic
form
fornmal
electric
electric
hope
good

reviv
al | ow
infer
airlin
gyroscop
adj ust
def ens
irrit
repl ac
adj ust
depend
adopt
honol og
conmun
activ
angul ar
honol og
ef fect
bowdl er

remains is a little tidying up

be seen in fact
or der
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Step b5a
(mrl) E -> probate -> probat
rate -> rate
(m=1 and not *o) E -> cease -> ceas
Step 5b
(m> 1 and *d and *L) -> single letter
controll -> contro
roll -> rol

The algorithmis careful not to renmove a suffix when the stemis too short,
the length of the stembeing given by its measure, m There is no linguistic
basis for this approach. It was nmerely observed that m could be used quite
effectively to help decide whether or not it was wise to take off a suffix
For exanple, in the following two lists

list A list B
RELATE DERI VATE
PROBATE ACTI VATE
CONFLATE DEMONSTRATE
Pl RATE NECESSI TATE
PRELATE RENOVATE

-ATE is renmoved fromthe list B words, but not fromthe list A words. This
means that the pairs DERI VATE/ DERI VE, ACTI VATE/ ACTI VE, DEMONSTRATE/ DEMONS-
TRABLE, NECESSI TATE/ NECESSI TOUS, will conflate together. The fact that no
attenpt is made to identify prefixes can make the results | ook rather
inconsi stent. Thus PRELATE does not |ose the -ATE, but ARCHPRELATE becones
ARCHPREL. In practice this does not matter too nuch, because the presence of
the prefix decreases the probability of an erroneous conflation

Compl ex suffixes are renmoved bit by bit in the different steps. Thus
GENERALI ZATIONS is stripped to GENERALI ZATION (Step 1), then to GENERALI ZE
(Step 2), then to GENERAL (Step 3), and then to GENER (Step 4). OSCl LLATORS
is stripped to OSCILLATOR (Step 1), then to OSCILLATE (Step 2), then to
OSCILL (Step 4), and then to OSCIL (Step 5). In a vocabulary of 10,000
words, the reduction in size of the stemwas distributed anong the steps as
follows:

Suffix stripping of a vocabulary of 10,000 words

Nunmber of words reduced in step

1
2
" 3: 327
4: 2424
5: 1373
Nunber of words not reduced: 3650

The resulting vocabul ary of stems contained 6370 distinct entries. Thus the
suf fix stripping process reduced the size of the vocabulary by about one
third

http://tartarus.org/~martin/Porter Stemmer/def .txt

5/10/2007 1:28 AM



http://tartarus.org/~martin/Porter Stemmer/def .txt

REFERENCI ES

1. LOVINS, J.B. Developnent of a Stenm ng Al gorithm \Mechani cal
Transl ati on and conputation Linguistics\. \11\ (1) March 1968 pp 23-31.

2. ANDREWS, K. The Devel opment of a Fast Conflation Algorithmfor English.
\Di ssertation for the Diploma in Conputer Science\, Conputer
Laboratory, University of Canbridge, 1971.

3. PETRARCA, A.E. and LAY WM Use of an automatically generated authority
list to elimnate scattering caused by some singular and plural main
index terms. \Proceedings of the American Society for Information
Sci ence\, \6\ 1969 pp 277-282.

4, DATTOLA, Robert T. \FIRST: Flexible Information Retrieval System for
Text\. Webster N.Y: Xerox Corporation, 12 Dec 1975.

5. COLOMBO, D.S. and NIEHOFF R T. \Final report on inproved access to
scientific and technical information through automated vocabul ary
switching.\ NSF Grant No. SIS75-12924 to the National Science
Foundati on.

6. DAWSON, J.L. Suffix Renoval and Word Conflation. \ALLC Bulletin\,
M chael mas 1974 p. 33-46.

7. CLEVERDON, C.W, MLLS J. and KEEN M \Factors Determ ning the

Performance of |ndexing Systems\ 2 vols. College of Aeronautics,
Cranfield 1966.

8of 8 5/10/2007 1:28 AM



