


il

PREFACE

The papers in this volume were read at the Conference on Quant[tative and Computa-
tional Linguisties arranged by The Linguistic Association of Finland at Seili,
August 23-30, 1979. A simple format was choten in ardor to avoid delays [n the
publication of the papers.

Sincere thanks are due to the Council of Humanities {Valtion humanis-
tinen tolmikunta) for a grant that facilitated publication of the volume.

Copies of the volume con be ordered from Suomen Kiel|tieteellinen ¥he

distys, c/o Kalsa H3kkinen, Fennicum, Turun yliopisto, SF-20800 TURKL 50, Fla-
land. i

Kalsa H3kkinen Fred Karlssan

ISEN 951-95263=2=3
155N 0357-0622

Turun rliepiston affsgtpaino 1979




e
Fred Karlssan

AUTOMATIC HORPHOLOGICAL SEGHEMTATION OF FINNISH WORD FORHS

V. This paper Is a preliminary report on a project called FINMRE conducted In
collaboration by Benny Brodda and the present author; cf. Brodda & Karlssen
_Hﬂnu«_.nui.:mu for a more comprehensive presentation. Qur main Fragestellungen
are these: To what extent is It passible to provide an algorithm for automatiec
morphological segmentation of Finnish word forms? What kinds of marphological
ambiguities do the surface strings contain? What theoretical implicatlons does
work of this type have? Bue to the well-known complexity of Finnlsh morphotac=
tics (ef. Karlsson (1976, 1977, 1979)}. we have at this initlal stage restrict-
ed our analysis to cover __._1_.mﬂn_n.=mu. possessive, and cllticized marphs. Qur
segmentation procedure does not (yet?) cope with compounds or derivational mor-
phemas.

The segmentation rules are qE.__L.:mE....__ in the BETA system constructed
and Tmplemented by Benny Brodda at Sprikférlaget Skriptor, Stockholm [cf. Brod-
da (1977, 1971, forthcoming)}. Brodda (e.g. 1979) has applied BETA to the auto-
matic analysis of Swedish marphalogy with considerable success, and the present
project is to be conceived as an mx_umlana.n with a language of a dlfferent
structural type. BETA iz a pragramming language organized as a substitutien
grammar; a string Is read and J.m__.i:m_._ 85 ancther string, provided cartain
conditlons obtaln. The BETA rules are slightly medifled Turing rules. In parti-
cular, BETA cperates with a system of internal states, which can be referred
to In the substitutien rules, The general format of a BETA rule Is shewn in
{1} (ef. e.g. Brodda {1977)).

{1} % ¥ w R sc rs My Mo

¥ is the string to be substituted, Y the rewritten string, LC and RC {Left and
Right Context Condition) express restrictions on the sagment Immediately left
and right of X, respectively, 5S¢ {$tate Condition) specifles the state the sy5=
tem must be in for the rule to be applicable, RS {Resulting State} specifies
the state the system proceeds to when the rule has been applied, HV (Hove) in-
dicates where the following operation s to be performed {e.g. left of the
string being handled}, and D (Hode) is a rule parameter used for resolving am-
biguities when several rules are applicable to the same string. LC and RC can
be defined so as to comprise any segments; if a rule s applicable e.q. only
when vowels cccur left of a string identified as a potential morph, cne postu-
lates a set (called e.g. "32") comprising I, £+ 5, ¥, 8, 8, 8, a, and the label
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32" can then be used as LC In the appropriate rule(s), In the same way, SC's
may be defined so as to cover any desired set of states. All LC's, RC's, and
SC's are deflned under DEFSET. Sets of scgments and sets of states may be sub=
sumed under the same heading. (2} is an excerpt from DEFSET.
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E.g. set "1B" denotes the states “2-4, 7,
ments 8, ¥ when used as LC and RC.
BETA works on the basls of phanclegical {graphemic)

plus the states, which can be Interpreted as

11-18" when used as $C, and the seg-

informatlon only,
'tracos' of Tdentlfied morphotac-
tic classes (cf. (3)). Mo higher-leve] syntactic parsing is involved, neither
does the segmentation involve any lexicon {apart from an exception list contaln-
Tng abour 200 frequent grammatical free morphemes that the rules would segment
Incarrectly; e.g. vain 'only! .

should not be segmented *va=i=n as if it were a
past tense first person werh form). The Input to the rule system consists of
running texts; cf. below,

2. The flow chart on the following page shows our analysis of Finnish morphotac-
tics. This is the linguistic substance underiying our BETA rules: the rules are
an implementation of the Flow chart. The thick=line boxes are the basle marpho-
tactfc classes {excluding derivational morphemes). Encircled flgures are RS's
{output states), e.g. the resulting state F@ after a clitic segmentation,
an._“nnw a number’ | segmentatien, and @ after a conditional Tsl segmen-
tatTon, @ is the Tnput state to the whole segmentation procedure, @ the RS of
nominal segmentatlon paths and @ the RS of verbal segmentation paths. Note

that the segmentation proceeds ?_un_.._m.*m-.ﬁnllm_:u_ The main linguistic mati-.
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vatlen behind this cholee of direction is that the suffixes are easier to [den-
tify (are more salient} than the morphaphenalogical ly varlable roots and derived
stems.,

The bold-faced figures such as 5,20 are 3C's. Proper formulations and
combinations of RS's with the $C's of subsequant morpheme ¢lasses {to the left
of the one belng segmented) provide an explicit and exact way of capturing any
co-oCourrence restrictlons that obtain between single adjacent morphs or sets
of marphs u_m._n.._n_nm to adlacent morphotactic classes. Note that the analysis has
to proceed on the level of marphs, as opposed to morphemes, Harphs belonging to
the same morpheme often behave in di fferent WEYS, €.9. by having different co-
unn:ﬂqn_._n..m restrictions. q__._rf the translatTve case morph kse roquires a pos-
sessive [of any type) to the right whereas the translative morph ksi excludes
possessives to the lm_rﬂ..._._.;w is of nn_r__.mm an instance of ordinary complemen-
tary distributlon, _urn .u?n m__ﬁ...:n alsg uw able to capture various types of par=
tially overlapping contextual distribution.

Al sub-boxes within the main morpheme classes [n (3) denote classes of
morphs that a.m_._u.__o simllarly In some way. A single morph may participate in sev-
eral such classes, and this makes the classes overlap. The morphatactic system
is obylously very complex when analyzed at the level of morphs. Consider 2.4,
the fnessive case .._ﬁqﬂ_._m.E.. 553 _._EH cceurring In four sub-boxes. First,
they share 5C 12" with Sth and 11A, T.e. they accept any of the statos '"2-5,
11, 12" as jnput fef. (2)}). This means that they oceur either in word-final
pasition ("2) or before any clitie {"3") or possessive: M¥n ("8}, mme {"5"}, ni
("1, The RS of ssA s "4, which has three prospective leftwards pathz. It
may occur after the 2nd Inf. morphs &, de, te e¢tc.; these have 5C Y14, which
accepts RS 4. ssf may also eccur after the 3rd inf. marphema mA, which has
3C M5 This SC accepts RS 14" as one of the permitted states. Finally, ssh
behaves like all other cases In being a potential input to the marphotactic num-
ser class, where 5C 36" accepts all the case states, [.e. "4, 6, 13-16", Alsc
mate that the number box may be by-passed, i.e. thoere might ococur certaln parti-
ciple morphs directly bafore 558, such as wA (SC "1BY), nee, lee, ree, see
(40" , and EU,dU (138, 39'). AN these SC's are satisfied by RS “14", Further-
more, note that the participle allomarphs ne, le, re, 52 have 5C "13" allowing
only RS M9 and this Is the state that obtaing after segmentation of the plu=
ral I. This is an exact description of the distribution of these morphs: ne
ete. never occur directly before EsA etc. but only before the plural T {cf.
mumncsmmmulu.w.muﬂam.x ~ sagpuene=lassa fplur./ ~ *saapuenc=ssa fsing./ ~

*saspu=nee=l=ssa /plur./}.

Let us return to the possessives, which obey strict co-occurrence re-
strictions regarding what case allemorphs they allew to the lefe, Vn occurs -
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only after case marphs ending Tn a vowel: consequently, fts AS 4 satisfies S0

tions such as maa=ta=an, men=nid=kse=en. But Vn does not occur after the case
marphs en, ‘den, "tten etc., nor after L. n, nor after €, ‘de, te, tte étc. There-

fore, its Rg "yir Ts not allowed by the 5C's ™3, 33" of the latter morphs. Alsp
note how the obligatary dependency Between &, de, te etc. and a fallewing pos-

sessive _“nknmvn.__._qlzu_ Is handled. §¢ "'z requlres elther of R5's e, 1Y to ob-
tain, which are the states unlgue to the possessivos ni, si, wme, nae, nsA. But

"IZY of tA, A, 1tA, na, S5, stA, 11A as well as "34" of kse permitting segmenta-

these cases cannot occur next to a clitic, which explafns why RS "3 |s not permi t=

ted by SC "33, gy en, den, ten etc. may occur with a subsequent clitic: thera-
fore their 5C "3 allows RS "3, but alsoc RS Y2" in case they occur word=finally.
The translative allomorph kse needs an idiosyncratie SC 34" since It is the
only case =.n.._.n_..n_..mﬂ can be mn.__ni_.“m.. by any possessive ::E.._n:.._u Hm_ but not by
2 clitic, cf. autoskseen ~ autosksemni ~ *autoskse ~ *autoskse=kin, The trans-
lative .H___.n_:.Wm..,nq on the other hand, is In complementary distribution with kse,
which Is captured.by SC M3,

New n_u.awEm.. the Infinitives, Tn partleular the restrictions that ga=
vern the co-gccurrence of infinitival functors and cases, The traditional Ist
infinitive m__nza.__u_._; one specifie allomorph of a single case, [.e. the trans-
Tative allomorph kse. This allomorph leads up to the unique RS "34", which is
the only case RS accepted by the SC "13" allotted to the lst inf. functars. The
SC of the 2nd Inf. Is "I4" which requires the permitted states to be 4", apg
the enly nnwou..m:.onnmn this state are the Inessive 25 and the instructive p.
And finally the SC of the 3rd inf. 1s “I5" permitting the RS's My, 14, 150, g,
e, the Tllative ‘¥n, the inesslve 55A, the elative sth, and the adessive 1

As for the RS's of the inflnitival functors, we should note that only the 2nd
Inf. & permits the segmentation to 90 on leftwards. All other Inf. functors lead
OUT (RS “28"), but e is in RS "24", which Ts accepted by the $C 28" of tha pas=
sive morphs to the left (e.q, sanoe=ttamemssa),

Analogous conslderations hald for our treatment of finlte verb forms.
As the connection.llnes between the PASSIVE, TENSE/MOOD, and PERSOM boxes In the
flow chart (3] shew, quite intricate restrictions obtaln here, too. Imperative
and person endings combine In very idiosyncratic ways, there js a dlscontinu=
ous |ink batween the person ending Vn and some of tha passive allomorphs, the

past tense i comblines only with the passive allomarphs tt, t, etc. Except for

the past tense passives, these restrictions have been resalved in the ordinary
'clean' way by devising a proper matching between RS's and SC's. The past tense
passives are segnented by 3 rule performing a double ocperation {e.q. tti -
=tt=l], __un:n?.mmm. w_n..__.m_.m _u_qnw_nﬂ. would have arisen in formulating the seg-

moantal contexts for the past temse and passive rules.
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3. Our analysis comprises some 215 substitution rules formulated at the level of (7
autonomous phonemas. We thus hawve two different rules for vowel harmonie wariants

of suffixes such as ssa, ss¥, and eight distinct rules for occurrences of the

morphophonems Y {any vewel). (b} shows the format of the rules for the [1lative

morphs hVn, (5} the 11lative hi-rules (these allomorphs cccur anly befare a sub-

set of possessives, viz, those with RS "5, 11"), and (6) some other case rules.

The first three columns should be interpreted wla DEFSET (2} : MW "2" maans that i
the segmentaticn:process continues to the left of the string beling handled,
() HEN SHEK; 7is R bmTies d
HYHM ) aHYH) 7T & 316 2 1 RULES:
HiMz2 =HigM} T3 Mise 2
HiM 2 =HEN; 7 3 318 2 1
HUNT aHUN; T3 36 2 1
HON; aHON} ¥ I Y16 2
HAN) =HAK) 7o 3G Xaes geny (8
(53 HI? =HI; 7 33318 2 )
HE? =HE; 7 33316 2 1
HYr aHY» T 33315 2 1
Hiy =Hir T 33316 2 4
HE} sHE} ¥ 3 33 18 2 | SAND
HUj rHU T3 3% le 2o
HOj =HO} 7 33316 2 |
HA 1 sHA) 7T 3311 2 1
f6)  LLA; sLLA; 7 31215 2 { RULES:
LLE} =LLYy 7T 31215 2 1
LTAs aLTA; 7T 31218 2 1
LTL; =LTE} 7T 31218 2 |
LLE7 SLLE} 7T 3121 2 |
KS5E; SHIE; T 33413 2 4
LE 3 BRI} T 3 316 2 4

The follewing print-cuts {9, 10) give a precise step-wise account of two deri-

With the aid of the flow chart Tt is quite easy to trace the segmentatlion paths
and to see how the RS's and 5C's Tnteract. Using vowe! harmonic morphophonemes
and the morphophaneme V for the reduplications, one could reduce the number of
rules to soma 135,

operation of marking the first stem-vowel,

b. Here, some more detalled examples are given of how the SC's and AS's colla-
borate to establish a segmentation path through the word being analyzed. (7} de=
picts the segmentation of the word taskulssani 'fm my pockets' and (B) the pas-

sive participle sanottavaanks 'inte what has to be said?', Bold-faced figures
represent 5C's, AS's they accept are above in ¢lrcles, and the ocutput RS Ts left of

the marph being segmented. The arrows shows how the scgmentation proceeds In
Jumns from one morph and state to the following. The rules invoked are Ilsted

belew the example words.
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(i) (12
(5) Q
(1) (5
(3 (©
Mw @
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(15) 38 1) o
I 55A
out
ni =ni 7 i 3 n
s5a =zsp B3 12 1%
= =l= 0 =2 36 19
@-B
aw
(2
(2)
._.m
.—.;
out
ko «ko =28 2 2 3
an  =an 1 3 3 4
va | =mwa 7 3 18 28
tta =tta 7 % 28 29

dot * shows where in the string the system "is" and

the columns at the left what operation
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vational histories. The unsegmented input word is on the line marked "11'%,
ﬂmﬂrm_.“_ .Ef....:.n intermediate steps of the segmentatian _H_.S_nmn:ﬂn‘ and "22" marks
the segmented output. The

is being performed, Mote the initlal

e.9. g +¢”

as in (%), before the
morphological segmentatfon proper starts at the end of the ward and proceeds
leftwards. The diacritie "' functions as a maln stress indlcator and Ts yseful

te refer to In the context speciflcations of several rules. The final operation
is the deletion of ",



{3) 11 *wVENEESEENIKGH

4y E| E*| EYmEREESEEHIKYS

ag Ty “\ HVE**REESEENIKGN

40 Kd} =Ko} HVE*HEESEENI*KGR

q4 11 1i HYE*HEESEEN*IsKEN
44  HI| =51} AVETHEESEExNIzKGR
44 EI El #YEPHEESE*E=NI=Kd®
a4 E| £l BVE'HEES*EE=NIzKdw
4y BEE| =3EE] EVE'NEE*3EEaNI=Hun
4 El El AVE*NE*ESSEEzNlaKdA
40 EJ El EVE*U*EE=SEEzNIaKDN
4y N b HVETHNEE=SEE=NI=KH¥
4y * ' #VER*HEE=SEE=NI=KbN

1
22 FVENEESSEE=MInKhzx

(10} 11 »WSYBDAKNKING

4y ¥SnYGDAANKING

44 HSYm"BEDEANKINK

hg FEY'oDAAHAKTINN

4y Y HOAARNSKINA
aq HSY*ODAmANZKINY
4y HET dhed=a}aK IHe
44 HEYTORDAS KNG INA
4y 2SY *wege0EzEN=KINY
4y FEYs"GmDAz Nk INN

22, WIYU=DE=EN=KINE*

5. This section contalns a brief discussion of some results. Work of this type
fs a contlnuous trlal-and-error process. One starts from as good a formulation
of tha 5...«..5:. rules as 1s _u.nmm._c._m. tests the efficiency om.n___n rule system
in order to find out what strings it cannot deal with, revises the rulez, ete,
The currant versfon of our FINHRF rule system is the 44th, The earlier computer
runs were done on a short text containing some 2500 running words taken from
suoman Kuvalehti, a Finnish weekly. Larger corpora have to be used, however, 1f
one wants o rellable estimate of the efficiency of the rules. By the kind assfs-
tance of the Research Center for Matlonal Languages (Kotimalsten kielten tutki-
muskeskus} and particularly Hr. Kimmo Koskennlemi, we obtalned a compurer-
readable tape of Anto Lelkola’s book Kitildsammaken arveltus (WSOY, Helsinki

1975}, containing some 49000 running words. The final runs have been performed
on this material.

The current version of FINMRF is copable of segmenting some 87% of all
word forms correctly. Hera, "correctly" means both that all sogmentations have
been done that should be done (e.q. tale=l=ssa=nl; an undergenerated form 1ike

taloi=ssa=nl would contain one error]; that overgenerations are counted as er-

FOrs o tn: {o.g9. k3slty=ksesnl contalns one error as compared to the carrect
kSsltykse=ni), and that homonymous strings have received the correct interpre-

tation f{e.q. alu=sta would be counted as en error If the correct interpratation
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is E_ﬁ.hh. even though the prior instance is 3 correct analysis of a word form
belenging to ancther loxeme),

(11) shows how the flrst fFifteen lines of the book have besn segmented
{it" should be emphasized that the whole book has been analyzed and the figure

87% 15 relative to this material). Errors are indlcated by a star directly above

the erronecus boundary. All other boundaries are correct. A "4+ In front of a
word Indicates that ft belengs te the exception Ilse; elther Tt has been ex-
ermpted from analysis or supplled with a texlcally given segmentation.

{11}
ETada=t KQKOELHARL RIHJOITUKSE=T *O=NAT PaRl=2 KULME=A LUKNUSUnHAw
HOTTA=MAZTTA SYNTY=MEE=T VIFI=DEN VIThE vuoBDE=N AlkasNA, ERKE=Tes
BHI=1=3T2 OM JULKISTE=TTU LEHOISTO=SSi, EALs=T RADTO=SSE, EREd=Twe
FESITELH=I=N%, AIMEPIIRI QM VERRA=TE=H KIRJAVAT HUKA=NA OHow
RENIIN=NE=KIN TIEDEPCLITIIKKASAN JA TIETEENFILOSOFINA=Angw
MLIITTY=V=I=K KIRJOITUKS=I=A, TOISE=KSI OPPIHISTORTALLIS=I=ANN
BPAKINO=T=TA, KOLMANMESKSI LUONNONTIETEILIJESKA#:
BHAATLMANKATSOMUESTA JA ETIIKKA=A SIVUASVEI=A ARTIKKELE=I=TA JhKa
WNELJANNE=KSI VIELR AINEISTO=A, +J0=TA VYO=IS] HINITTE=EA®
MYHPXRISTHTIETEELLIS=FUTUROLOGISE=KSI, ERI ATHEALUE=T=DEM#*
PVALEISLLY +ET +KUITENKAAN OLE JYRKK=I=X RAJO=0=A, KAIKK=I=A +TATd#
MaEIEha=kIn USEIMPAISA KIRJOITUKS=I=A YHDISETA=VE KXSITE oON TTIEDE &+
P+TAL "LUONNONTIEDE®. OLEaN +TOISIMAAN KEYTTE=HYT W=I=TK SaAND=Jzadx
MLILIA=N=KIN SAHARSSA =mmxhﬂ4xmmwuuq TIEDET=TE oN TakEl zccmxmznn
MnUIN LUONNONTIEDE, OLEsH PYRKI=iYT TUD=HA=an ES= mHz.xxm_#q<uxmmn=Hna

=

This tiny passage contains B9 correct boundaries and 11 errors. In our opinion,
the error residue fis to be considered sma

» especlally Tn view of the Fact that
the rules work on phonological and morphotactic information only (plus the ex-

ception 1ist); no dexicon or higher-level syntactic or semantic information is

utllized. Within the Framework of the BETA rules, the 10-15% error residue for

Fianlsh cannot be improved on since these errors are phenclogléal (graphemic)
homonymies, Compare the first tegmentation errors {11}
tatlons: vi=i=den renl=i=sdan; _.,E.u.._"_n.: ~ Jup=de

katsomuZsta r katsomus=ta, etc.

kO some correct segman=

H E_auum_.wnl...: ~ fllosofia=an;
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If FINHRF had access to a root (stem) lexicon, we would certainly re-
ceive a correctness level in excess of 90%. For example, of the incorrect scg=-
¥
aw_._.nuﬁa_.ﬁ._:mnn:an vi¥inden, cco.lkmnun. m:nrunmgctm—.ufﬁc;nnE.._mmnnnn_

since there are no potentlal roots {stems) vi, wuo, katsomu, The string fllo-

soflaan, on the other hand, cannot be resolved even using lexTcal fnformation,

as [t might derfve from either one of the noun lexemes fllosafl 'philosapher!

or fllosofia "philosephy!.

The computer focilities devaloped In conmection :mn_._. BETA by Banny
m«un_n_v. 8lso provide the epportunity of printing out alphabetTeal lists of the
analysis of all ..H._._nr._m words with Indications of thelr text frequencies. {12)
shows what word forms there are In Leikola's book that belong- to some lexemes
related to hyvd 'good'. The A_m:..r.n a..«.:u.ﬂ frequencies and the "+ in front of

hyvin that this ward belongs to the exception 1ist. Every single morph boundary

In {12) Is correct; there are no over- or undergencrations.

(02} 1 HYVE=I=Tagw 2 HYVEKSYaNYFaw
1 HYV=ISEMEs 1 HYVEKSY=TTYsEw .
1 HYVSIZLLE#a 2 HYYAKSYSTTYsJ=hks
65  +HYVIHA® 1 HYVEKSY=TTYsNEe#
& HYV=I=H=KINgEw I HYVAKSY=TTR=IBI=INE=
1 HYYINYOINM=I=LLE=MME## 1 HYVAKSY=TTHE=VsISLLESw
I HYVIHYOINTIH® I HYVERSY=TTE=Vidn
2 HYVINYOINTI=A#w 2 HYVEESY=TE=ENaw
1 HYV=IaNgsx 1 HYVEK3YSVETA»
I OHYV=I=Zaw 3 HYVEKBY=uiw
2 HYYYYDE=N4= 1 HYVAzLLE#® -
1 HYYYYTEzEN&x 2 HYVE=LLEE=
1 HYVYYTaTKan 2 HYVEaLTW#w
. B HYYiaw : & HYVYEzNiw
3 HYVE=KSE=Eha+ 26 HYVEsNSE#n
9 HYVE=KSIga 1 HYVENTAHTOINEhd=
1 HYVEKITKAYTTR=E=h#s 1 HYYENTAHTOISUUDE=zLLA=AN#S
1 HYVAKSIKSEYTTdcUMaw 1 HYYEMTERIJU=I=STa#w
1 HYYVEKSY# 2 HYVEzHE#n
1 HYVEKSY=I#w 1 HYVADPPISUUSH*
1 HYVSKSYsI=VETER 2 HYVE=STIgw *
1 HYVEKSYSMIKENE# & HYVizTd#
1 HYYEKSY=ME=ilaw 14 HYVh=zXdw
1 HYVERSYzHE=KKa® 1 HYVA=AsSHINS»
I HYVARSYNTR=Z4= 3 HYVAzEN&w

Katurally, lists like (12) are methodologically very useful In checking where
the rula system still leaks.

6. Finally, t shall touch upon some theoretical Implleations of our work and
briefly hint at some possible avenues for continuing the research.

As _._oﬂ.:. in the vﬂniuru umﬂn_o_.:_ ocur segmentation procedure has
Achieved ap 85-30% Jevel of success; Hrodda's rule system for Swedish is even
more efficient. How 1s this possible? The first conclusion to be drawn s that

whl=

the phanclogical (graphemic) string 5 very rich In Information and contalns
sbundant clues to morphological structure, and consequently to syntactic
structure and semantic fnterpretation as wall. Several present-day theorles

of language perceptien, recognitlon, and comprehension {especially the so-
called "Active Thearies" of speech parception, cf, Clark & Clark {1977)) lay
mast of n_._o interpretive burden directly on syntax and semantics, as It were,
Our results do not conflict with these views, but they certalnly stress the im=
portance of the information Smﬁa into the sound substance.

7 Anather tonclusfon of our experiment is that there soems to be a falr=
ly systematle difference In phonlogical structure between reot ends and suffix
ends, One should, in fact, speak of different canonical Structures. If there
were no systematic phonological differences batween root and suffix ends, the
outcome of our segmentation experiment should revelve around 50% with a lot of
overgenerations where q_vunm and stems havebeen incorrectly "invaded” by the
suffix rules (e.g. vuobde=n Instead of vuade=n) . Such errors do of course oc-
cur, but they are relatively unfrequent.

What are the phenological characteristics of suffixes and are there
di fferences vmﬂ:.mm_.._ n.ﬂmmuwman _._.bﬂﬂ_._.unmnin classes as well? In order to cluci-

date these matters, we postulate the follewing three basic binary features.

{13} a. Boes the suffix close the preceding syllable?
b. Are .“_;.m vewels primarlly open, i.e. a, u7
¢. Are the consonants primarily dental, l.e. t, d, s, 1, r, n?

There is no doubt-that these features are the fundamental ones for syllable
structure, vowels, and canscnants, respectively. Mext we apply these featuras

to the morphatactic classes In the flow chart (3). This yields the matrix (14),
where a,b,c denote the features of (13), '™ a posTtive value, "=" a negative
value, and "' nsu. no clear answer can be glven. [t should be stressed that the
pluses and -___:.___._um.u depict nn_.._”_m_._n_nu only, the structure of a prototypical rep-
resentative of the eclass in question.

(14)  case mums. [T poss.  pERs.  pAsS.  INF.  PART.  cLi

3. + + - * * Le = = -
_u. + - - - P + + - +*
LT & = + + + + + =

Some clear tendencies emerge. A prototypieal case suffix closes the syllable
and cansists of apen vowels m_._n_ dentals {exceptions: many of the genitive plu-
ral allomorphs like en, den; un:‘ the translative ksi, ksel. A clitic has two

baslc characteristics: it never closes the syllable and contalns na {initial)
dentals, PartTeTple morphs don't elose the syllable {exceptipn: ttu, tty}, they

contain opean vowels and prefer dentals lexception: wa, v8). Passive and Infinl-
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tive morphs seem to be almest ldentical: they don't closc the syllable {excep-
tion: tth, tt} and prefer open vowels and dentals. Person and possessive endings
also turn out to be almost alike: some of them close the syllable, the vowels
are ROR=OpEn .“mun.mnw.ojﬂ vAt, hnsA) and the consonants are dental. Tense and
meod morphs newver close the syllable and generally don't contdin open vowels.
The number morphs are fafrly Indeterminate, but it might be noted that 1 is non-
open as are the _.,o..sn._m in .._E.an__._.u_.onun_n_nm__,... equivalent tense and mood markers.

. These are tendencies only, v_..n w...n: 5o, they have a discriminatory
functlon which Tn part 1les _u_._w___:n_ n.w.q B5-90% result. Of course the contextual
spect ficatlons of the BETA rules ruﬁ__nmu these restrictions. Roots don't often
end [n the ways specified by (1h).

Hext, one should ask what the functfon of these differences Ts. Why are
root and sufflix ..___._mm different and why do several of the morphotactic classes
have phonolegqlef characterlstics of thelr own? One obvious hypothesis Is that
such _“__.mmmﬂm_._nn.w. facilitate perception and comprehension of utterances, l.e.
certain phonological ?m—.rqnm pecurring Tn certaln positions of the word are
a direct signal of certain syntactic -..::n.:o:“ andfor meanings. In other words,
the u.:mﬂxw_ canonical structures serve as Indexes of the relevant functions and
meanings: .n.m. a clased syllable towards the end of the word is a strong indi-

catfon of there being a case or person ending {at any rate not a temse, mood,
or clitic), etc. |t is known from seweral studles of language acquislition that
suffixes are highly salient (mare sallent than prefizes) for children acquiring
their native tongue [e.g. 5lobin (1966)). A high prepartion of the morphosyntac-
tic Tnformation ww_mﬁmun to the interpretatien of the meaning.of single words
is locatad at ‘the end of the word, and therefore it is perceptually proflitable
for the word end to be easily identiffable. The canonical structures might thus
be conjured to serve the perceptual strategies. - On the other hand, we don't
know what the relative importance of lexleal and grammatical meaning Is in langu-
age comprehension, and therefore one should not overemphasize the point just
discussed.

Results of this type show one of the benefits of such explicit anal-
YysES as are qﬂ_E.._:....n_ in computer studles: these analyses might eventually lead
to new qualitative Insights as well. In our study, this halds for the intricate
morphotactic relations uncovered by the flow chart (3) and the structural and
possibly even perceptual sallence of the basic classes of bound morphemes.

BETA yields morphologically segmented strings as outputs, but does not
perform higher=level syntactle or semantic analysls. It is obvious, however,
that the Tnternal state structure s equivalent to a syntactic description. Con=

sider an Infinltive farm like wvlﬁlmnmlmmw;l:m: 'when |'m saying', where the
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resulting state of each marph has bean marked. RS '"26" wniquely defines the 2Znd
infinitive, "I4" the two cases inessive and genftive {Tnstructive} and “11" pos-
sessives other than Vn. In principle, one could supply the states with a seman-
tics stating the grammatical category andfor meaning of the morph in guestion.
Another way of developing a syntactle parser for Finnish would be to construct
8 system of syntactic interpretation rules taking the segmented BETA output as
input. Given morphalogically segmented strings, quite a few of the marphs provide
direct hints of syntactle structure, either because they are unambiguous (1.e,
there arc no grammatical homonyms) or because they can be identified using con-
textual information (neighbaring morphs) owven though there are __ﬁ_,E:f,am..

Of the 192 morphs included Tn ocur analysis, some B0% are unamb | guous
{cf. Brodda & Karlsson (fortheoming) for details). These Include the clitic kin
‘evan', the passessive ni 'my', the inessive case ssa ~ ss§ 'in', the mood _mlml.
'condlticnal ', the participle ttu ~ tty, etc. Once thesc morphs have been mﬁ
mented, there are no problems in identifying their function and meaning.

Host of the merphs are ambiquous with one or several other morphs: e.g.
._.__._._ can bo the 1lative case {or rather one set of allomorphs of the illative
marpheme}, a ird persen possessive, or a finite passive person ending; mme can
be a st person possessive or 2 lst person finite verbal ending, etc. m”ﬁm:.____
of these homonymies can in fact be resolved by sieple fnterpretation rules
utilizing available information on the morph contest. Consider Vn: it is the
passive person ending when Tt cccurs to the right of the passive stem-forming
morph [¢.g. sane=tt=i=in), it is Interpretable as a possessive only when oc-
curring to the right of a case ending terminating in a vowel (c.g. talo=ssa=an],
and 1t is a representative of the illative case only when 1t directly ﬁo_ﬁw_.__.ml
the ron-inflected stem (talosan).

It seems clTear, then, that the parsing mechanisems that have to be de-
veloped 1f one wants to analyze Finnlsh syntax by automatic metheds are some-
what different and perhaps simpler, in some sense, than those developed e.g.
for English. This |5 due to the richness of Finnish surface morphology, or,
mere precisely, the relative tramsparency of Finnish morphosyntax.
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DEPENDENZSYNTAX UND AUTOMATISCHE DATENVERARBEITUNG

1. Zur Kodierung wen Strukturmodellen

Zu den wichtigsten Aufgaben der Dependenzsyntax gehfren die Er-
mittlung der syntaktischen Valenzbeziehungen des Satzes und dia
Erarbeitung von abstrakten Strukturmodellen verschicdenen Um-—
fangs, die auf dieszen Beziehungen beruhen. Werden in den Sdtzen
die Valenz des Pridikats mit einor finlten Verbfomm als unent-
behrlichem Bestandtell, die Valenz der infiniten Verbformen und
die des pri¥dikativen Adjektivas untersucht, kdmnen entsprechend
finite, infinite und adjektivische Strukturmodella unterschies-
den werden. Die finiten Modelle, die in der Regel "Satzmodelle"
genannt werden, lassen sieh nach dem Genus des Werbs in aktiwvi-
sche und passivische Modelle einteilen. Eine Hhnliche Eintei-
lung ist auch bei den infiniten Strukturmodellen méglich, wobef
entscheidend ist, ob die als Valenztriger fungierende infinite
Verbkonstruktion im Aktiv oder Passiv steht. Die Strukturmodel=-
la kdinnen ausserdem in Haupt- und Nebenmodelle untergliedert
werden: Zu den ersteren werden die finiten Modelle, zu den
letzteren neben den infiniten Modellen die adjektivischen Mo=
delle gezdhlt, flr die die Einteilung in aktivische und passi=
vische irrelevant ist,

Trotz der drei werschiedenen Valenztrigergruppen sind £ifr die
Eodierung der Satzmodelle nicht mehrere Verfahrenswaisen nidtig,
Sondern daflr eignet sich ein einheitliches Prinzip, Gemi=ss
diesem Prinzip werden fir die konstitutiven Glieder der Model-
le, 4. h. fir die valenzbedingten Bestimmungen oder Erginzun-
gon, zwel Kodezahlen verwendet. Dig eine Zahl bezieht sich auf
die Hauptklasse, die die Anzahl der Erglinzungen und die Art
des Modells im Sinne der Unterscholdung wvon Aktiv und Passiv
#um Ausdruck bringt, die andere auf die Unterklaszse, diec die
morphosyntaktische Form und Funktion der Erginzungen ausdriicke.
Dlo finiten und infiniten Modelle werden im Hinblick auf aktiv
und Passiv so abgegrenzt, dass Fiir dia eipe Art der Modelle



