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FURTHER WORK ON COMPUTER TESTING OF A GENERATIVE 

PHONOLOGY OF·DANISH 

Hans Basb~ll and Kjeld Kristensen 1 

1 .. Introduction 

The purpose of the project to be reported h~re (called 

"DANFON"l is that of a computational testing of a generative 

phonology of Danish (which, in its main lin~s, was already worked 

out by one of the authors, HB, before the project started). The 

ultimate purpose is that of improving the generative description 

of Danish phonology which is being tested, and also that of ex

panding the coverage of this phonology (see furthe~. section 5 

below). The reader is referred to Basb~il and Kristensen 1974 

for an account of the general structure of program and organiza

tion of data. Only points which. were unmentioned in the previous 

report, or which have been changed since thi$ report, will be 

• included in the following (very preliminary) survey. 

2. Some phonological aspects of the ~roject 

A string in abstract phonological representation is the 

input, and the program then changes it to an output (or several 

outputs) in phonetic (IPA) notation, by successive application 

of the phonological rules contained within the "grammar". The 

grammar makes use of three sets of background data, viz. ·UNIT

MATRIX (whose two dimensions consist of the distinctive feature~ 

1} Kjeld Kristensen is an engineer and can<l. phil. in Danish. 
He teaches at the Institute of Scandinavian studies (Univer

sity of Copenhagen}. - We are indebted to Peter Holtse for valuab
le discussions, and to J~rgen Rischel for stylistic suggestions. 
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and the inventory of units, i.e, phonetic segments and boundaries, 

see sections 2 - 2.1 belowl, RULEMATRIX (whose two dimensions 

consist of the distinctive features and the (incom~letely speci

fied) units defining the structural description and change of 

each phonological rule), and RULEINDEX (which gives general infor

mation on each phonological rule concerning optionality, sensi

tivity to syllable ·boundaries, and the location of the rule tn 

·RULEMATRIX}. See section 3.2 below for the description of a RUN, 

and, for further details, Basb~ll and Kristensen 1974. 

The phonetic notation used for the output f9rms must be 

narrow, since we want to b~ able to distinguish between all 

stylistically relevant phonetic differences (due to our interest 

in the possible hierarchy of opti6nal rules}. We therefore operate 

with 89 distinct phonetic segments ("sound symbols·") , for the 

moment. These are listed below (in IPA-notation; for practical 

reasons 1 we are forced to use wrong symbols in some cases which 

will be indicated directly below). The first sixteen symbols 

(viz. those denoting full vowels) ·occur both as long and sho~t 

vowels, and both with and without st~d (see section 2.3 below); 

the number of non-composite IPA-symbols below therefore reduces 

to 89 - 3xl6 = 41. The grammar operates with two further units, 

viz. the syllable boundary($ on the line printer, v on the IPA 

ball-head} and a grammatical boundary(# -on the line printer, 

/ on the IPA ball-head}, see further section 2.1 below. Notice 

that all these ph6netic segments and boundaries. are used on most 

levels of the derivation: many of them occur as abstract phono

lo9ical segments, and all of them as phonetic segments (and as 

intermediate segmenti}. 

1) Partly because the correct symbols are not found on the IPA 
ball-head, partly because certain char&cters on the papertape 

typewriter are prohibited in ·normal use (for computational reasons). 
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Phonetic segments: 

(1) 16 full vowels: 

e e re : °' 
(e.g. in bil 'car',· 1·iot 'little; adv.', fre 'fool', 

hane 'cock', varm 'h.ot' [bl•?I, led, fe:·?, hre·na, vo.·?m]) 

y (/) ce e ( for Cl: , i.e. a low rounded f +on t vowel) 

(e.g. in dyst 'fight', .!tE. 'run', h(/)ne 'hen', gr(/)n 

'green' [ dysd, 1(/)•?b, hce•ne, g~CE n?]} 

u 0 o . o ( for n l 

(e.g. in~ 'mouse', kone 'wife', bla. 'blue', ar 'year' 

[mu•?s, ko•ria, blo•?, n-?]l 

a ¥ (for~, i.e. a vow~l intermediate between a apd °'} A 

(e.g. in · land 'country' , lam 'lamb' , hand 'hand' - -
[ Ian?, I°' m?, h.An?]} 

(2} 3 weak vowel~: 

1 
L a 

(e.g. in dydig 'virtuous', madd~ng 'bait', hopoe 'hop' 

[dy•aL, ma5+~, hAba]l 

1) ·The symbol L denotes a ''weak i" (der,ived from -/~/ by vowel 
raising before velars) which is found in the derivative ending 

-1:.9:. If this sound is . .phonetically identical with a normal [ i ], 
a 'late tensing rule: t ~ i may be inGl~ded in the gramm~r (c~. 
the following footnote). 

2) The symbol+ denotes a "weak e" (derived from L by vowel 
lowering before nasals) which is found in the derivative 

• ending -i]g. If this sound i.s phonetically identical with a 
normal [e , a late tensing .rule: +--➔ e may be included in the 
grammar (cf. the precedip.g footnote). 
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(3) 3 non-syllabic components of diphthongs: 

j w J 

( e . g. in ~ ' I ' , • tov ' rope ' , • hrer 'berry' 

[ j O(j, tnw, breJ ]1_ 

(41 13 obstruents: 

p t k 

(e .. g. in·~ 'on',· te 'tea', kom 'came' 

po • ? , t e ·?, kAm?]} 

f s I h 

(e.g. in fa 'get', ·sa 'saw', sjrel 'soul', hund 'dog' 

[fo•?, so•?, Jc•?I, hun?]l 

b d g 

(e.g. in ben 'bone',· dyr 'animal', 2 'walk' 

[be-?n, dy•?J, go•?]l 

V ~ R (for ~1 
0 

(e.g. in vild 'wild', ·ra 'raw', kors •~ross' 

[vi I?, ~o·?, kn~s 1 ]) 

1) We have chosen to operate with a separate symbol for the unvoiced 
~ in the sequences rp, rt, rk, rf, rs (~s a phonetic notation, 

this applies only in very conservativestandards, of course). 
The point is that these sequences generally do not have "st~d
basis" in conservative standards (this state of affairs is now in 
the process of change); compare the fact that words like kors 
[kn·s] in modern pronunciation violate the general restriction 
that monosyllables with~ long vowel have st~d. Notice, however, 
that we use the normal r-symbol, viz. ~, in the phonetic notation 
of words like pris 'price' [p~i ·?s] which phonetically have un
voiced~, just as we use the normal (voiced} symbols [j I v]., et~. 
also after [pt k f s] in words like pja] 'nonsense', klo 'claw', 
tv~rs 'across' [pjad, klo·?, tvre~s/tvreJs . This is because we con~ 
s ider ( in agre_ement with Peter Hol tse) the devoicing after "aspi
rates" to be a purely phonetic process, the aspiration phase being 
concurrent with the articulation of the following consonant. 
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(Sl 6 non-syllabic sonorants: 

m n r)_ 

(e.g. in lys 'light',·~ 'mouse',·~ 'reach', la,n9: 

' long' [ ly ~? s, mu •? s, no - ? , I ex !) ?-] ) 

0 y 

(e.g. in fed 'fat', fag 'profession' 

[f.e•?o, fcB·?y]}. 

2.1 Di~tinctive features 

The 89 phonetic segments listed above, t9gether with the 

two boundaries (and the blank}, are cross~classifie9 by 18 di~ 

stinctive featur~s wh.i,ch. will be mentioned below. The choice of 

features as well as the feature analysis of the segments must be 

considered very preliminary. In partic~lar, we, may want to change 

this part of the gr~ar as a result of the attem}?ted coordina

tion with Peter Holtse's project in progress qf synthesis ;by rule 

of Standard Danish. Reference to the yolwntnous literature on 

distinctive features will generally be omitted h~re. 
i 

The 18 distinctive features are the following: 

Unit: All segments and boun4aries ar~ [+unit]; 

a blank (in the output from a deletion rule} is [,unit], s~~ 

Basb~ll and Kristensen 1974, p. 220. 

Segment: Boundaries are [-segment], all other units 

are [+.segment J. 

Grammatical bou1:1dary: The grammatical boundary(# or/) 

is [+grammatica~ boundary], the syllable boundary($ or v) is 

[-grammatical boundary]. All segments are unspecified for-this 
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feature, viz. [Q grammatical boundaryJ. 1 

Syllabic: Full and weak vowels are [+syllabic], while ob
struents, consonantal sonorants and [j w Joy] are [-syllabic]. 

Our general treatment of "syllabicity" is explained in section 

2.2 below. 

Sonorant: [sonorant] _is defined as an acoustic/auditory 

concept, in agreement with Ladefoged 1971. [pt k f s J h b d 

g v ~~]are [-sonorant], i.e. obstruents, all other segments 

being [+sonorant] . 

. Constriction: [constriction] is a ternary feature indi

cating the maximal constriction in the primary speech channel. 

Nasals and oral stops are [3 constr] {the same applies to trills, 

taps, etc.}. Fricatives are [2 constr], and vocoids, [ I J and 

[h] are [l constr]. Our use of this ternary fe~ture corresponds 

to Ladefoged's distinction between stops {i.e. [3 constriction]), 

1) At the moment, we consider the possibility of changing the 
grammar so that it can operate with the notion of rank of 

boundaries {and, hence, rank of rules} as suggested by Mccawley, 
see Basb~ll's paper on grammatical boundaries in this volume, par
ticularly pp. 111 f and 119 ff. According to this proposal the 
binary feature [grammatical boundary] should be replaced by 9 
multivalued feature [boundary], possibly so that$ {or v) is 
[l boundary], the intra-word {strong) grammatical boundary {iden
tical with the {weak} inter-word boundary)# {or/) is [2 bound~ 
ary J, the ( strong} . inter-word boundary # # (or //) is [ 3 bound
ary J, and the "sentence boundary" ( loosely speaking), viz. # # # 
{or///) is [4 boundary]. Our notion of $-sensitive versus $-in
sensitive rules could thus be generalized in such a way that each 
rule gets its rank specified ~s [l bound], [2 bound], etc., by 
means of an index (1,2,3, ·or 4) in RULEINDEX, which replaces the 
piesent binary distinction of·$-sensitive qnd $~insensitive rules. 
In the case of a rule of rank 3, boundaries of ranks 1 and 2 (b~t 
not boundaries of ranks 3 and 4) should thus be ignoreq when th~ 
compatibility of an input string with the structural description 
of this rule is examined. From a phonological point of view, this 
proposed change in our treatment of boundaries seems very attrae~ 
tive. {The fact that zero is compatible with all numbers in- our 
treatment of rule application makes it necessary to keep the di
stinctive feature [segment], also when the change propesed in this 
note is carried out.} 
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fricatives (i.e. [2 constriction]t, and approximants (i.e. [l 

constriction])~ Ladefoged, however, use~ .the bina~y feat~r~s 

[stop] and [fricative] which permit him to characterize the af

fricates as [+stop, +fric] (thus in this case ignoring the time 

dimension). One of the major justifications of tp~ ternary 

feature [constriction] is that [h] can then be givep a reasonable 

definition, viz. as a voiceless (i.e. [-gl constr]l sound which 

is [l constrJ. 1 It should be noticed that this use of ~const~ic

tion] permits the inclusion of [l constr] in the hierarchy of 

features accounting for the maximal syllabic structure (see aas~ 

b~ll 19741, at the place between [-consonantal] and (+sonorant], 

presupposing that [h] is disre~arded at the establishment of tne 
hierarchy. 2 

ll The ternary feature [constriction] replaces the tradition~! 
feature [continuant], [-continuant] being equivalent with 

[3 constriction]. The distinction between [2 constr] and [l 
qonstr] recalls the distinction between obstruents ~nd sonorants 
([2 constr] sounds always being [-sonorantJ, whereas [l constr] 
sounds are normally [+sonorant]), with the important re$ervation 
that [h} is [l constriction] and voiceless, and thus an o'.b$truent, 
at the same time. 

2) .[h] is the only Danish segment which is completely non•co~bin-
able with any non-syllabic segment, and it thus d9es not enter 

into any ordering relations among c6nsonants. This particul~r 
status of [h] is codified in the phonological works of Ulqall 
(1936) and Martinet (1937} who consider [h] ~ prosody (Martinet 
treats [h] as a breathy attack of (stressed} vowels, which enters 
the correJ_a tion of aspiration: /p, t, l<, h/. : /b, d, g, ze;ro /} " 

The main weakness of our use of the ternary· feature [const~ic• 
tion] is that the class of "voiced continuants" cannot be defined 
as a natural class in the technical s~nse. This class seems ~ele
vant in phonotactics, since the segments·which may occur in the 
vowel-adjacent position in a word-initial three-con$onant clust~r 
are [j I ~ v] (notice that [j] is a non-consonantal_ s9norant, [I] 
a consonantal sonorant, and[~ v] voiced-obstruents). One possib+e 
solution is to define th.is clq.ss in terms of two very natural 
classes, viz. the class of non-syllabic voiced segments minus the 
class of [3 constriction] (i.e. non-continu~nt) segments~ This is 
not quite satisfactory, of course. 
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Lateral: [ I.] is the only s~:,un·d which is [ +lateral J. 

Consonantal: [consonantal] is here used as a cov~r feat~re 

(in the sense of Ladefogedl, i.e. as a feature which is defined 

exclusively by means _of independently established featutes. 

[-consonantal] is defined by the equivalence: [-consonantal] E 

[+sonorant, 1 constriction, -lateral], and, consequently, the 

class of all [+consonantal] sounds is the union of the (non-over

lapping) classes of obstruents (i.e. [-sonorant]; as mentioned 

above, all I2 constr] sounds are obstruents), laterals, and non~ 

continuant sonorants (viz. I+sonorant, 3 constr]), i.e. (mainly) 

nasals. For furthei details, see Basb~ll's paper on diphthongs 

in this volume, p. 49 ff (as mentioned above, [+continuant] and 

[l constriction] are equivalent in the formula). 

Glottal· constricti·on: [ p t k f s J h ~ J are [ -gJ,. constr J, 
all other segments are [+gl ~onstr]. Notice that [b d g], which 

phonetically are voiceless (in the traditional sense, i.e. the 

vocal cords do not vibrate) and distinguished from [pt k] by 

means of aspiration, are [+gl constr], which agrees well with the 

,results of Fr~kj~r-Jensen, Ludvigsen and Rischel 1971, as well as 

with several phonological patterns (in most cases, [gl constr] 

is identical to the traditional feature [voiced]}. 

Labial activity: Rounded vowels, incl~ding the weakly 

rounded IA], are [+lab ac]. The same applies to consonants with 

labial (primary or seconda~y) articulationA i.e. [w, p, f, b, v, m]. 

All other phoneti_c segments are [ -lab ac J, except [ J .J h J which 

are unspecified for this feature. 

Apical: [t s d I no] are the only sounds which are 

[ +apical J. 

Back: The normal vowel space is here analyzed by means of 

two dimensions: [back] and [distance] (measured from the maximal

ly constricted pharyngeal vowel, see below), in addition to 

[labial activity], as mentioned ~hove (see fig. 1). • A vowel is 



273 

[".""back] [ +back J 

ov .o u [ 5 dist] 

\~ \ 
[4 distJ oo 

\ re I 
[ 3 <list] 

o\~ 
0 0 e 

I 
(B, a 0 /0 /\ [2 dist] 

~-, a. 0 D [l di~t] 

Figure 1 

Schematic drawing showin9 the relationships 
:between the vowels in terms of the features 
[back] and [distance] (see sectlon 2.1). 
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[ -back J if i.t is situated on the "left and bottom side" of 

Jones' Cardinal vowel diagram, ;i:..e. between the highest and most 

front palatal vowel [ i] and the lowest and most back pharyng~al 

vowel [n], and [+back] if it is situated between the highest 

velar vowel [u] and [nJ. 1 Although the distinction [-back]: 

[+back] in the pharyngeal vowels in a sense is neutralized, they 

are here classified as [+back]. Consonants which are palatal or 

whose place of articulation is in front of the palatal region 

are [-back], and consonants which are velar o~ whose rlace of 

articulation is behind (and/or below) the velar region are [+back]. 

[h] is unspecified for this feature. 2 

St~d: The vowels of syllables which have st~d are defined 

as [+st~d], all other segments (including postvocalic sonorants 

in syllables with st~d1 are defined as [-st~d], see further se~

tion 2. 3 below. 

_11 In languages with one or more mid vowels, situated on the line 
between the maximally constricted pharyngeal vowel and a high 

mid vowel intermediate between i/y and u, the feature [back] must 
be ternary. While the analysis of the vowel space by means of 
the features [ back 3 and [distance]. ( in addition to [ lab ac-J) may 
tentatively be considered universal, the number of steps in each 
of these dimensions is thus language-specific (within certqin uni
versally determined limits, of course}. 

2} The features [lab ac], [apic] and [back] together see~ to cover 
the traditional dimension "place of articulation". We have, 

in fact, considered the possibility of operating with a multi
valued feature [articulation place] instead, with the coeffici~nts 
1 (= labial}, 2 (= dental}, 3 (= palatal), 4 (= velar}, and 5 
(=pharyngeal}. However, we should still need an independent 
feature for rounding (cf. the labio-velar glide [w], derived from 
labi(odent}al [v]}. Furthermore, pharyngeal vowels like -[n ~] 
sometimes go with the velar vowels (cf. the continuous transition 

• from "maximally velar" to "maximally pharyngeal" vowels}, thus 
constituting a natural class which is unstatable unless one oper~ 
ates with back vowels. The issue is far from settled, however. 
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Distance: [dist] is a ~ultivalued feature denoting di

stance from the most constricted pharyngeal vowel. As alre~dy 

mentioned, this feature t,ogether with the feature [back] defines 

two vowel·dimensions (see fig. 11; each dimension is, partitioned 

into five steps (i.e. (dist] ~s a pentavalent feat~re).: [a. D ~ J 
are [ l dist J, [ re 0: a "J are [ 2 q.ist J, [ e ~ o J are [ 3 dist J, 
[. e r/J o J are [ 4 dist J, and [ i y u J are [ 5 dist J. [ .J 1:1 ~ J are 

[l dist], and all other consonants ar~ [5 dist], exc~pt [h] which 

is unspecified for this feature, Our use of the feature [dist] 

recalls the traditional use of_[height] (these features being 

"inverse proportional", of course). However, [height] :i,.s nor-

mally considered a "vertical" dimension, which is ''perpendicular" 

on the dimension front-back, with the detrimental consequence 

that the distinction [ a J :[a.] is, traditionally; seen purely as 

one of front:back and not of height. That it is justified to 

consider e.g. the vowels Ii e e: ro o.J to "lie on the same line", 

not only physiologically and perceptually, but also phonological~ 

ly, is shown by the principles of r-colouring wnich consists of, 

roughly speaking, decrease by one step in the dimension of [dis

tance J. 

Aobligatoryshort: The use of the featur~ [aoblsh] is q 

"trick", as the name suggests. It is used as the only d~stinc~ 

tion between the vowels.ta o<. J, which are [ +a~blsh], and [ re a. J, 
which are identical to [a«], respectively, with the exception 

that [ro a.] are [-aoblsh]. All other segments are unspecified 

for this feature. The name is due to the fact that [a-~J only 

occur as short vowels (when the results of co~bined e-assimila

tion and merger of /VV/ and /V:/ are disregarded, as in da en ... 

[d.aen/daan/daan/da·n]} . 1 

l) It may be easier to quantify the output of our grammar (e.g.· 
by turning it into a suitable input to Peter Holtse's speech 

synthesis} if [aoblsh] is substituted e.g. by a feature ''rela~ 
tively distant", distinguishing [m ex:] (as [+rel dist]) from [a a.] 
(as [~rel dist]). This change would not affect the ~est of our 
grammar. We have chosen to operate with th~ feature [aoblsh] since 
it uses the only obvious phon·ological difference between the "a
vowels". Phonetically, howeve:i;, [ aoblsh J ·i$ even more arbitrary 
than [rel dist] (which amounts to saying that the least distant 
~nrounded vowels need to be further subdivided with respect to 
something like distance}. 
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Tense: The feature I tense J di.stinguishes between full 

vowels, which are [+tense],and~[ t. + e], which are [-tense] (the 

tense counterparts of [ t. + e] are [ 1 e· $]}. All copsonants are 

considered unspecified for this feature. 

Grave: [grave] is defined as an ac6ustic/auditory teatµre. 

For the inventory of segments used here, [grave] may be p~e~ 

dieted from independent features: all segments which ~re [+back], 

as well as all labial consonants, are [+grave]; consequently, 

all front vowels, as well as all consonants which are neither 

back nor labial, are [-grave]. ([h] is unspecif~ed for this 

feature.) 

Long: Vowels ~ay be [+long] or [-long], whereas all con

sonants are considered [-long]. 

2.2 Syllabicity 

As mentioned in the previous section, the full vowels and 

[e, t, +] are [+syllabic], whereas all phonetic consonants as 

well as [j w J 5 y] are I-syllabicJ. How do we then handle the 

"schwa-assimilation rules" which cre9,te so-called •11 syllabic·con

sonants", e.g. in handel 'trade' [han?el J (distinct pronun9ia

tion), which is most often pronounced without the vowel [e], but 

nevertheless remains a bisyllabic word? . 

• Our grammar contains an optional schwa-deletion rule whioh 

changes e.g. [vhan?velv] into [vhan?vlv]. Sin.ce [ I] is the onJs 

segment of the second syllable (which is delineate~ by the two 

syllable boundaries v 1, it must be II syllabic 11
, i.e. consti tut~ 

the peak of this (weak) syllable~ This treatment of syliabicity 

is prosodic. 

When [ e J is deleted in a word like· kornmer 'comes' 

[vk/\m?.veJv], the result is [-"'.kNTI?.,..J"'], i.e. [J] is the peak of 

the second syllable. This analysis agrees we~l with the large 

variability of the syllabic [ ".J·..,], which may cover the whole 

range of (unstressed) [A/n]. 
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I.n a case Llke kas·se t box' I v_ka s v e v J, deletion of [a] 

yields the result fv_kasvv] which suggests a bisyllabic word. 

(where the two-peak-syllabicity may be manifested by length of 

[s] and by a special intonationl. In many cases, at least, 

where an obstruent should carry the second peak, the bisyllabic 

word may be reduced to a monosyllable. We may· thus operate with 

an optional rule which deletes a syllable boundary in cases where 

there is no sonorant adjacent to the deleted schwa. 1 

The syllabic structure thus established (in the notation) 

by means of the syllable boundaries, together with information 

on stress (which is not yet available in our grammar), can thep 

be used for the quantification of·F
0

, intensity and duration 

wh~ch is necessary in the speech synthesis project. 

2.'3 The st~d 

we consider the st~d to be a prosod~c entity, cha~acter~ 

izing a syllable with a full vowel as its peak, and indicated 

as a distinctive feature ([+st~d]}. of the syllabic peak. Thus 

only full vowels (which are always [+syllabic, -consonantal, 

+tense]} can have st~d. 

It is a consequence of this prosodic treatment of st~d 

that an early st~d-rule like "the root-syllable of a prefixed 

verb gets st~d" will assign st~d to the short full vqwel of wo,rds 

like bekomme 'get' , ·forka_ste 'reject' , al though phonetically 

there is st~d on [m] in the former word and no· real st~~ at all 
in the latter (see below). It is another consequence of our 

st~d-treatment that the optional vowel sho+tening rule before 

1) This formulation, wh,tch. is meant a,s a very first approxima-
tion, is chosen because it permits syllable reduction r.egard

less of the precise location of the boundary between the syllab
le from which schwa is deleted, and the preceding syllable. 
The rule might, for example, delete the former of the two syl
lable boundaries in the following sequences: v[-son]v, v[-son] 
[-son]v, and [~son]vv (as general, the rule should ~ot apply 
across the grammatical boundary/}. 
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glides need not pay any attention to the location of the st~d 

in a word like ud 'out' I u. • ?o' ·U o? J' since the st~d will still 

be a distinctive feature of the vowel also after it has been 

shortened. 

In UNITMATRIX the 16 qualitatively different full vowels 

occur four times each, viz. as [ .... , -st~d, -long], 

[ .... , ~st~d, -long], [." .. , ..:.st~d, +long], and as [ .... , +st~d, 

+long] (the order of the 16 vowels is identical in tbe four 

groups, each of which may be said to represent a "syllable type"). 

In the input "tio the grammar the fom;:- syllable types are repre

sented as XVY, XV?Y, XV·Y, and XV·?Y, respectively (unless st~d 

and/or quantity are assigned by rule), where Vis a vowel and X 

and Y arbitrary sequences (including null) of units belonging to 

the same syllable (including its boundaries). 

In the printout, the four syllable types are represented 

as XVY, XVZ(?)Y (see below), XV·Y, and XV·?Y, respectively. The 

second type is treated in different ways, according to the unit 

Z which occurs immediately after the short st~d-vowel: if Z is a 

sonorant or a voiced .continuant obstruent, the printout is 
XVZ?Y; if z is a voiceless obstruent, or a voiced oral stop, OJ:' 

a, boundary, the printout is XVZY, i.e. the st0d sign? is O!l\itted, 

Thus, in cases like ·1yst, neuter 'clear (adj.) ',.or nxhed 'news' 

[ lysd, nyhe·?5], st~d will be dropped in the printout as a con

sequence of the vowel shortening (of /y·/). 

The procedure suggested here, viz. that s~~d is a characterr 

istic of a syllable with a full vowel, anti that it is considered 

a distinctive feature of the syllabic peak througho~t the deriva-

_tion (but not in the printout), permits the later quantific~tion 

of F
0

, intensity and duration to distinguish ~etween e.g. !l~sket 

as a noun in definite for~ and as an adjective, a distinction 

which is found ip certain varieties of Standard Danish. 
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3. Some computational·aspects of the p~oject 

3.1 Conversion into IPA-notation 

As shown in fig. l in Basb~ll/Kristensen 1974 (p. 218), the 

overall system was planned to include a subroutine which wa~ to 

translate the input form in IPA-notation into a string of inte

gers, and another subroutine which was to translate output from 

strings of integers into forms in IPA-notation. The purpose was 

to obtain an easy check of the correctness of the input and read

ability of the output, while internal integer representat~on of 

the phonological forms is desirable f+om a .computational point of 

view. Now, the input form is nothing but a single string, the 

inventory of units occurring in input forms is only a fraction 

of all phonetic units, and, furthermore, the corresponding print

out includes the input form. The translation can thus be done 

manually, as far as the.input side is concerned (most symbols can 

be translated directly witho~t recourse to a conversion· table, 

b~cause of the attempted similarity between the IPA-notation of 

a given input and its representation of characters as an input 

into the computer) .. The correspondence between the two character 

systems: IPA and the keyboard of the data terminal, is secured 

by a table-specified character conversion on tne output side. 

This character conversion is accomplished in the punching of t~e 

output file. The resulting papertape is transferred to printout 

in IPA-notation by means of a papertape typewriter equipped with 

an IPA ball-head. (It should be remembered that the MAIN PROGRAM 

itself contains subroutines which translate the keyboard repr.e

?entation of a string into integer representation and back ag~in.) 

3.2 DescriFtion of a RUN 

The rule testing program is run via a UNISCO~E 100 demand 

terminal. Using.the ED processor, one may update RULEINDEX and 

RULEMATRIX and insert one or more input strings into a temporary 
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file (the manual transformation from input in IPA-n ·1tion to 

the keyboard of the scope is quite simple, cf. above), rhe MAIN 

PROGRAM .is stored ih a permanent file in its symboliQ form and 

in its absolute form. The program works on four types of data~ 

1) UNITMATRIX which is stored in the permanent file; 2) RULE-

INDEX and RULE.MATRIX which·, to_o, are stored in the permanent ~ile; 

3) rulelimits (see secion 3.4 below) are normally put in direct-

ly via the keyboard; 41 the input string(s) whiGh ~ay be stored 

in a temporary or permanent file 1 or put in directly. 

Each RUN has two output files: 1) a file with printout con

sisting of RULEINDEX and RULEMATRIX which may be led to a line 

printer; 2) a punch.tape file containing the input and output 

strings to and from the rules of the grammar, together with the 

designations Hand L
2

. A printout·of UNITMATRIX can be obta~ned 

1) At the moment, the data used for the phonotactic surveys of 
Jespersen 1926 and Vestergaard 1968 is stored in some file 

elements, which is expedient from the point of view of testin9 
of rules (e.g. syllabification rules). We plan to store much more 
material of this kind. It is,· for example, our intention to cover 
systematically all different /rV/-sequence~ as well as a~l dif
ferent /VC/-sequences in which /V/ can be part of the relevant 
context for structural changes in /C/, and conversely . 

. 2) In Basb~ll/Kristensen 1974 (p. 225) we proposed to use the 
designations A (:meaning "the obligatory rule was applied. no;n

vacuously"), V (meaning "the rule was applied ·vacuously"), and 0 
(meaning "application·of the rule was tried, but its structura).
description was not satisfied"}, in addition to L (meaning "the 
optional rule was applied non-vacuously") and H.Tmeaning "non
application of an optional rule, the application Qf which would 
give rise to an L-form"l. Since we no longer consider the infor
mation offered by the designations O and V phonologically impor
tant, we have omitted O and V. Furthermore, the information re
presented by an A is completeiy redundant in the printout sino~ 
the rules which have been non-vacuously applied are listed, and 
if such a rule has no L-designation the rule must be obligatory, 
i.e. A. The only designations kept in the printout are, there
fore,-H and L (or, with the characters of the IPA ball-head, h 
and I)~ which saves considerable punching time and paper space, 
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after insertion of a couple of WRITE-statements into the MAIN 

PROGRAM. This seems inelegant, but updating of UNITMATRIX is 

rather rare. 

The bipartition of the output from the data processing 

(cf. 1) and 2). above} is desirable because RULEINDE4 and RULE

MATRIX mainly consist of integers which the IPA ball-head does 

not contain, while the writing chain of the line printer does 

not contain the IPA-symbols. (Later on when updating of RULE~ 

INDEX and RULEMATRIX will not be necessary any more, the WRITE~ 

statements causing these to be printed out can be omitted, and 

the system will be simpler.) 

3.3 ogtional rules 

In Basb~ll/Kristensen 1974, p. 223-224, it was described 

how the MAIN PROGRAM was to handle the facultativity which is 

implicated by the optional rules of the grammar: If the grammar 

contains n optional rules, each input form was to follow 2n 

different paths of derivation. 
1 

This method has now proved to be 

clearly uneconomic, for most often only a few of the optional. 

rules are relevant to a given input string (as we· realized, in 

fact, on p. 224!). In a test of a subcomponent of the grammar 

containing about 10 optional rules, the RUNt~mes were found to be 

exc'essively long. A new structure of the MAIN PROGRAM was pain

fully necessary. Now a minimum of different paths of derivation 

are followed. First of all, the input string is taken through 

the grammar. Hereby the program tries to apply all the rul~s of 

the grammar, optional or not, to the output form from the pre

ceding rule {or, in case, the input form to the grammar). Evety 

time the input string satisfies the structural description of an 

optional rule and this input string is changed by the application 

of the rule {i.e. the application is non-vacuous), a noQe is 

established. When all the rules have been run through, and the 

output forms and the designations~ and L have been-,transferred to 

the output file, the last established node is taken from the node 
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list together with the number of the (optionall rule where the 

node was established, From this point of the granunar all~ paths 

with respect to this rule have already been fol~owed. The ij 

paths with respect to this rule have the same derivational history 

as the~ paths before the optional rule in question, and the 

different variables still contain the relevant output forms and 

designations. Now the program deletes the node in question and 

go~s on to the next rµle (without trying to apply the optional 

rule whose node has just been deleted), application of the re

maining rules is tried, and maybe new nodes are establishect. 

This procedure is continued until the node list is empty~ The 

method is economic because every time a new_ node is handled, the 

computer processes data already in existence, placing a new layer 

of data over data already written out. The gain from_ this re

vision of the MAIN PROGRAM is really considerable. 

3. 4· Rule .limits 

As hinted at in section 3.2, it is now possible for us to 

test arbitrary parts of the grammar. This is desirable from an 

economic point of view, because the RUNtime will be shortened 

(in particular when only obligatory rules are tested), and also 

because a lot of information which is irrelevant for the problem 

at hand can be avoided. Th~ part of the grammar to be tested is 

selected by deciding the limits in terms of rule nu,mbers for the 

block or blocks of rules which one wants to have included in the 
desired grammar. The limits ordered in sets of pairs of (rule) 

numbers are input to the data processing, as mentioned in section 

3.2. Moreover, such sets of rule limits corresponding to dif~ 

ferent parts of the grammar (e.g. those rule limits defining the 

set of all obligatory rules, giving rise to the most distinct and 

conservative output form of each input form} may be stored in a 

permanent file anct added as input in a single command. 
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input ///indsp~~?Jt/// 

output f~a ~egel n~ 
i //y/indsp~~J?t/// 
v //y/in-dsp~~j?ty/// 
xix //v/indvsp~~j?tv/// 
xxvi i //v/e~dvsp~~j?tv/// 
xxix //y/enoysp~~J?tv/// 
xxxi //v/envsp~~j?ty/// 
XXXV //y/enysp~AJ1ty/// 
lxi //v/enysb~Aj?ty/// 

input ///stegnlng/// 
i 

output fHn ~egel n~ 
iii //v/stegning/// 
v //v/stegningy/// 
xiv //v/stegvningv/// 
xxii //v/stegvniQgy/// 
xxvil //v/stegvneQgy/// 
xxix //y/steyvneQyv/// 
xxxii //v/steyvner)v/// 
xxxiv //v/stajvneQv/// 
lxi //v/sdajvneQv/// 

input ///ty?ngda/// 

out put f ~o. ~ege I n~ 
ii //v/tyn?gde/// 
v //v/tyn?qdev/// 
XV //v/tyn?gvdav/// 
xxii //v/tyr)?gvdov/// 
xxvii //v/t(/;r)?,;Jvdav/// 
xxix //y/t~r)?yyoey/// 
xxxii //v/t1>t"J?ydov/// 

input ///~edso?m/// 
i 

output f~n ~egel n~ 
ii ;;•;~eds~m?/// 
v. //v/~edsom?v/// 
xiv //v/~Edysom?v/// 
XXiX //v/~Eovsom?v/// 
xxxix //y/~moysom?v/// 
xliv //v/~reovsAm?v/// 

fnput ///fffingahol/// 
i 

output 
ii 
V 

Vi i i 
i X 

XX ff 

xxix 
XXX i J 
XXX iii 
xiv 
xlvi 

ftm ~egel n~ 
//v/frenqehol/// 
/ /v /farngaho Iv/// 
//v/fmngevholv/// 
//v/fmngvavholv/// 
//v/fmQgvavholv/// 
//v/frer)yvavholv/// 
//v/freQvevholv/// 
//v/faQvavholv/// 
//v/faQvavholv/// 
//v/fYQvevholv/// 

Figure 2 
Derivations of the words ind-

·spr·(b•j t, ·ste·gn·it).S!, t,Xngde, r~d-

som, and· ·fang·ehul. Only Qbli
gatory r~les are applied, and 
each word has, therefore, only 
one version (see section 4). 



input ///k~~•?v/// 

output f~a. 1:Segel nt:S 

i i 

iii 

iii //v/k~re•?v/// 
v //v/kt:Sre•?vv/// 
xxxviii //v/kt:Sa.•?vv/// 
Iv //v/k~~•?wv/// 
lxxt //v/k~a.w?v/// 
1:Scgo I 
Iv 
lxxi 

output 
iii 
V 

XXXV f i f 
Iv 

beM 
I 
I 

f~a. 1:Segel nt:S 
//v/kt:Sce•?v/// 
//v/kt:Sce•?yv/// 
//v/kt:Sa.•?vv/// 
//v/kt:Sa.•?wv/// 

1:Segel bem 
IV I 
lxxi h 

output ftrn. 1:Segel nt:S 
iii //v/k1:Sce•?v/// 
v //v/kt:Sce•?vv/// 
xxxviif //v/kt:Sa.•?vv/// 
1:Segc I bem 

V h 
input ///flre•?d/// 

output f l:SO. 1:Soge I n l:S 

i ii //v/flce•?d/// 
V //v/f l~•?dv/// 
xxfx //v/flce•?ov/// 
lxxi //v/flceo?v/// 
I XX i i //v/flao?v/// 
1:Sege I born 
lxxi I 
I xx-i i I 

t r 
output ft:Sn 1:Segel nt:S 
t i i //v/flce•?d/// 
V //v/flce•?dv/// 
xxix /Iv If lce•?ov Ill 
lxxi 1/vlflreo?vl/l 
t.rnge I bcM 
lxxi I 
1 xx r 1 h 

r r t 
output ft:Sa. 1:Segel nt:S 
f Ii llv/fla3•?dll/ 
V //vlflm•?dv/// 
xxix 1 1 y I t ·" ce • ? e v 1 11 

. 1:Sege I beM 
lxxi h 

284 

Figure 3 

Derivations of the words krav 
and flad, Both opt;i.onal a~ 
obli°gatory rules are applied. 
Each word has three ve~sioDs 
( see· section 4) . 
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input ///k~i•?g/// 
i . 

output 
i i l 
V 

xxix 
I 
I xvi l l 
ijegel 
I 
lxviii 

t i 
output 
i i i 
V 

xxix 
I 
lxxi 
t:Sege I 
I 
I xvi it 
lxxi 

i t i 
output 
i i i 
V 
xxix 
I 
tjegel 
I 

: I xvi l J 
lxxi 

iv 
output 
i i i 
V 
xxix 
I xv t T t 
tsegof 
I 
I xvi i i 

V 
f ~o. ~cgel nt:5 outr,vt f ~a. Mogel MM 

//v/ktsl•?g/// i i t //v/k~f•?g/// 
//v/ktSi•?o"'/// V I I y I k t$ i , ? g,, // i 
//v/ktsi•?yv/11 )<XfX //v/'il.t$l•?yv/// 
//v lk~i •?jv/1/ lxxi //v/k11iy?vl/l 
l/vlk!:$i•?vlll tsegel boM 
bem I h 

I I xv f i 1 h 
I lxxi I 

VJ 
f ~a. ~egel n~ OU t p 'i' t f i:,o. ~~gel n ts 

l/v/k~i,?g/1/ i i i l/"/k~i•?g/// 
1/v lk~i •?g~III V /lvlktii•?gv/// 
l/v/kiji•?yv/// xxix /lv/k~l•?yvl// 
//v/k~i•?j"/// tjegel bem 
l/vlk~1J?v/lt I h 
bem I xvi i l h 

I I XX i h 
h 
I 

f tj a. t:5egel nts 
1/v /ktji •?glll 
llv/k~i•?gvlll 
llv lktsl •?yv Ill 
//v /ktjt •?Jv Ill 
bem 

r 
·h 

h 

f ~a. tjegel n~ 
//v /ktji •?g/// 

. /lv/ktji•?gvl// 
//y/ktsi•?y"/1/ 
//'' /k~t •?v Ill 
bem 

h 
I 

F:1-gu+e 4 

Derivations of th~ word. kx;:is,r, Both optional 
and oblig~tory rules are applied. The word 
has six versions- (s~e section 41. 
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4. Examples of .deri v.at.i.o:ns 

Before we conclude this report (in section-5) by stating 

some areas which our project might be enlargened to cover, w~ 

shall refer the reader to fig.s 2-5 which contain examples of . . . 
derivations within the present version of our grammar. 

Fig. 2 contains derivations of the words indspr~jt 'inject', 
. 1 ... 

stegning 'roasting', tyngde 'heaviness' ,· r·cedsom 'horrl,ble' , a.nd 

fangehul 'dungeon'; only the obligatory rules are appliep, and 

the output should thus be distinct, conservative pronunciations 

(but only in cases where alternative pronunciations e~ist, of 

course}. 

Fig. 3 contains derivations of the words~ 'demand' and 

flad 'flat', where all rules, including the optional ones, are 

included in the testing. Each word has three different versionst 

Fig. 4 contains derivations of the word krig 'war', all 

rules being included in the testing. The two outputs [k~i ·?] 

are both included in the printout since they have different deri

vational histories (corresponding to the phonological fact th~t 

_the final non-syllabic segment may be dropped after high vowels, 

both in standards with [y] as a separate segment, and in younger 

standards where [y] has been replaced by [j, w]). 

Fig. 5 contains the derivations of the u~terance s~~in~
11

u~, 

idiot! 'jump, (you) idiot!'. There are eight versions of tqis 

utterance, corresponding to the optionality of ~-colourin9 of£, 

1) We have used the orthographic form /stegning/ as input, in 
agreement with section 5 (ii) below, altho~gh the full vowel 

/i/ ought, from a purely phonologi9al point of view, to oe sub
stituted by the lax vowel /a/ (see section 2 above}. In that 
case, the derivation of the second syllable would have pa~sed 
through the derivational stages naQg , nt~g (Qy vowel rai~l.ng 
of schwa before velars}, and n+Qg (py lowering of high f~ont 
vowels before nasals). 
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of. vowel shortening before£, and of de-aspiration of an ut-~erance

final plosive (notice that these phenomena are independent of each 
other, in contradistinction t<::> the optional rules applied to krav, ............... 

• flad in ·fig. 31. -- . 

5. Further work 

There are several.directions into which we may continue our 

project. Three of these will be mentioned below (there are several 

others, e.g. concerning an automatic determination of t~e redun

dancy of UNITMATRIX, which will not be discussed here). 

(i) We try-to make the ehonetic output _of our rules so 

specific, detailed, and phonetically realistic that it can be 
used as input to Peter Holtse's project of speech synthesis by 

rule of_ Stan~ard Danish. One aspect of this coordination ie the 

attempt to use a phonetically satisfying distinctive feature ana

lysis of our units, although it may sometimes seem too redun~ant 

and unelegant from an abstract phonological point of view (cf. 

section 2.1 above). Our cooperation with Peter Holtse is planned 

to continue·. 

(ii) Concerning the more abstract.parts of our grammar, 

we try to approach the possib~li t;y of using orthogra;phi
1
~ forms 

as input to our rule system (as can be seen from the e~amples 

of deriv~ti9ns in fig. s 2-5, our. input forms are- at present :inost,.. 
ly very close to orthographi_c forms, the main deviation being 

that we need, so. far, more- information than the writi~g g~ves 

-as to st~d and the distinqtion of schwa vs. the full vowel /e/ 

the standard writin_g provi9,es us with). Our attempt to use 

orthographic or nea+-orthographic forms as input to the greatest 
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possible extent,
1 

is justified for at least two reasons; fi;retrly, 

the input will be well-defined and not "open,...ended", et. the (JJ;:-ep.t 

difficulties in giving a non-arbitrary characterization of th~ 

systematic phonemic representations in generative phonology; and, 

secondly, we may be able to change writing into $peech (by in

cluding the work sugges·ted under (i} above}, which. opens up wid~ 

perspectives of practical use. 

(iii} The third main line of our project is one of using 

the grammar we have constructed to investigate the notion of 

variabl·e ( or ·o·ption·a1} • rules, e.g. as to their possible inter'""' 

relationship in a hierarchical (or other) structu~e. Thus the 

output forms of our grammar may be spoken by a person on tape 

(or, according to (i) above, may be realized br means of speech 

synthesis}, and then evaluated by a number of·informants as to 

acceptability, stylistic value, etc. Such an investigation 

might shed light on important issues in synchronic gram.mar, oon~ 

cerning the real nature of speech variation and variabie rulea. 

1) It is very simple to change the input to the grammar into 
"quasi-orthographic forms" by means of "rewrite-r\lles", viz. 

rules which double a single consonant between a short vowel and 
schwa, omit?, rewrite e, ffi, a, o as re, a, e and aa, etc. Such 
a quasi-orthographic notation immediately reveals the ·points wher~ 
there is a non-superficial discrepancy between standard writing 
and our phonological forms. This might pe of use in dealing with 
orthographical tssues, since one may thereby find cases in which 
orthography could be made ~ore ~egular (there are, of course, 
other kinds of information, such as spelling errors, which are 
more important in that context). 
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