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This papef investigated the uni.f lcätion problern fon strnings, i .e.
fon t ln*bui l t r  associat iv i ty .

The firgt beöt[.on deals with substitutions and theln notrnal forrrr.
The eecond eection presents an irnpr.ovement to the bagic str,lng*unif,ioation
älBöt^ithrfl aüd th6 third section establlstres classes of strirrgs for^ which
tcttninatiöü ör decidabit i ty results cän be Cenived.
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Intip-dug.tipn

F6r'almoot as rong: as attempts at proving theorens by machines
have-ex-lsted, i t  has been wetl known [".g. (2)], that centain axiorns
if' reft' without p::eca-utions in the database of än äutöfilat,ic theonem
pr'övtng (A'TP) syst'ea wilr force the ATp to go asträy. so fän, we
heqr.e -conGerrtpätöd, on. the foLlowing axioms :

Associativity

Commutativity

Idempotence

är:diio'st'th6'*.r respective corvbinations (wittr and,witlßut an. id.errtity
eleacnt'). we'have unification algorithms, which have these axioms
(and,lcanrü"1üäti,ons of these axioms) frbuilt-inr, 

IUJ .

( A )

( c )
( r )

The- pure associativity
(6ennl.)'atrgonit,hm, for" it was
is'r,'v{btüai. J,y se*feolrtäS.ned,

ö möfe expJ.icit düseussion

is the theosetical.Iy ha,rrdest case. .C
pl.esentea in [fal and althougfr thi.s papeü:,

[fe] may pruvideadditional mottvation and
in terns of ATp-systems;

uu{fleatlon algot,lthmb are howeve:: fundamentarry morre impontant
atrtl: si"gnif,iaan 'beygüd ATF! eaeh of the above axiofis, and.,each of, their
cardr&&*atiohs d€finee a,panticunar datarstr.uctunel, €rgr r 

'

A : stnings

A+e : bags

A+C+I : sets etc.

aa6'ce*t:rd,n, Aü'tasgtrages (t ike.QAa [ru], pLAäNER 
[a]etc,) heve, matching

a*'grritlwsr föF'thö'$e. casea buitt into theür, deductive. maehiner.yi

Apa!.it fFöm" th6. fäct that these'natching argonitirms. have.wlthout
erlceptio'. beef.rideeigned ad hocr i.€. without re$pect to compteteness,
mli'n$*raritlr' [see'(18) fon deflnitionsJ on sometimes:€V6r., con:ectnessi
th€: bäeii.d qu€stion of whethen a paetlculan matching problem fon a
pelrtleular data" strlireture is decidable (i.e,. of whethef a matching
ftlgo$*"thß' exis.ts.) has. not been answened.
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A l i t t le refLect ion wi l - I  show that for very nich matching structupes,
äs €rg. MATCIiLESS in PLANI' IER iO] ,  t tu matchirrg problem is undecidabte.
This pnesents a probrem for the designer of such ranguages: on the
one hand, very r ich and expressive matching structures ar,e desirable,
since they forn t i te basis fon the invocat ion- and deduct ion meehanism.
0n the othen hand,,  dnast ic restr ict ions wiLl  be necessary i f  matching
al-gonithms are to be found. The quest ion is:  just how sevene do
these nestr ict ions have to be. To answer this quest ion, mone precise
def ini t ions of matching structures than are customary up to now, wi l l
be requined.

In this paper,  the structures under

composed of constants and variables. A

into f languagesr of this kind, f rom the

viewr wi l l  be pnesented in [ fZ].

considerat ion a:re str ings,

mone detai led invest igat ion

fonmal language theory point of

Then the next step may be to consider basic functions over stnings,
l ike e.g. REVERSE, POWER, KLEEIIE-STAR etc. and to

a) f ind matching algori thms for these cases

b) f ind a basic,  minimal set of  such funct ions.

Howeven it is possible to show that already fon slightly rnone gener^al
tstningt- Ianguages no genena, l  matching algori thm exists and thus the
pnobrem becomes to find suitable subcrasses of such languages.

Apant from these two rpract icalr  motivat ions ( i .e.  ATp and matching

algo:rithms fon PLANNER-type lanEguages), there is a - much older - fietd
in which lmatchingt probrems arise. rt can easily be shown that .the
pnoblem of uni f icat ion with in-bui l t  associat iv i ty ( the matching problem
fon strings) is equivalent to solving simultaneous equations ovela a
free semignoup. This pnoblem, i .e.  the decision probrem of whether
a set of wond equations have a sorution apparentLy oniginated with

Mankov(i)  "nd has been invest igated by inter al ia Hmerevski j  [srorz]
aria [rg] .

( i )  and is cal led Ma:rkovrs problem in l lastern Europe and Löbts pnoblem

in Amenica.
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hief,Iy the problen is; given wcrd equations:

Y l I  =  Y12

Yzr  =  Yz2

- '
Ynl = vn2

with Y.*e{VUC}tt ,  whene V is an al .phabet (of var iaf fes) and C an
alphabet (of constants),  do there exist  subst i tut ions of exppessions

of C*into the vaniables of V such that

Y i l  =  Y i 2  ,  l < i c n ;  i . e .  s u c h  t h a t

the twq sides of the equat ions become ident ical .

No general solution to this problem is known; and it has been an
open question now for over 25 years. A more exact fonnulation of the
ppoblern and sofutions to some special eases can be found in [SJ.

This paper is divided irrto tr,r"e sections, The firpst section
gives basic definitions and terminorogy. I,le have spent sone time
hqr+ever on the substitution part, to find definitions which emphasise

. 
the functional charasten of substitutions. The usual, defirrition of a
subStitution ag ta set of pairst confuses the ol_d issue of rthe name of
a' functionlr and the function itself and has led to - in our view unnecessäty -

co;qplications in wöat is meant by tfre application of a substltution.

The second section Eives an improvement of the basic algorithm,
wbigh if speed should ever be, o-f any concenn, cou.Ld br,ing a consid,erabl,e
advantage, More inpontantly" howeverl the improved algonithm can
soJ-ve (i.e. terninate) cas.esr which the oniginar one can not.

The last secti.on shows various ways of crassifying stnings and
giVes terrninEtion o.r: decidability nesults for such clas.ses.

D a s  v o l u m e n  d i e s e n  A n b e i t  ( 4 0  s e i t e n )  s c h l i e ß t  e i n e n  v o l l s t ä n -
d i g e n  A b d n u c k  i m  h i e r  g e g e b e n e n  R a h m e n  l e i d e r  a u s .  I n t e n e s s e n -
t e n  w e n d e n  s i c h  b i t t e  a n  d i e  A u t o n e n .


