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SUMMARY

This paper describes a pattern rnatching system which has been implemented as a set of

libraiy procedures. The systern provides a coacise and consistent method of pattern

J"n"iii." and facilities for defining context sensitive pattern rnatching, defining repetitive

fatterns and defining alternatives. ihe operations available to the user allow him to identify

if a substring matchis a pattern' to extract that substring, to replace that substring and to

associateanamewiththatsubstf ing.Thesystemhasapplicationsininforrnationretr ieval '
text manipulat ion and language processinS.

I ' a t te rn  rn r rch inL  ( lon t t \ r  s .ns i ( i \e  S  ! lLo l

I \1 'RODUC-I ' ION

Pitttern ntatching sl.stems have been used in some form or an()ther in colltext editors,

translators, text analvsis progrI:tms and artif icial intell igence research A pattern

match ing  s )s tem cons is ts  o f  a  p rogram or  se t  o f  p rograms prov id ing  fac i l i t i es  f i r r

defining paiterns rvhich sy'ntacticall '  specifl the n.rembers of a set .f strings. 
' l 'he

svs tem a iso  prov ides  assoc ia ted  opera t ions  uh ich  a l lo* .s t r ings  to  be  se lec ted  and

manipulated if the]' match the spccified pattern thNt is if thel' satisfl '  the svntactic

specihcation.
'I 'he notion of pattern matching is not ne\\ . As earll as I 961 , the language I PL-\'r

included ,orr.r" putt"r,t matching facil i t ies and a number of other languages developed

sir.rce then have refined the concept. 
' fhe most u idelv used pattern matching language

is SNOBOL.t, $ hich has extensive partern nratching facil i t ies, the po\\ 'er of u hich has

oromote.l a gr)od deal of research into patterl l matching at both a practical and a

i1 , . " .5 " . , ,1  tJ . t . .  
"  The mt rs t  recent  l .nguage de 'e6pments  inc lude SL5 i  *h ich

exoarnded the  pa t te rn  match ing  fac i l i t i es  o f  S \OBOL+ and prov ided good cont ro l

. t . r . tu r . . ,  nn i  lC  ON*  r r  h ieh  ac lop ts  a  r ]es  approach to  pa t te rn  match ing  lCO\

does no t  hnve exp l i c i t  pa t te rns  bu t  has  ex tendec l  s t r ing  process ing  capab i l i t ies  *h ich

a l lou  pa t te rn  match ing  opera t ions  to  be  eas i l f  imp lemented

Apart fr,,m programming languages specificall-v designed for pxttern matching

()peratlons, some patrern marching facil i t ies have been pror ided in languages designed

for arti l lcial intell igence researche and pattern matchers rvhich use regular expressions

to  de f ine  pa t te rns  have becn imp lemented b l  Aho and o thers lo  and R icharc ls l r '
' l ' he  s f  i tem $h ich  $e  have in . rp lemented has  advantages  ovcr  somc ( ' thc r  \ \ s tems

in , rs r r r . , ch  as  i t  a lk t t rs  contex t  sens i t i ve  pa t tc rn  match ing  and permi ts  pa t te rns  to  be

t rca ted  as  da ta  ob jec ts .  
' l ' h is  has  the  ad lan tage th ' r t  pa t te r r l s  mr \  l \ t  inpu t  "u tpu t '

nassecl as parameters to proceclurcs and returr-red as futrction values. 
' l 'he s) stem Nlso
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pro'' icles ir c.ncist' ancl consistent metlrrcl of pattern definit ion :rnd thc implementati ' .
techn ique ch .sen i r - r ' . ] ' cs  n .  o 'e rhead *  ha ts re 'e r  f . r  thc  language user  'h .  c loes  no t
necd pn t tcn t  match ing .

' l ' he  pa t te rn  na tch ing  s 's tcm is  imp lemented as  a  se t  o f  l ib ra r '  p rocedures  r 'h ich
are  access ib lc  f rom a  progr rmming language ca l lec l  S-a lgo l12 .  The s r .s tem r r : rs
imp lernented  in  th is  u  a '  bccause *  e  needed p . t te r '  match ing  capab i r i t ies  in tegra ted
l r i th  our  cx is t ing  so f t la re  use  o f  a  spec ia l  pa t te rn  match ing  la r rgu l rge  l . r "
i r rposs ib le .

- \  mqor  des ign  dec is ion  in  an)  pa t te rn  match ing  s 's tem concerns  the  meth 'd . f
de f i ' i ng  p i r t te rns .  SNOB()1 ,  uscs  spec ia l  bu i l t  i r . r  pa t te rn  names and opera t ions  \ . \ .h ich
construct patterns and a p.ssible approach is t. pro'ide operations rike these as ribrarr.
p r .cedures .  Ho*e 'e r ,  such an  imp lcmenta t ion  makes i t  d i f l i cu l t  to  re tu rn  pa t te rns : rs
l.rrocedure results and to pro\ ide facil i t ies for the input ar.rd output of patter.s. It can
also bec'me 'er' r 'erb.se ar-rd i ' t.rduce man\'re\\ ke'rvords for the user to learn.
Th is  we w ished to  a r 'o id .

Accord ing l r ' ,  n 'e  dec ided tha t  pa t te rns  sourd  be  de f ined as  s t r ings  u i th  some
characters hnving a special meaning in certain contexts. For example, the pattern:

JohnF3limith

matchcs the character string ]olra, follou cd br, :rn-v three chirracters, fbllowed bv
. S l r r 1 l r .  l h c  p r r  t t  r r r  r :

( ? 10) o,,. i1rsteri

matches the chirracters in a string up to the 1Oth character and associates the name
T5rstler' rr ith this substring.

' l 'he 
user of our svstem defines a pattern as a string and passes that string to a

pat te rn  bu i ld ing  procedure  $h ich  re tu rns  a  po in te r  to  a  da ta  s t ruc tu re  represent ing
that pattern. 'Ihe 

user need not kno$ the form of this structure the pointer is
effecti 'el1' the 'value' of the pattern. 'I 'he 

procedures * hich perform pattern matching
( )pera t ions  a l l  accept  th is  pa t te rn  ' r 'a lue '  as  a  parameter .

In the remainder of this paper \\ 'e present a ,top-do*.n' 
descriptio. of our oattern

match ing  s 's tem.  F- i rs t l -v ,  the .pera t i .ns  a 'a i lab le  to  the  sys tem user  i r rc  dcscr ibed and
th is  i s  fb l losed bv  a  number  o f  tsampl .s  i J lus t r r r ing  thc  porver  o f  the  s1 .s tem.  These
examples  c .ns is t ' f  shor t  S-a lgo l  p rograms and i l lus t ra te  pa t te rn  de f in i t ions  and ca l l s
to interface procedures. ' l 'his 

is follo*ed bv a full description of the pattern definit ion
me chanism. 'I 'his 

describes the basic pattern elements and horv these elements can be
combined t. form more complex patterns. \\,e also describe a no'el feature .f our
slstem $hich cor.rstrains pattern nlatching to certain contexts and then qo on to
describe s)'stem extensions *hich allo* repetit i 'e patterns to he specified, *,hieh allo.,
names to be associated * ith parts of the pattern and * hich alrou a pattern <lerimiter
rather than an explicit patrern to be declared. The linal section summarizes the most
importar.rt aspects of the pattern matching system and makes a brief
assessment Of the rlrtrk rve have done.

. I 'HE USER IN' I ' I ]RFACE
Clearlv, the user interface to a pattern matching sr.stem is made up of trvo parts:

( l )  1 - h e  p a t t c r n  m r r t ( h i n q , ' p e r r l i { ) n s .
(2) 'fhe 

pattern deflnit ion mechanism.
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I i ve r )  p r t te rn  r .na tch  invo lves  app l -v ing  a  sab lec t  to  an  ob jec t . In  our  svs tem,  bo th  the
subject and thc object are of t1'pe string but the sub.ject string is interpreted bv the
pattem matching slstem as defining a pattern and the s1'stem attempts to find an
occurrence of this pattern in the object string. .{ssociated rvith the object string is an
integer pointer called a rrrrsr.,r * hose lalue indexes some charircter in the object string.
' l 'he 

cursor has a minimum lalue of I and a maximum value of rpo.r \\ 'here /po-r is
delined as length(rb.iect) + 1 . When the cursor has the value /po.r, it is said to inde\ the
spec ia l  unpr in tab le  charac ter  'end  oJ  s t r ing ' .

In this sectiorr *e describe the operations alailable to the user of the pattern
matching s)'stem. Follo$ ing sections prolide examples shorving how the systen mav
be used and a  dcscr ip t ion  o f  the  pa t te rn  de f in i t ion  mechan ism.

The most  impor tan t  opera t ions  u 'h ich  must  be  prov ided in  an l  s l  s tem are :
(1 )  S imp le  pa t te rn  match ing .
(2 )  Rep lacement  o f  a  matched subs t r ing  l  i th  some o ther  s t r ing .
(3) Ider.rt if ication of the position in the object and the length of a matched

subst r rng .
(.1) A means of accessing the substrings associated uith user defined names.

Our pattern matching sl stem provides these operations and some extensions to them
by means of a set of l ibrarv procedures. Because le dislike s-ystems which depend on
side ef}'ects, most of our l ibrarl procedures return a structure rather than a single
vnlue. ln all cases, the first element of that structure indicates the result of the pattern
match but the remaining elements depend on the particular operation implemented.

In the notation belos , the function name is specified follorr ed bv a description of its
parameters. 'fhe 

arro* --+ means 'returns', and this is follorved bv a description of the
structure returned b1'each function. As S-algol pointers mav be associated lvith anl'
s l r u (  l u r r ,  n o  s l r u ( l u r e  n a m e  i s  n e c e s s a r l  t o  d e f i n e  p o i n t e r s .

The procedurcs available to the user are:

bui I d.putt er n(st ri nE s) --+ poi n ter
' l 'his procedure must be cdlled to convert the string representation of the pattern to an
in te rna l  representa t ion .  I t  parses  the  s t r ing  and bu i lds  a  l inked l i s t  represent ing  the
pattern. 'I 'he 

s,vstem returns a pointer to this representation but the user need never
concern himself rvith its detailed structure.

match.pattern(pointer subject;string obje(t) --+ bool
'[ 'his procedure simpll indicates uhether a substring matching the subject exists in
the object. \otice that the subject should be the pointer returned by the build.pattern
function and the object should be a simple string not a pattern. The object string and
the subject pattern are compared. If the subject matches the object, match.fatteln
returns ' l l&e', otherrrise /al.se 

'

mat.'h.?att?rn.dnd.assign(pointer suhject;string object) - bctctL,poin!,r

.A.s described later, the user ma,v associate names rvith parts of a defined pattern using
an assignment specifier. If a match succeeds, these names are associated rvith those
substrings in the object string uhich match the parts of the pattern. This procedure
not onll determines the result of the pattern match, it also associates the appropriate
substrings \\ ith the names defined bl the user. The result of the match is returned
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a long u  i th  a  po in te r  to  a  s t ruc tu re  ho ld ing  the  names and match ing  subs t r ings .  ' l ' he

user  need no t  concern  h imse l f  r r  i th  the  de ta i l s  o f  th is  s t rucrure .

lookup(pointer nonestructurelstl ing nante) --+ string
'l 'his procedure is used to find out rrhat substring is associated uith a user defined
nzrme. It takes the pointer to the data structure holding the name information returned
bt rnatch.patter .and.assign and the name delined in the pattern specification. It
re tu rns  the  subs t r ing  ( i f  an1)  assoc ia ted  r l i th  tha t  name.

Ioohup.posi t ion(poittter namestructure;string name) + integer,integer
'I 'his procedure has parameters as above trut instead of returning the string associated
rvith the given namc, lookup.position returns the position of that string in the object
and i t s  leng th .

r e p l a c e(po i n t e r sub.i e L' t ; s t r i ng obj e( t,r ( p l a rc me t) --+ hoo l ; 1 yi ng
' I 'he  in ten t ion  o f  th is  p rocedurc  i s  t , '  r rea tc  a  ner r  s t r ing  cons is t ing  o f  the  or ig ina l
object but $ith that part of the object matching the patteflr replaced bv another, user
spec ihed,  s t r ing .  I t  per fo rms a  pa t te rn  match  opera t ion  and re tu rns  i t s  resu l t .  I f  the
match is successful, it NIso returns a string rrhere the object substring matching the
sub jec t  i s  rep laced b1  the  spec i f ied  rep lacement  s t r ing .  I f  the  match  fa i l s ,  the  s t r ing
returned is the original object

extre(t(foint?.r subjett;string objet t ) -lnol ,string
'l 'his procedure extracts the substring in the object string u hich matches a specil ied
pattern. It performs a pattcrn n.ratch and returns its result. lf the match succeeds it
a lso  re tu rns  the  ob jec t  subs t r ing  u  h ic l . r  matches  the  sub jec t .

patter .posil ion(pointer suhjert;string objett) - brtrt l , iut eger ,integer

Th is  p rocedure  is  l i ke  ex t rac t  abovc  except  tha t  ra the l  than re tu rn  the  match ing
subs t r ing ,  pa l le rn .pos i t ion  re tu rns  i t s  pos i t ion  in  the  ob jec t  and i t s  leng th .

-\ full description of thc ir.rterf:rce procedures and the structures returned bv thest
procedures  is  ava i lab le  in  the  s ls tem re fe rence manua l . r l

I.]XAN'IPI-F]S

In this scction \\ 'e present a r.rumber of example programs il lustrating the pou,er of the
pattern matching svstem. ' l 'he 

mechanism of these examples is explained bv included
comments ,  r lhere  an t ' charac tc rs  fo l lo rv ing  !  shou ld  be  read as  comment .

ple l-blank replacernent
'l'his pntgram reads recortls fron sonte input stream, replaces all
sequenL-es of one or ntctre bltuks in a reutrd u;ith a single blank
ontl writes the resulting record to some output stredm
'lhe patt.ern bluuhs is de.fined as anl stri g oJ one or
uore  b lon  ks .

Exarn
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I let introduces a name uhose tt-pe is determined
I by the type oJ the right side of the dssignment

let blanhs : build.pattern( '( 
) *" )

t prot:ess input stream ti l l  end of f i le
while - eol do

{
! get a line of input

l e t r e c . : r e a d r e c y r d
repeat

t. match pattern and leQ)lace strings
t of hlanhs

res: : replace(blanks ,r ec ," 
")

I continue matching rm same line unti l no
! tore sttedms of blanks Jound

while res(resalt) do
rec ' . :  res (newst r )

I write out transJormed line

Putrecord(rec)
I
I

Exarnple 2-selecting strings of a given length

I This procedure reads records Jrom an input stream, selects those
t rf length L and uhich elso haze a number at the beginning oJ the
I record.
I The Length of the string L is passed as an integer and
I conz,erted to a string by the procedure int.to.string,
I This length is then included in the pattern definition b1
I catenating it uith the rest of the string deJtning
I the p.tttern. The (:atenation operator is + +.
I the charetter # is used to de|ine patterns of a giz:en length
I so frn matthes strings of n or more characters

! " 
matches the null string at the beginning of the string

I and $ the null string at. the end so l"{n$! matches
L strings oJ exactlt- n characters. I:)nclosing the pattern

I in exclametion marhs ensures thot the implicit Pattern
I pointer is not moz:ed by the match.
I the pattern l0 9ll matches one ol more dilgits so the
I entire pattern mdtches strings of length n uhich start uith
I ttne or more tligits

procedure get.records(int L)
begin

I mahe up pattern 
^lfL$l(^10 

9l)+ Itf '  conxerting L to string
l e t P :
bu i td .  pa t te rn( "^ l f  '  +  +  in t . to .s t r ing( f  )  +  +"$ ! (^ [0 -91)+ ' )

521
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while - eo/ do
I
i

Itt ttt : - readrecord
if natch. pattern(P, rec) d,o

putrecorLl(rec)

end

Exarnple 3-finding keywords
I This program scans records kxthing Jor the keyword "'computer"

I in column 25. It outputs those records in which computer
I is not folloued by program or ststem ol application
I the pattern ?25 means tab 25 it moxes an implicit pointer
I to column 25 in the recrtrd
I The pottem l- (programlsysten dppticotion)l is uhat is
I termed a negotiTe clualiJier. It only succeeds if the speci|ied
I pattern fails to match. In this case, it sucteeds iJ computer
I starting in coL 25, is not folbwed by 's1-stem' 

,' .  'pr "gram'  ,  or 'appl i ra t iun '

let hel,uord :
build. patt ern(' ? 25 computerl - (progrom sy st(r lapplication)1" )
while ?ry' do
I

l e t r e c  : : r e a d r e c o t d
if match . pat tern(her-uord ,r ec) d,o

] 
,utretord(rec)

Example 4-extract and identify tokens

I This is a simple recognizer which giten some string ignores
I blanks at the beginning of the string and returns the Jirst tohen
I in the string. Tokens may be real numbers or integers, bracket
I characters or arithmetit: operdtors

procedure sc.tnner (string instr --+ string)
begin / integer is ant string uf one or more digits

let inteE?r : "(t0 
9l)+ "

rett I is in l, pcr.intcger

le t  rea l  :  in teger+  I " . "  *  * in teger

I d"l ine characters. As (antl) are special rharacters
I in tl le pottetn mat(her, the1, are pretedetl br- the
I escape character \,,

let  char :  "(  + -  l* l i  \ ) l \0"
I token is d (otlcatenotion o.f reol, integer and char.
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the.first p.ttter iu token ( )* skips tner leatl ing
blanks, t lrc ne.\t pettern rctogni:es the token ond
the operdtor ",, as.izgzs tht retoguized pattern to
nextsJ'|, l .

l e t  roA :  " (  
) * ( ' +  t i n tege r !  +  ' l ' +  + rea l+  + "1 '  +  +cha r

*  * '  )  
" , , zex1s- ! 'm '

let token : fui ld.pa ttern (toh )

uat(h pdtt?rn ond assigrt motching suhstring to
'uer ts rm '  i l  pa t te rn  na t t l rcs  successJu l l t .

le t  ze . r1  :  n le t .h .pe t te rn .a  d .oss ig r ( token, ins t r )

iJ suttessJul netrh, Eet the string notcht:cl by
nextsl 'tn ontl rt ' turn it as th( result oJ tlrc

;funttirn stlnner. Otherzcise retur the null string

if nt,.t t ( mot ched ) t}ren
kn hu p(ne x t( mat t: h Lis t),ne x t sy m)

else 
"

end

BASIC PA' I " I 'ER\  E I , I IN IE\ '1 'S

Pat te rns  are  bu i l t  ou t  o f  bas ic  pa t te rn  e lements  u  h ich  ind iv idua l l l  match  subs t r ings  in

the object pattern. ' l 'here are six basic pattem clements:
(1 )  S imp le  s t r ings  these are  s imp l ,v  s t r ing  o f  charac ters  such as . / red ,  a ;b ;c ; ,  Johr t

Smi t l .  B lanks  are  cons idered par t  o f  s imp le  s t r ings .  S imp le  s t r ings  are

de l im i ted  e i ther  bv  the  spec ia l  'end  o f  s t r ing '  charac ter  de f ined above or  b -v  one

of the special characters belou. Any' of the special characters mal be escaped

using the character'1, in rvhich case the special character is simpll considered to

be part of the string.
(2 )  eos  th is  e lement  i s  rv r i t ten( r r )  lhere  ( r i )  i s  some pos i t i ve , ' r  negr t i ve  in teger '

If (n ) is omitted 
^1 

is assumed b) the pattern matching s) stem. If (ft ) is

negative, lrpos-r) is the Value assumed b-v the sl stem. rcls matches the null

string at the cursor position specil led b1 (n). If the cursor is positioned

elservhere in the object, pos l i l l  fail to match. 
' l 'herefore^rT i l l  onl-v match if the

cursor is positioned at the beginning of the object, 
"10 

rvil l  match if the cursor is
positioned at the tenth character in the object. 

^- 
l0 uil l  match if the cursor is

positioned 10 characters from the end of the object string and 
^- 

0 *' i l l  match if

the cursor is positioned at /pos at the (\ ' irtual) 'end of string' character. 
' l 'he

spec ia l  charac ter  $  mav be  used to  ind ica te  th is  pos i t ion  ra ther  than^-0 .
(3) r-nr-'fhis element is written f (rr) u,here (rr) is some positive integer' It matches

anl string of characters of length (n). Therelbre f1 ri ' i l l  match anl single

character, f7 l i l l  match ar.r1 7 characters. l-I lN can onll '  fail i f there are ferver

than the specified number of characters bet\\ 'een the current cursor position and

tpos.
( ' t )  ren  th is  e lement  i s  l r  r i t ten  ?(z )  u  here  ( r r )  i s  an"v  pos i t i r  c  o r  ncgat i \  e  in tegcr .

It matches an1'string from the existing cursor position to the specified position

i f  the  ex is t ing  cursor  va lue  is  less  than ( r ) .  I f  (z )  i s  negat ive ,  ? ( rpos- r r )  i s  taken

to  be  the  spec i f ied  tab . ' l ' here fore  i l0  matches  f rom the  cur ren t  cursor  pos i t lon

to the 1Oth character, ? 16 matches from the current cursor position to the

523



Anl 'bas ic  pa t te rn  ma)  be  enc losed in  round
for  example  f l l  i s  equ i la len t  to  ( f8 ) .
speci he rs(d escribed belorv) are used.
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16 th  charac ter  f rom the  end o f  the  ob jec t  s t r ing .  I f  the  cursor  va lue  is  g rea ter
than (a )  r lhen  ?  i s  encountered  the  match  fa i l s .

(-5) rxv this element is \\ r irten [(jt/ lng)] and matches an -t, siugle character
specificd in (.rtrizg). ' l 'hereforc 

fabcdel ri i l l  match a or 6 or c or r/ or c. Ranges
ma1 also be specified [a l] uil l  match an], lorver case letter.

(6 )  NOTANy th is  e lement  i s  * r i ten  {<s t r i zg> }  and is  the  con\ .e rse  o f  . r * r - ' .  I t ' i i l l
match anl single character rrot specified in the string. Again ranges such as
'l- ' i  K) mal be specified

brackets rvithout changing its meaning
Bracketing is essential when pattern

'l 'he 
basic elements ma-v be combined to lbrm more complex patterns, may be

qualif ied uith another pattern, or may be enhanced using specifiers. \ve shall discuss
each o f  these in  tu rn .

Pattern alternatives mal be specified bv separating alternati\.es using a vertical bar I
and enclosing all alternative patterns in round brackets. For example:

Q ohnll im[i ac h)

rviff match johrr or j in or jach.

(fr e dfr 611 i m#7 lui I I iaml 1)

' * i l l  match  ' / red ' fo l lo*ed  bv  anv  6  charac ters  o r  J iz ' fo l lo 'ed  br .an"v  7  charac ters . r'uil l iam'follorved bv anr' .1 characters.
'I 'he 

order of alternati 'e specil ication is important. The svstem assumes that it
should look for alternati 'es in the order specified so it scans the *hole of the object
string looking for the first alternati 'e and onl-v if that fails does it back up and look fbr
the second alternati 'e a.d s. .n. ' I 'herefore 

if an attempt uas made to match the above
pattern \\ ' i th the object:

ztillian brozctr and Jred n^ilson

PA'I'TI'R\ CONItsI\A'I'ION
The bas ic  pa t te rn  e lements  d iscussed abo 'e  a re  the  bu i ld ing  b locks  ou t  o f  . *h ich  more
comple\ patterns mav be constructed. Patterns mav be combine<1 using catenation and
a l r e r n a t  i o n .

Catenation of patterns is spccified simpll '  bl juxtaposition:
^ 

Jred

means the pattern eos fbll. * ed bv the simple string 'y'ed'. In this case, /red *i l l  match
objects rvhose llrst lbur characters are'fred'.

^ 
fred$

meansTollo*ed b,v /red' folloried b1^ 0. 
' l 'his pattern *i l l  match objects consisting of'Jred' and no other characters.

fredfr6\a zt1

$ i l l  match 'y'ed' fbllou,ed bv arrl '
is not a lorver case letter.

6 characters follorved by an1'single character rvhich
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the string 'Jred zcilxi uould match in spite of the fact that an apparentl) r 'zrl id match
'uil l iam bro'occurs in the object strit.rg before it. in this respect there is a dif lerence

betn een

[a t] and (alh t dWe hlililkJllnln olp qlrlsltfu t'ltu xl,r'l:)

eul u,i l l  match the first character in the object string thich is a lower case letter. The

sequence o f  a l te rna t ivcs  s i l l  match  the  ch i t rac te r  in  the  ob jec t  s t r ing  uh ich  is  neares t

the  beg inn ing  o f  the  a lphabet .
' l ' he  

a l te rna t ion  fac i l i t l  i nc ludes  a  fu l l  back t rack ing  capab i l i t l  so  tha t  i f  the  f i rs t  par t

of a pattern matches but a subsequent part fails, the slstem can back up and trv

zrlternatives of the flrst previouslv successful part in the hope that the-v *i l l  allorr
subsequent success. Fot example, sllppose \\ 'e have a subject:

(br b)(eaklranch)

and appll this to an object

bronch

The s ls tem rv i l l  f i r s t  match  'b r '  aga ins t  the  f i rs t  2  charac ters  o f 'b ran(h ' .  I t  $ i l l  then

attempt to match 'enA' and then 'rarucft ' against the follorving ' l characters 'anclr'.

Fa i lu re  s i l l  ensue r lh ich  * i l l  cause the  s l ' s tem to  back t rack  and match  the  second

a l te rna t ive  o f the  f r rs t  par t  o f the  pa t te rn  'b '  aga ins t  'b ranch ' .  ' l ' h is  i v i l l  succeed and the

svstem uil l then trv all the alternatives in the fbllou'ing part of the pattern. Success
rr i l l  ensue when 'ranch' is matched against the object.

S imi la r l l '  suppose \ \e  have a  sub jec t :

(alb)t

and an object

bcad

The s -vs tem wi l l  f i r s t  match 'a ' in  the  ob jec t  and then a t tempt  to  match 'c 's i th 'd '
' I 'his rvil l  fail so the pattern matcher rvil l  backtrack and match'6'. . lr ith the object
fo l lou ,ed  bv  a  success fu l  match  o f ' r 'and  ' c ' .

PATTER\  QLI . { I , IF ICATION

A serious deficienc,v in manl existing pattern matching s"vstems is the context
independent nature of the pattern matching. If a subject pattern is applied to a
sequence of objects, each object qhich contains a substring matching that pattern is
deemed to contain a successful pattern match. 

' lhe 
context of the matching substring

in  the  ob jec t  s t r ing  is  no t  taken in to  account  b l ' the  pa t te rn  match ing  s ls tem.  I t  i s
usuall l impossible to specifl a pattern ri hich u'i l l  match onll in a particular context or
in a situation u here a particular context does not exist. If context sensitive matching is

required, it is usual to select all objects vhich successfull l  match some pattern and
then appl) some further pattern matching operation to them using the appropriate
( , ' n l c x l  N s  l h e  s u b j ( ( t  n d t l e r n .

Our pattern matching sl stem provides a construct for specif 'r ' ing context sensitive
patterns b-\ ' introducing the n()tion of pattern qualif ication- An-v pattern may be
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u i l l  match  anv  s ing le  k r *er  case lc t te r  on
uhere there are t\\ 'o or ntore lorrer case
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qua l i f ied  bv  e i t l te r  a  pos i t i ve  o r  a  negat ive  qua l i f ie r .  Qua l i f ie rs  a re  s imp lv  pa t te rn
spec i f i c . t i .ns  cnckrsed in  cxc lamat ion  rnarks  ! ! . . {  negat i 'e  c lua l i i i e r  i s  a  qua l i f ie r
\here  the  pa t tc r '  i s  p recrded b \  the  spec ia l  char |c te r I  I )n t te rn  c lua l i f ie rs  a re  no t
conf inec l  to  s impJe pa t te rns .  ' l ' hev  

lna l  inc ludc  pa t te rn  combina t ions  and the  fu l l
range o f  a t ld i t iona l  spec i f ie rs  c lescr ibed be los .

I f  a  qua l i i i ed  pa t tc rn  i s  to  m. l tch ,  the  ob jec t  s t r ing  nrus t  con ta in  a  subs t r ing
nratching the pattern and the clualif ier must be satisfied. Satisf 'r ' ing the qualif ier menns
tha t  thc  c lua l i f v ing  pr t te rn  must  a lso  match  (o r  no t  match  i f  the  qua l i f ie r  i s  negat ive)
the otrject substring imn.rediatelv succeeding the matched string. After a successful
qu i r ) i l i ed  p r t te rn  match ,  the  cursor  po in ts  a t  the  beg inn ing  o f  the  qua l i f ie r  subs t r ing  in
the object. \\:e i l lustrate the notion of quali l ication bl example belor':

Jolnl Snithl

l i l l  rna tch  the  subs t r ing  ' Jo l r r r 'on lv  i f  i t  i s  imr r . red ia te l -v  fo l lo*ed  br '  ,Sz i t l i ' .

- ' / r thn l -Sn i rh l

i s  nn  example  o f  a  p i t t te rn  q r ra l i f ied  bv  a  negat ive  qua l i f ie r .  ' l ' h is  pa t te rn  u  i l l  match  the
substring 'Jr., irr '  onlr' i f i t is rrol immediatel-v follorved b1. ' Sziri ' .

i t s  own.  I t  u  i l l  no t  match  an  ob jec t  subs t r ing
le t te rs  in  sequence.

^  
! f 2 0  |

l  i l l  match  the  nu l l  s t r ing  a t  thc  beg inn ing  o fob jec ts  lhose length  is  20  charac ters  o r
more .

J rtt l l  (.snit hljonts)!

rvil l  r.natch f 't r1' provicled it is folkrs ed br' ' .rrzrtlt '  ot ' . iones' .

(ioh nlt.)l - ?201

r l i l l  match  ' joh i  o r ' . j . '  p ro l i c led  tha t  ?20 fa j l s  tha t  i s  p ror ided the  cursor  i s  bevonc l
. l r r r n r .  t c r  n , , s i l i o l  2  

 

i r r  t l r <  , r l r j c r  r .

PA ' I " I 'E I tN SPI ]CIF ' iERS

, \s  te l l  as  pa t te rn  combi r ) . r t ion  and pa t te rn  qua l i f i ca t ion ,  o ther  use fu l  fac i l i t i es  in  a
p i r t te rn  match ing  s )  s tcm nre  the  ab i l i t v  to  mi r tch  up  to  bu t  no t  inc lud i r ]g  some
spec i l ied  s t r ing ,  the  ab i l i t l  to  re fe r  to  match ing  subs t r ings  us i r . rg  some user  spec ihed
nane,  lnd  the  ab i l i t r  to  match  re 'pe t i t io r rs  o f  a  g iven  pa t te rn .  ' fhese 

fac i l i t i es  a re
providtd in our svstem bl using \\ 'h.rt \\ 'e call pattern speciJle,s.

,-\ pitttcrn specii ier is simplv r singlc cl.raracter lhich may folkrs anv bracketed
pat ten t . ' l ' he  spec i f ie r  charac ters  on l r  ha le  a  spec i : r l  mean ing  lhen the l .  fo l lo r  a
c los ing  bracket  the l  nccd  no t  be  escapec l  e lseu  here  i f  thev  nre  par t  o f  a  s t r ing .  ' I ' here

are  th ree  t )  pes  o f  s ; rec i f ie r :
(1 )  ' l ' hc  

repet i t ion  spec i f ie r
(2 )  ' l ' l . r c  'b reak '  spec i t i c r .
(3 )  ' l ' he  

. rss ignment  spec i f ie r ' .
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' l ' he  repet i t ion  spec i l ie r  a l lous  the  user  to  spec i f )  tha t  the  pa t te rn  i s  made r tp  o f  a

number  o f  repet i t ions  o f  the  bracketed  pa t te rn  p rov ided.  ' fh is  ml l  be  an  exp l i c i t

number  such as  6  o r  i t  mav be  spec ihed one or  more  repet t t l ( )ns  ( ) r  zc ro  o r  l l l o re

repet i t ions  o f  the  g iven pa t te rn .  An exp l i c i t  number  o f  repet i t io t rs  i s  spec i t ied  s imp l l '

bl fbllos ing the bracketed pattc-rn bv the nuntber. For ex:rmple:

(joh nVr ed)l

rri l l  rratch .l repetit ions of john or /rcd or any conrbination of . iohn and -fred. 
'I 'he

p!rttern:

( [ a  : ] )  1 0

$ i l l  match  any  charac ter  s t r ing  o f  leng th  10  $hose components  a re  k rwer  case le t te rs .

One or more repetit ions of the pattern is specil ied b-v lbllorving the bracketed

pat te rn  \ \ ' i th  . r  p lus  s ign( t )  and zero  or  l ro re  repet i t ions  b)  fb l low ing  the  t r racke ted

pat te rn  \ \ ' i th  a  s tn r (x ) .  For  exantp le :

(a) +

r l i l l  mntch  a ,  de ,  oea,  aeao,  aoooot  e tc  i ln )  scquence o f  one or  more  as .

(a ) *

s i l l  match  the  nu l l  s t r ing  or  anv  sequence o f  onc  or  more . ls  
' l ' he  

s ls tem ahvavs

at tempts  to  match  as  manv repet i t io r rs  as  p t tss ib le .

The 'break' specil ier is derived from the BRE-{K functi()n is SN()tsOL4 but is more

genera l .  Rather  than s imp l -v  a  s ing lc  chnrac ter ,  the  'b reak '  spec i f ie r  a l lou  s  a  de l im i te r

pattern to be specified. 
' l 'he 

s1'stem u i l l  match anv string, including the null string up

to  bu t  no t  inc lud ing  the  spec i f ied  pa t te rn .  Break  pa t te rns  are  spec i f ied  b l  fo l lou ing  a

bracketed  pa t te rn  s i th  an  a t ( ( r  )  charz tc te t .  For  example :

(fretllloe)t.u

r l  i l l  match  an)  s t r ing

( [ a : ] ) ( t

s i l l  match  anY s t r ing  up  to  l l  Io$cr  case le t te r .

' I ' he  ass ignment  spec i l ie r  i r l l oss  the  user  to  assoc ia te  a  name u i th  N pa t te rn . ' l ' he

subs t r ing  r rh ich  matches  the  spec i f ied  pa t te rn  i s  assoc ia ted  u i th  tha t  name.  A  name

mav bc an-v string of letters and it is a read-onlvnan.re local to the pattern in r, lhich the

name is  used. ' l ' hc re fo re  the  same name mtv  be  used in  d i f fe ren t  pa t te rn  de f ln i t ions .

.\ssignment specihcrs are \\ritten b-v folloling a bracketed pattern bl the chlrircter ",,

: rnd  fo l lo l ing  " , ,  * i th  the  requ i red  name.  For  ex i rmp le :

(F1 l l ) " , , len tor

\ \ 'ou ld  assoc ia te  the  name le r r l c t r  r r i th  the  ch i r rac tc r  s t r ing  matched bv  f  l0

(.ann elnor garetl ia nelh e len)" ,,gir lsnone

l ould irssocintc the namc girlsrinrrr l i th u hichever of the alternatives matched. \ ame

ass ignment  i s  on lv  va l id  i f  the  pa t te rn  match  succeeds.  I f  the  na tch  fa i l s ,  t t re  e tJec t  o f

r ' r i r m <  r s s i !  t l  m r n  I  i .  u l l J r h l ) c d .

up to Jicrl '  or joe'
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\a tu ra l l r ' ,  more  than one p i l t te rn  spec i i ie r  mi rv  be  used,  the  on l r 'p rov iso  be ing  tha t
the  spec i f re r  charac ter  must  imrned ia te lv  fo l lo l  a  c los ing  bracket .  Spec i f ie rs  a re
eva lua ted  in  le f i  to  r igh t  o rder  i rnd  i f  an  ass ignnrent  spec i f ie r  i s  used,  i t  must  be  the
r igh tnros t  spec iher .  I io r  example :

( (o )1O\" , ,os t r ing

matc t res  a  sequence o f  10  as  and assoc ia tcs  the  name as l r i z4  * i th  tha t  sequence.

( ( (a )  10) f r t  ) \ '  , , toa  s t r ing

m2r tches  {nJ  s t r ing  up  to  i l  sequence o f  l0  as  and assoc ia tes  the  name' loas l rz r rg 'u i th
the  matched s t r i l tg .

' l 'he 
combination of these features means that a po*erful pattern matching

mechanism is nvailable to the user. ' I 'his 
can be i l lustrated u.ith some further

examples :

Exarnple l-pattern to match trailing blanks in a string

0*if
' l ' h i s  pa t te rn  uses  the  repet i t ion  spec i l ie r  to  f ind  a  run  o f  b lanks  and the  $  pa t te rn  to
ensure  th i r t  these are  a t  the  end o f  the  ob iec t  s t r ins .

Exarnple 2-pattern to match fixed fields of a record and assign narnes to
these fields

(  ?10) , , , , /1  (  ?20)  ' , ,J2(  ?3 s) , , , , /3(  i52)" , , / .1
'fhis piittern uses the tab basic pattern to break out the fields and the assignment
speci f ier  to  name them. I t  I i l l  cnuse the name - / l  to  be ass igned t ( )  the f l rs t  l0
characters,  /2  to  the char i lc ters f rom 1l  to  20 and so on.

Exarnple 3-pattern to match all occurrences
followed by srr, r, , or ',i-l r^1.,r/{

t onputerllscientelrl slr:rzs) !

of'computer' provided it is not

' I ' h is  pa t te rn  uses  pa t te rn  qua l i f i ca t ion .  I t  t i r s t  matches  a l l  s t r ings  conta in ing
computer and then itttempts to match 'st. ience' or 's1'sterz.r'. If this match succeeds, the
u 'ho le  match  is  deemed to  have fa i led .

Exarnple 4-match strings which start with one or more digits and which
end with one or rnore '+' characters. Associate the narne 'middle' with those
characters between the last digit and the first '+'.

^  ( [0  ( . ) )+((  +)( r  \ ' ) , ,mi t l t l le(+) i f i
' l 'his pattern uses the repetition specilier to identil,r' the llrst digits and linal +
characters.  I t  uses the breal< spcci l ier  to  establ ish those characters bet leen the last
digit and * and the assignment specilier to associate them nith zrddle. 'Ihe special
character  *  on l l  has a specia l  meaning af ter ' ) 'so i t  mal  be used s i thout  the escape
. h r r r a ( '  t . r  i l r  t h r  f i r l r c r n  , l c F n i t i o r r .
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A recent  paper  bv  f i r i s$o ld1a ident i f ies  th . '  advant lges  and d is : rdvantagcs  o f  pa t te rn

match ing  t rs  imp lemented in  S \OBOL'1 .  He argues  tha t  the  complex i t l  o f  pa t te rn

match ing  s ) ,s tems is  fundamcnta l l l  due  to  the  fac t  tha t  the) 'a re  composed o f  2  d is t inc t

languages a basic language /,, and a pattcrn matching languirge P 
'I 'he 

basic

larrg|.,age L proYides control functions, declarations and program structuring facil i t ies

rl 'hereas P provides pattern deflnit ion and matching operations. 
'I 'hese 2 languages are

quite diffe;ent ancl there is l i tt le facil i t '  lbr c.mrnu'rication bet*een them ln

deve lop ing  ICC)N,  Gr isso ld  has  tack led  th is  p rob lem b l  e l im ina t ing  the  pa t te rn

component P and extending the langunge conponent L.

Aithough the design of a special language is perhaps the most elegant solution to

problems posed b)' the complexitl of pattern mntching sYstems' such :r task is a mqor

development effort. \\:e required a pattern matching s)'stem $ hich could be integrated

$.ith our eristing soft$ are, and this prec)uded special lar.rgu:rge development or use ot

a  language such as  SNOBOLl . ' l ' he  t rpproa tch  lh ich  ue  have taken to  the  de \e lop-

ment of .such a s-ystem is to recognizc that there is a dichotoml between the basic

language and the pattcrn matching language and to implement the pattern matching

.o-p,,r 'r.nt via a l ibrarv of procedures accessible from the basic language 
' l 'his means

tha t  pa t te rn  mntch ing  is  a r .a i lab le  to  a l l  users  $ i thout  an l  overhead fo r  those users

rho  choose no t  to  use  the  sJs t€ 'm.
Procedura l  in te r faces  are  ne |c r  sho l l l  sa t i s fac to r l  bu t  $e  be l ieve  the  con len ience

of pattern matching operatiorts embedded in an existing programming )anguage

outueighs the slight clumsiness shich is al\\ 'ervs a feature of s)'stems based on

procedure calls. An adlantage of a procedural s-vstem compared u ith a special pattern

matching language is that sophisticated users ma-v extend the sYstem b1'adding ne$

pattern matching operations. The s1'stem facil i t ies are open ended rather than

f o s " i l i z e d  i n . r  l r r n  g  u a  g v  d e t i  r r  i r i , , n
One of the disadvantages identif ied bl Cirisrrold in existing pattern matching

sl'stems is the necessitl for using side effects and the diff iculties this imposcs on

program s t ruc tur ing .  In  SNOBOL+ lb r  example ,  a  pa t te rn  match ing  opera t ion  se ts  a

global variable indicatir.rg the success or otherrvise of the match. It mal also assign

itring. tc, global names if a r alue assignment operator is specified as part of a pattern

definit ion. \\ 'e agree rvith Gris*old that side efTects are undesirable so one of oul

fundamenta l  des ign  a ims $as  tha t  the  s )s tem shou ld  never  use  s ide  e f fec ts .  A

consequence o f  th is  i s  tha t  a  number  o f  our  pa t te rn  match ing  func t ions  re tu rn

s t ruc turcs  conta in ing  va lucs  o f  t l i f fe ren t  t )pes  ra ther  than a  s ing le  Ia lue .
' l 'he pattern defir 'r it ion technique relies heavilv or.r the string har.rdling facil i t ies

prov ided b1  S-a lgoJ  bu t  a  s imi la r  techn ique cou ld  be  used in  anv  language uhere

d l  namic  s t r ings  can be  imp lemented.  De hn ing  pa t te rns  as  s t r ings  means tha t  the-v  can

bc  passed as  parameters ,  re tu rned as  resu l ts ,  compared,  inpu t  and ou tpu t  \ \ i thou t

incurring an-Y extra overhead.
In  summar l  there f i r re ,  the  advantages  o f  the  pa t te rn  mntch ing  s ls tem r lh ich  *e

h a r .  d c r r ' l , , p . d  r t r r  a s  f , ' l l o r r s :
( l )  I t  p rov ides  conte \ t  sens i t i le  pa t te rn  match ing  capab i l i t ies .
(2 )  I t  a l lo$ 's  pa t te rns  to  be  t rea ted  as  da ta  ob jec ts
(3)  I t  p rov ides  a  co t tc ise  and e legant  pa t te rn  de l in i t ion  nre t :han ism.
(4)  I t  can  be  in tegra ted  tv i th  ex is t ing  so f t la re  s ]s tems.

C)ur  re l t r t i r  e l1 .  l im i tcd  erper ience o f  the  svs tem in  use  ind ica tes  tha t  i t  u  i l l  be  a  use fu l

529
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t . . l  in  the  de 'ek tpment ' f  in f ' rmat i .n  re t r ie 'a l  s ' s tems,  in  Janguage process ing  and
in  tex t  man ipu la t ion .
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