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LINGUSITIC TOOLS for a PHOWOLOGICAL EXAPEWS Y5 TF 4

fne Domain of tnis Project

(he ¢oncept of a nnonological expert system invnlves much mora tnen

what 1 have attempted to do in this nrojeact. It is fair tn say that what
I have done is created some vitial "tnols" which a phonnlnyical axpert
system can eventually use., The tonols are as fnllowss .

IS Distinctive Foatures (D) table inquires,
2 Prefix and Suffix rule combhinations of reqgular forms.
(Harmony rules are excluded for now)

[his part of the PHONological EXpert system (PHOWEX) 1s not "Al-isn® in
the true sense of the word but one can not attampt tn build or exneriment
with PHONEX until tne tools are in place. Therefore, I will »nnly nriefly
discuss how [ invision the ruture structures and concepts ni PH0HEX
focussing most of my attention on the tools which I have created,

nnat is a PHONOLOGICAL expert system?

PAONEZX will be an expert system which will be able to analyze the
paonological surface forms of a given language and break them down into
rules or exceptions. This data would then be used to assist in tne
understandiny and generation of speach and will eventually enable a
system to constantly update and analyze ocurring speach. Thus, wxhen the
systaem encounters a new word it can successfully use the currant rule
system Lo generate its essential forms (i.e. plurals, D2rsSON...).

ihe data which PAONEX will eventually start with will be from two snurces

1. the surface forms stored in a DF table
2. and the surface forms of words stored in FRAMES,

Tne knowledge representation in PHONEX is yet to be determined. Bafore
tne knowledje base is constructed, certain tools must be made. One or
thesz tools is rule generations for prefixes and suffixes. That is what
my program is about.

POSSIBLE REGULA wULE GENERATION FOR PREFIXING AND SUFFIXING

Ine orogram which [ have written for my independent nroject involves
generating the possinle rules for prefixes and suffixes of a jivan list
of surface rarms (tnose wnich occur naturally). Below is a demonstration
of my progran., Tne atom PLURALS is bounded to a list containing lists of
a wori and its plural,

®2 LULALS

((8ks akse™n) (hu bwz) (bUS bhbuSe™z) (blk hUuk s) (nv™gy hv™az)
(hv”s bv™se®z) (flfy 11t4s) (kwt kets) (kaz kaze®z) (1Id 1Idz)
(1lv 1lvz) (LOow  1owz) (1i¢ 1i‘¢2) (pol polz) (pv™f pv~Is)

~

(ru3 ruse™z) (sr® sr*z) (sv®m sv®™nz) (swli>g swlil>gz) (t2b tabz)
(tIp tlps) (uz uze™z))
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*( POSSIRLE =1 SGULAR=AS=0ULES PLUGALS)

(NIL
( (((e®z 2z ((+voi) (=np) NIL NIL NIL)) ((kD)1%* n™)))
((z s ((+obs =bhack =voi)

(+conl =tnse =¢p =cor =lat =nas)
(=back =cp =lat =loja =nas =str) WIL)) ((#Cl* z (=vni)))))

(((z 2%z ((+0bs +cont +cor)
(+syl =cons =loja =nas) NIL)) ((*I1* ~")))
((z s ((+obs =back =voi)
(+cont =tnse =en =6or =lat =nas)
(=back =¢p =lat =lo0ja =nas =str) NIL)) ((xCli* 7z (~vni)))))

(((s z ((+voi) (=cp) NIL NIL NIL)) ((*¥Cl* s (+vni))))
((z o™z ((+obs +cont +cor)
(+syl =-cons =loja =-nas) NIL)) ((xI1* e™))))

(((z s ((+obs -back -voi)

(+cont =-tnse -¢p =-cor -lat -nas)

(=back =cp =lat -loja =-nas =str) NIL)) ((*Ci* z (=v2i))))
((z e®z ((+obs +cont +cor)

(+syl =cons -loja -nas) NIL)) ((xI1% 27))))))

[he rules are grouped into two halvest the first beinag for tne nrafixes
and the second for the suffixes. In the above example. the WIL
rapresents tne prerixes meaning that there are none. The second part of

the example includes Tour aroups of rules wnich each of which are broken
up in the following segments:

(((s 2z [ (+vni) (-cp) NIL NIL NIL)I [(xC1* 5 (+voi))] )

pnoneme-transaction stem—-environment action

Pnoneme~transaction
Tnis shows which group of phonemes are changing to which. In tne
g9 P f aglng
simple rule anove, "s z" means that the followina rule changes tne
phoneme "s" to Mz®,

Stem—environment
This is the environment wnaich must be met if the rule is to be fired.
If the rule is an prefixing rule then the environment is listed in the
correct order. If the rule is a suffixinag rule then the environment
is listed in reverse (from closest to tne suffix to rarthest).

Action
Ihe action can be one of three forms: chanje (xCli*), insert (xI[1%),
or delete (xJ)l*), 'The number in the mnemonic (such as *Clt) tells
which character slot the action affects. The phonema followina the
mnemonic is the phoneme which is affected. In the case of change
(as in the previous examnle), the phoneme is followed by the features
wnicn are to be cnanged,

[nus, the oravious example
(((s 2z L+voi) (=cp) NIL NIL NIL)) ((#C1* s (+voi))] )

would be interprated linguistically as:
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s in the environment of ([ =co +yni |
becomes [ +voi ]
(ne sorrect rule in linglish ist
"s in the environment of [ +voi ]

becones [ +voi |

If you look carefully, the correct rule is a generalization nf the nrozran

jenerated rule. This generalization will be part of tha "true" Al porti
of this program which has yet to be written.
[HE [HEORY BEHIND POSSIBLE RULE GENERATION

The rfunction POSSIBLE=-REGULAR=-PS-RULES is broken down into five main
steps:

I« seperation of ine preiixes, stems, and suffixes.
2. wWeading nut the exceptions.
3. converting the stems into distinctive feature environnents.

4. generating all possible rules from the pairing of known
nrefixes or surrixes,

5. generating the smallest possinle groupings of ths pair-
—-generated rules to cover all cases of the prefixes or
suffixes.
Ine first st2p involves the separation of the prefix, stem. and suffix.

n
t present, this is accomplished by looking for the biaggest common
egmnents of a group of phonetically spelled words. For examples:

A
s
(GET-PREFIN=STEM=SUFFIX Z7(hUk bUks)) returns (NIL bUk s)
Ine second step is the weeding out of exceptionAal prefixes or surrixes.
Ilnhis is done by simply stating that "x" amount or less of something
designates it as neing exceptional.
(SEPARATE==XCEPTIONS (s z z s e™n s z) 2) returns
((s z) e™n) where "2" is the cut-off point for the exceptions.

Tne tnird step is the conversion ol the stems into distinctive features

on

environments., This is done ny starting rfrom the front (or back depending

on whether its prefixing or suffixing) and finding the minimal features
from the DF table for all the phonemes in one given pnsition. For
example, 1f we took the last pnoneme from a list of phonemes in (nhe
example below, the followiny minimal features would be generatecd

(for =nylish)s

(NIH=ENVIRONMNENT 2(hUS bv®s ru3 uz) =1) returns

(+obs +cont +cor)
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[hese distinctive reatures comprise nne type of knawladye wiicn is nuilt

into the systeme  Ine (ollowing D table 1s tn

a one 1 sed

for

Fnglish,

(Votice the ineredibly akward system of symhols I had to crests in

attemptling to produce the international phonetirs symhnl s!)
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Ine fourth and fifth steps are much more complicated then [ will present
tnem but the concepts are simple. Both the fourth and fifth steps makes
neavy use of comhinatorics. However, it is done in such a way that it

increases "Yproductively"s not exponentially!

[ne fourth step involves taking all the "regular" prefixes or suffixes
¢ : e )
les. Ftor example, in

and pairing them to generace their possible ru
nglish there are taree sets ol endinags for pl
are fir§§ paireds (s z), (s 2®z), (z e™z), Th
rule~-gendrating function which jenerates ths s

uralss s, z,

ez,

[hey

ase are tihen sent to a
mallest possible set of
rules. The rules themselves consist ol taree simple alterations:
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1o delating a Hhoneme
24 dnserting a paonenn
i, changina a pnoneme

fhe nain functions which make up the fourth sten ares

PALR=POUSSTHILE=-PS=-RULES,
COARPARE=OLOT, COMPAKE=LIST=0F=SLOTIS,
STAR=COMBINATION, STAR=COMBINATIONS

fhe fifth and final step involves crouning the pair-jemerated rules sn
that they aenerate all possible prefixes or suffixes. Tnis is done hy
selecting one of tne possible prerixes or suffixes as tne "norm" and
usiny the pair-generated rules to generate tne prefixes or suffixes
which are left. ror example, if we pick the ending "s" to be the sound
#aicn 1s the “normal" ending for plurals we would have to pick nair-
-generated rules suca that they generate the two other endingss #z#
and "e®z", If we picked "z" to be the "norm" we would have tn cnonnse
diffarent rules.

[ne najor functions for the fifth step ares

POSSIBLE-#ULES and FIND=-NEXT=-RULE

TESTING [HE PROGRAM

To test my program I gave it the only other interesting phonolosical rule
in =nglishs the preterates. The preterates are the past forms of verbps
and are formed by adding one of the following three suftixes to a stem:
ngu, "d", or "e™d". wWithout knowing the rule, I entered the nairs of
words below and let my proaram generate alternative rule forms for the
P<ETERATES. Like the PLUxALS, it came up witn four alternatives.

*PRETERATES

((ha’ bE’d) (bv®z bv®zd) (c0 cod) (dlg dlgz) (ril rild)
(fli flid) (flow flowd) (ga>lf ga>lft) (glu glud) (p@k pakt)
(pys pust) (pld plot) (pIn plnd) (puS pUSt) (oAt nate™d)
(pr™ pr=°d (rU3 rusd) (slv  slvd) (s0d s0de®d) (sid side”d)
(slum slumd) (steb staod) (tlp tipt) (wO’% w0O?%ks))

#( PO SS IBLE-REGULAR-AS-RULES PRETERATES)
" (NIL

(C((t d ((+voi) NIL NIL NIL)) ((xCl*x £t (+voi)))
)
((d e*d ((+obs =cont =-hign =tnse +cor)
(+syl -cons -loja -nas =-str)
(+nhs -high =back =tnse =voi))) ((x[1* 2%))))

(((d t ((+ohs =back =-voi)
(=-obs +cont -tns2 =-co -=lab -nas +voi =-str)
(-high -tnse -lat -rnd =loja =-nas =str) NIL)) ((«Cl*x d (=voi))
))
((d e™d ((+ohs =cont =-nign =tnse +cor)
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(((d e~d

((d t

)) )

(+syl -=cons =19J3 =nas -s¢r)

(+obs =hijh -nack

=tnsa -~vni)))

(C+voi) NIL NIL NIL))

((+obs =hack
(-obs +cont
(-high <tnse

((+obs —cont
(+syl -cons
(+obs <hiqh
((+obs -biacy
(-obs +cont

-voi)
-tnso
-lat

=hish
=lnoja
=-back
=voi)

-tnse

(=hignh -tnse -lat

—CD =l =nas +voi -=str)
=rnl =loja -nas -str) NIL))

-tnse +cor)
-nas =-str)
-tnse -voi)))

=Cp =lab -nas +voi =-str)
-rnd -1oja -nas =-str) NIL))

((x[ 1% 2™))))

((x)1 % e™))y)

((xCl* 4 (=vni))
)))

((x]1=%

(6

N

((xCl*x d (=vhi)))
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FUNCITONS FOw «ESULAK AFFLXING RILE GENERATION

PALE=SLOT <LIST: list to be comnaredds)
Inis function compares two lists of slots and transforms them intn
cither delete, insert, or change. These transformations are symholizer
yy the followinge
DELELRE == *DI%  (where "IV is slot number 1)
[INSERT == #*[2% (where “20 {5 slot numher 2)
CHANGE == *(C3% (where Y3 is slot number 3)
[NPUT «EQUIREMENTS:  CAR given-list -- pnoneme environment
CADK " -- I'irst slot list
CA D)DK " -- second slot 1list
[ne slot lists are generated rrom the function STAK=-COABINATION.
SAVMPLE: (COMPARE=SLOL 2 ((+0obs +cont +cor) (*STAk*x z) (™ 7))
returns ((+ohs +cont +cor) ((x[1* =7)))

RETURNSs a LIST-OF-LISTS

OMPAXE=-SLOTS <LIST-0UF-LISTS: 1lists to be sent to COMPARE=SLOT>)

[his function sends a list of correctly formatted lists tn COMPARE-SLOT
and returns the ones witn the shortest list of actions (actions beinq
delete, insert, or chang2).

HETUKNSs a LIST-0F-LISTS

(EAVIRONSENT=-DIRSCTION  <LIST ¢ word list >
<+=NUMBEx: direction of scan>)

[his function scans a list of words left-to-right or right-to-left and
returns the list of minimized distinctive features for eacnh position.
If the numer is nsgative, the phonemes are scanned right-to-lert.
If the number is positive, the phonemes are scanned left-to-rignt.
once tne “nth" phonemes of the words are gathered, they are converted
to minimal distinctive features,
Stes NTH=ENVIZONMENT
d=lUNSs  a LIST=0r=LISTS

(I LL=STA®=SLOTS <LIST ¢ list to pe examined >

<+-juliBBEs  length the list needs to be>)

[nis function returns the pnssihle combinations of a list which needs
slots to he added, The "dumny" slots are labeled as "*STAR*" slots.

SAAPLE: (rFILL=STAK=-SLOIS 2(e”™ 2) 4) returns &



((STAQ* *STARY o z2) (™ 72 *5[AL* *#S5TAl%) (5T Ag* ™ 72 #5TAL%))

AETURNS S a LIST=00=L151S

(el ND=NEXT=nULE  <LISTs unigue list of phonemes tried>
<LIST:  given rule >
<LISl: list of all rule to try >)

Thnis complex recursive functinon finds the rules wnicn generate the

other altrixes given a rule as the '"norm', [nis routine is calle=d by
POSSIBLE=-RULES,

(GET=-PrEFIX=STEM=SURFIX <LIST: 1ist of morphemes>)

Ihis function senarates a list of morphemes into its prefixes. stem,
and surfixes., It does so by simple segment matching.

SAMPLE: (GET=PREFIX=-STEM=SUFFIX “(falu fala fala~muS ra2la™)) returns
(NIL fal (u a a™muS a7™))

R=TUKNSs a LIST

(GROUP=-REGULAR-STEAS <LIST: words to be analized such as PLUKALS>)

[nis function groups the regular stems by their orefixes or surrixes.
[he main functions it calls are STEM=EXCEPTIONS and GR0OUP-STEMS-BY-
S=GMENTS.

(54 0QUP=STENS=-3Y=S=GMENTS  <LIST: stem list >
<LIST: segment list>
<LIST:s word-list >)

Ihis function groups stems by a list of segments3 namely prefixes and
suffixes. The main function it calls is ENVIRONMENT=DIRECTION.

(PA Tu=POSSIBLE=-KEGULAR-PS=1ULES <LIST: words to be examinad>)
[his function returns the smallest possible rules for describing one
pnoneme group changing tn another. It returns tne smallest logical
rule combinations using minimal combinatorics.
(POSSIBIE~EGULAR=PS-RULES <LIST: words to be examined such as PLURALS>)
Tais runction returns thé smallest possible regular rules for prefixing

and suffixiny. The first nalf oif tnhe returned list is ror the
nrefixes, the second for the suffixes,

(POSSIBLE=-ULES  <L1STs rules>)

[his Tunction derives tha possible rules from a list of pair-generated
rules. It assumes tne first rule to e true and picks combinations of
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tne others to derive all possible alfixaes. [t tiien pleks the sacond
rule to ba true repeatiny the process until all rules have neen chinsen,
(SEPARATE=STE I=EXCEPTIONS  <LIST: words to be axamined such as PLU<ALS>)

[nis tunction separates the given words into their reqular pretfives
and suffixes., (SAVGTEST=RULE=ACTION=-LENGTH  <LIST:  rul=2s>)

inis runction returns the length of the shortest rule actions in pair-
generated rules,

(SHOaTEST-RULE-ACTION <LIST: rules>)
Tnis Tunction returns the rule with tne shortest numoper ol rule

actions. These actions include delete (xDix*), insert (*xIi%x), and
change (*Cl*),

(STAR-COMBINATION <LIST: rule list 1>
<LIST: rule list 2>)
Thnis function returns the rule lists filled with "+*STAr*" slots

ready to ne converted into deletes, inserts, and changes. II tne
yiven rulz lists do not have equal lengths, then this function

raturns all pcssible slot combinations.

(STA#=-COMBINATIONS <LIST-0F=LISTS: 1list of rule pairs»>)

[his function sends a list of rule pairs to STAK-COMBINATION to fill
in the slots,

DISTINCTIVE FEATURE TOOLS

(CONVERT=PHONERES=TO=-MATRIX <LIST: list of phonemes>)
Tais tunction converts tne given list of pnonemes to a special kind of
features matrix. This matrix contains "+, W~  and """, The third

character "O" means that that feature is not specified ani does not
contribute to the 1eature distintions.

SA4APLES (CONVERT=PHONEMES=TO-MATRIX (S 3 s z)) returns
(OO ++0000+0000000)

HETUKNSS a LIST

(FEATURE=MATRIX  <ATOMs  feature>)

Inis function returns the hoolean matrix associated with the given
feature,

SAAPLES (FEATUUE=MALIIX “tnse) returns

(¥ + + + = = = =+ + 4+ + = = = = + v 4+ + + + + + = = = = =
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INis trivial tfunction returns tho current list of features in the
' tabl e,

SAMPLES  (LIST=rEATUKES) returns

(syl cons obs ront high hack tnse ep ror 1at rnd 1ab loja
nas voi str)

AolURNSs  a LISI

(LIST=-PHONENMES  <NIL>)

inlis trivial function returns the current list of phonemes in the
Dt table,

SAMPLES  (LIST=PHONEMES) returns

(i i i i~ 1 I I I uu2 uw u™” JUU”2 U” U7’ & 8’7 27 77
0 0% 07 077 = EZ ET ET 007 0T 077 aa’ 3" a7’ a> a>’ a>~

a»» a® a™ a™” A"’ G A’ T @™/ e vt e™ VT h pddt t t”

g g> g< kK k> ke v fzs /6/0/73SxXxx>ml!lnn!n i N> >
1 #1 IN YIN /2 " Ir™ *xr™ jwn ?)

RETURNSs a LIST
(AATRIX-COMPARE <LIST: matrix 1>
<LIST: matrix 2>)
Tnis runction takes two special matrices and compares them character
by character. A special matrix consists orf "+", "=0_ and “Wo", Ir
the characters are the same, then the same character is returned.

=lse, "0O" is returned,

SAMPLE: (MATRIX=COMPARE Z(+ + + = = =0 0 0)
/(+ =0+ -0+ -=20)) returns

(+000=000)

RETUkNS: a LIST

(MINLAIZE-FEATURES <LIST: list of features and their boolean signs>)
[nis function uses the IMPLIED-TABLE to minimize the given reatures.
Minimizing means tnat for any set ol reatures, there is a subset of
them which "captures" the entire set.

SAAPLES (MINIALIZ=-FEATURES “(+cons +obs =loja =lat)) returns
(+obs)
WeTURNSS  a LIST
(PHONEME=-CHANGE <ATO 43 phoneme 1>
<ATOAs  pnoneme 2>)

Ifhis function cnmpares two given phonemes and returns those features
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which differe 1he {eatura sian which {8 returned with narh foatura
is that of the sacond phaname (in accorrdanca with tha 1dea of cnanne),

SAYPLER CPHONLEAE=CHANGE ?d 2d7) roturns (+hih +tnsn)
\\flU\\t\S’ a l.lsl

(PHONGAE=DI FFExENCE  ATOM: phoneme 1>
<ATOMS pnoneme 2>)

Ihis function returns the feature names (without the sians) of those
fzatures which have opposite signs in the given phonemes.

SAMPLES (PHONEME=DI FFERENCE ?d 7d”™) returns (hign tnse)
KElTUuNSs a3 LIsT
(PAONEAE=FEATUKE=INTERSECTION <AIOQW: phoneme >
<LIST: features>)

Tnis runction returns the common features between the given reatures
and the pnoneme gsnerated features.

SAMPLES (PHONEME=FEATURE=INTERSECTION “b “(+cp -rnd +lab)) returns
(=rnd +lab) *
R=TUNS s a LIST

(PAONEXE-FEATURE=INTERSECTIONS <ATOi
<LIST-0r=LISTS

phoneme >
a list of feature lists>)

I'his function returns the common features between the given features
in the tha given lists and the phoneme generated features.

SAMPLES ( PHONEME=-FEATURE=INTERSECT IONS
H
/((+cp =-rnd +lab) (-rnd =loja +lab))) returns
(-rnd +lab)

H=TUANSs a LIST

(PAONEME=TWMPLIED=FEATURES <LIST: phonemes>)

Tnis Tunction converts a lis of phonemes into a minimal list or
distinctive features.

SAMPLES (PAONCHE=TUPLIZED=-FEATU®ES “2(S 3 s 2)) returns

(+obs +cont +cor)

HETUKNSS a LIST

(g ITE=DF  <LIST: new "untransposed" distinctive reatures table>)
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Ihis rtunction rewrites the qlobal variables DFAATRIX and DEIAATHITY
usiny the “untranspnse (' tormat,

(REWRITE=DIFT  <LIST: new "transposed" distinctive foaturaes tanle>)

[his function rewrites tne qglobal variavles DFTHATHIK and DFAATHIX
using the "transposed" format.

(Rewr [1eE=TAPLIED=TABLE  <NIL>)
Inis runction rewrites the qlooal variable IWPLIED=-TABLE by using

the runction DF=IYPLIED-FEATURES. Therefore, this process is very
time consuming. (lhat’s the whole point of having a tabie!)

*xkNOTEs  IMPLIED-TABLE is not rewritten when the DF table has neen
altered in any way. Tnerefore, when the user is don=s

fiddling with OF table altercations, he/she should invoke
this runction.

DISTINCTIVE FEATURES EDIT COMMANDS

(DISPLAY=DFHA Tk IX)

[his tunction displays tne current Distinctive ieatures taole.

RE[UxNS: display of DF table

(ADD-FEATURE=-3ERIKRE  <ATOids feature before >
<LIST: new feature and feature matrix>)

To add a feature to the DF table simply indicate whicn present feature
you wish to place the new feature before and follow it by the complete
new Ieature matrix.

SAMPLES (ADD-FEATURE=BEFORE “lab “(loja = = = = + . .e = =))

KETURNS s  MOKH --- action comnleted
W===\()=-4ATCH===" --- feature not matched

(ADD-PHONEME=BERIRE <ATOM: phoneme before >
<LISTs new phoneme and phoneme matrix>)

[n add 3 pheoneme to the DF table simply indicate which oreasent ohonene
you wish to place the new phoneme before and follow it by the complete
new phoneme natrix,

SAMPLEI: (ADD=PHONEME=BEFORE 2™ (2™ + = = + ., + =))

HETUKNG S POK® --=— action completed
W===p()~jA [CH===n -——= phoneme not matched
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(CHANGE =REA Tu Rl =aA fls <AToMe

<ALV

lhis command allows one to changn

tl"‘.‘\ 10 .
SAAPLEe

11} \)( "
W===N()=UATCH===

Wi lURNS 8

(CHANGE=PHONEME=-NAME  <ATOM4:

<ATOM

Ihis command allows one t
table,

SAMPLE®

RELTUINSS  WOK®

" ===NO-MATCH===4

(REPLACE-FEATU/E-MATRIX

(CHANGE=-FEATJRE

<A TO

nld rteature>
new feature>)

the name of a frnature in the [iF

(CHANGE=FEATJUKE=NAWE Ztnse “tans)

-== action completed
" -=-= feature not matcned

old phoneme>
new phoneme>)

3

o change the name of a phoname in the DF
-NAME “tnse “tens)
—-—— action comnleted

--- phoneme not matcned

#4s feature to replace>

<LISI[: new Teature matrix>)

I['o replace an existing feature matrix simply indicate tnhe name

®* O @ e e e o ¢ o oo o

«*

of the feature to replace followed by the complete fzature matrix.

SA4PLE: (REPLACE=-FEATURE=-MATRIX “lab “(lab = = + = ... = =))

K=TURNS s WOKY

W ===NO-MATCH==="

--= action completed
-—— Teature not matched

(REPLACE=PHONEME-MATRIX <ATO¥: phoneme to replace>

<LIST:® new phoneme matrix>)

I'o replace an existing phoneme matrix simply indicate the name
of the pnoneme to replace rollowed by the complete pnonems matrix.
SAMPLES (REPLACE=-PHONEAE=MATRIX “Zlab “(lab = = + = .. = =))

n ()K "n
W ===NO=-HATCH==="

-—-= action completed
-—-— phoneme not matched

RETURNS 8

(CHANGCE=BOOLEAN <ATOM: pnone2me name>
<ATOMs feature name>

<A'1'O.-|= LU or no o >)

o change an individual boolean character in the DF table, qgive
tne phoneme name, Ieature name, and either a “+" or a W-n,
SA4PLE:  (CHANGE=BOOLEAN ’b “rnd 7-)

noge -—-= action completed
W==={()=MATCr===M1 --— phoneme or feature not matched

RETUIKNS 8
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(FEATURE=Q D <LIsEs List of ALL the features in desired or far>)

To re=order the (eatures in the D tanle ons must 1ist ALL the
faatures in the Jdesired order.

SA4PLES  (FEATURE=OKDER 2(syl cons obs ... voi str))

RETURNS S OKY --- aclion completed
W===N0= A ICH===0 -=-- feature not matched

(PHONENME=OxDiz?  <LISTs list of ALL the phonemes in desired order>)

[o re-order the pnhonemes in the DF table one must 1ist ALL the
phoneme s in the desired order.

SAMPLE:  (PHONEME=OKDER “(i I u U e eea ™ jw ?2))

RETURNS s wKw --— action completed
N ===N()=-MATCH===# -—= phoneme not matched

DISTINCTIVE FEATURES RELATED FUNCTIONS

(DISPLAY-MATAIX <LISI-0OF-LISTS: given matrix>)

This function displays a given matrix which is a list in tne
fol lowing forms

[ (matrix-title heading=1 heading=2 ... heading-u)
(row=-title=i noolean-1 bnolean-2 ... boolean-y)
(row-title=2 noolean-1 bonlean-=2 ... boolean-=N)

(row-title-M poolean-1 boolean-2 ... boolean-={j) 1

1his function is specifically made to display boolean matrices.
Tne neadings are printed out vertically witn a special row for
one sub-cnaracter. Ihe row-title nowever, is limited to 4
characters,

HETU<NS® 2 display of the matrix
(SPLIT-MATIX <LIST=0F=LISTSs matrix to be split>
<NUMABEH ¢ split point >)
Inis runction splits up a the DF matrix when the number of onnolean
characters is greater than the Ysplit point® NUMBER. The headingas
and rou=titles are correctly rewritten in both halves so that tney

can ne imnediately displayed,

dETUCNS S the Lwo halves of tne matrix in a list

[ooLs
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CANY=IN  <LIST: are tnere any elements of this 1ist>
<LIb[s in tnis list? >)

It any element of the first list is in the second, this predicate
ranction returns "I, klse il

SA4PLES CANY=IN (A B C D E) 2(F G H D I)) returns
REIURNSE [ or NIL
(APUSH <LISIt® list to be altered >
<ATOM3 atom to be PUSHed onto list>)
I'nls macro is identical to the following:
(SET¥ list (APPEND atom list))

A2TURNS S 2 the new LIST

(BREAK=-INTO=-SEGMENTS <ATO#4: word or word segment>)

This function hreaks a word or word segment into a list of its
possible segments.

SAWPLES ( BREAK=INTO=SEGMENTS “puxa) returns
(puxa pux uxa pu ux xXxa p u X a)

RETURNSs a LIST

(CONBINATION-CDH <LISI: list of elements for combination>)

Ihis recursive function returns all the possible arrangements or
tne elements in the CUr of the given list.

SAAPLE:s (COMBINATION=-CD: (A B C D)) returns
((ABCD) (ACDB) (ADBC) (ABDC) (ADCZB3) (ACB D)

RETUANSs a LIST=-F-LISTS

(COMBINATION=00DEr  <LISTs list or elemants for combination>)

This function uses COMBINATION=CDK to produce all possiple
arrangements of all elemants.

SAMPLEs  (COMBINATION=HODER (A B C)) returns
(CA B C) (BCA) (CAB) (AcCB) (CBA) (BAZC)

defUNSs a LIST=0r=LISIS

(COMBINATION=PA L <LISTs list of elements for combination>)

e L o e e T T e e SE——— e
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Inis function returns all NON=OKDERED combination of PAIKS of the
elements,

SAGPLES  (COMBINATION=PALL (A B C 1))) returns
(CA B) (AC) (A D) (BC) (B D) (¢
WELTURNS S a LIST=0FR=LISTS
(CombInE  <ALOMdS atometo be combined>
<LISTs list or Ycombinees">)

COABINE combines the given ATOM with each element of the
given LIST,

SAMPLE:  (COMBINE A (B C D £)) returns
(CA B) (AC) (A D) (AE))

RETURNS® a LIST=-0+=LISTS

~~
(@]
b

o

M INE=APPEND  <ATOM: atom to be combined>
<LIST: 1list of "combinees">)

COABINE-APPEND comoines the given ATOM by APPENDing it with each
element of the given LIST.

SAAPLE:s  (COMBINE “A 7((B C) (DEF) (GH 11 J))) returns
((ABC) (ADEF) (AGHTI J))
#elUeNSe a LIST
(CONAON=ELEMENT <LIST: list #1>
<LIST: list #2>)
[nis rfunction returns all tne common elements of the two lists.
SA4PLE:  (COMMON=-ELEAENT 7(A B3 C) (B C D E)) returns
(B C)

KETUNS® a LIST

(COMAON=ELENMENTS  <LISI=0F=-LISTS>)

This runction returns the common elements of all the lists in
the given list,

SAAPLE:  (COMUON=ELEMENTS 2(CA B C D) (B C D E) (C D E)) returns

(¢ )

(COMAON=SEGHE LS <LIs[s 1ist of words»>)
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Inis tunction rataurns the common seaqgments of the agiven words,
Nate that this doas not return the UNIWJE seymont s boeauge it
is sometines usaoful Lo Ynow the number of ocurrencas nf a jiven
conmon se ment,
SAVAPLES  (COMMON=SEGMENTS 2 (Mississippl sip)) returns
(sip si s1i ip { s sissippi)
JELURNSS a LIST
(rIuST=N=ELEMENTS <LISTs list to be looked at>
<tNUMBERS nth element >)

Inis runction can return the nth element either from the front
to the back. [Inhe number must always be positive.

SAMPLE:  (FIRST=N=-ELEMENTIS (A B C D E) 3) returns
(A B C)
RETURNSs a LIST

(IN <ATOM: item we are looking ror>
<LIST: where we are looking >)

IN is a preticate function which returns "I¥ if the item is in
tne list and NIL ir it is not.

SAIAPLES (IN 2C 2(A B C ) E)) returns T

<ETURNS: T or NIL

( AAXI AU M=-CHAKACTER=-LENGTH <LIST: list of words>)

[nis function returns the length of the lonaest word in tne
given list.

SAM4PLEs (MAXTMJ4=CHARACTER=LENGIH 4 (tudo bem)) returns 4

HelUINSs a NUMBER

(AAXTAUM=SPEICAL=-WO®D=-LENGTH  <LIST: list of words>)
Inis function returns the lenjth of the lonjest word in the
given list but uses the SPECIAL-EXPLODE instead of the rejular
EXPLODE,
SAMPLES (MAXTAUM=AORD=LENGTAH 2(bv®?’3 bv®’32)) returns 4

HETUHNSS a NUABER

CAAYLIST <LiI5Ts of nunbers>)

WAALIST simply returns tae maximum valu2 ol a4 list oi numoers.
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SAMPLES CHAXLISLE 2C1 4 3 % 2 4 3)) returns b
RETURNS S A NI ER
(MEM350S  <Llols of items to look for>
<LIsls list to be searched >)
Inis preaicate runction searches a list for a list of items.
SAMPLE?® (MEMBERS (A B C) (X YZABCD)) returns T

W=lURNSE T or NIL

(AINLIST <LISL: of numbers>)
AINLIST simply returns the minimum value of a list of numhers.
SAMPLE: (MINLIST 2(3 4 3 1 2 4 3)) returns 1
RETURNS e a NUMBER
CAOVE=NTH=-TO=-rrRONT <LIST: list of elements >
<+=NUWMBER® nth element to be moved>)
I'hnis runction moves the nth element to the front of the list.
If the numer is positive, the nth element from the left is
moved., If negative, the nth element from the right is moved.
SAMPLE: (MOVE=NTH=TO=-FrRUNT “(A B C D k) 3) returns
(CA BDE)
Or (MOVE=NTH=TO=-FrONT (A B C D E) =2) returns
(DA BCE)
HETURNS® a LIST
(AUVE=TO=FRONT <ATOM: element to be moved>
<LIST: list of elements >)
[his function movas the given element to the front of the list.
SAMPLEs (HMOVE=NTH=-TO=FRONT “C (A B C D E)) returns
(CAEBEDE)
RETURNSs a LIST
(W[H-ELEMENT <LIS[s a list of elements>
<+=-NUMBE«3 nth element >)

I'his function gets the nth element of a jiven list. If th=
number 1is positive, the nth 2lement from the laft is ohtained,
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1§ the nunber is negative, the nth elamanl from the rignt is
obltained,

SAuPLE=s (NIH=LLEAENT 2CA B C D 1) 2) returns B
or (NTH=iLEMENT 2CA B C D E) =2) returns D)
ETUANS e an el ement
(WIHCHAR=-LIST  <LIST: a list of words >
<+=NU{BEHs nth character>
NTHCOHAR=-LIST is NTHCHAR applied to a list of arguments.
SAWPLE: (NTHCHAR-LIST “(como vai voce) 2) returns
(o a o)
or (NTHCHAR=LIST “(como vai voce) =2) returns
(ma c)
(<TUrRNS® a LIST
(U UBER=OF=0CCURENCES <AlTuM: item to be counted >
<LIST: list to be searchesd>)

This function counts the number of a specified item in a 7Jiven
list.

SAAPLEs (NUMBER=OF=0OCCURENCES A (A B D A F A G)) returns 3
2 =TURNS®  a NUMBER
(REMOVZ=CHARACIER <ATOM: character to be removed>
<LIST: list of words >)
Inis function removes a character from a list of words.
SA4PLES ( REMOVE=-CHARACTER “a “(faith and toast)) returns
(fitnh nd tost)
K=TUNSs a LIST

(=0 VE=-CHAKACIERS <LIST: characters to be removed>
<LISTs 1list of words >)

Inis function removes a list of characters from a list of words.

SAAPLES (RIZAOVE-CHARACIERS “(a t) “(faith and toast)) returns
(fih nd os)

dETURNSs  a LIST
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(REMOVE=rIRST=uCCurtEACE  <ATUMs item to ba removed >
<LI5[¢ list to be searched>)

[nis Tunction removes the first occurence of a speciiied item
in a given list,

SAPLES (REMOVE=[FIRST=0CCURENCE A 2(U I A O A E)) returns
(UTIT OAE)
RETURNS: a LIST

ist of elements to be removed>

(.’\f:r;\)\/hS <L131= l
' t list to be searcned >)

<LISI

This removes all occurences of the elements in the element list
from the 3iven list.

SAMPLE: (REMOVES (A B) (A B DA O NBE) returns (D ¢ n E)
<=TJuNSs  a LIST
(1=PLACE <ATOM4: old item >
<ATOM: new item >

<LISl: list to be searched>)

To replace an item in a list, give this function tne old name of
tne atom, the new name, and the list in wnich it is to be changed.

SAAPLE:S (REPLACE “A 70 (D A N E)) returns (D O N E)

K=iUainSs a LIST

( «ZPLACES <ATUM: old item >

<ATOM:s new item >
<LIST-0F=-LISTSs lists to be searched>)

To replace an item in a list of lists, give use this function tne

old name of the atom, the new name, and the list of lists in wnich

it is to be changed.

SAMPLES (KEPLACES ZA 70 2((D A W E) (F AR (N A W) returns
(DO NE) (FOR) (NOW))

(=lUaenNSs a LIST orF LISTS

(WEPLICATE  <ATO4S item to be replicated>

<NUMBEts number or replicas >)
ihis function creates a list of‘items which the user specifies.
SAdPLES (H=PLICATE “2%xSTAR* 3) raturns (*STAR* *STA* *STAK)

HETUKNSs  a LIST



(WBVERoES  <LIST=0F=LISI9s 1ist of 1ists tn bhe reverseds)
INis functions reversas a list of lists.

)

SAWPLES (REVERSES 2((A 3 .C) (1) E) (F))) returns ((C 8 A) (E DY (1))

(O TATE=LEFT <LISIt list to be rotated>)
Inis runction rotates the elements in the given list left.
SAVMPLES (ROTATE=-LEFT (A B C D £)) returns (3 C D E A)

n=lUNSs a LIST

(RO IATE-LIST <LISI: list to be completaely rotated>)

¢
&
.‘g
¢ RETUINST A LIST-01-LISTS
¢
]
]
L
¢

[his function rotates a list to left until it returns to its
original form.

® SAAPLE: (ROTATE-LIST “(A B C)) returns ((A 3 C) (B C A) (C A 3))
2=TUKNSs a LIST-0r=LISTS
®
(ROTATE=-RIGHT <LIST: list to be rotated>)
® Inis function rotates the elements in the given 1ist rignht.
° SAWPLE: (ROTATE=-KIGHT 7(A B C D E)) returns (B C D E A)
R=TUKNSs a LIST
®
(HREAOVE  <ATOMs element to be removed>
® <BOUND=-ATOM: 1ist to be altered >)
[nis macro is identical to KEMOVE except ror the fact that tne
® list given is permanently altered.
SAGPLES (SETQ L 2(A B Cc D))
4 (RREMOVE “A L) returns (B C D)

I. is now bound to (B C D)

LETURNSs  a L1ST

(WA ETURN  <BOJND=ATOMs name of list to be reverse=returned>»)

[his macro is identical to the REIURKN in a PHUSG except that it
reverses tne list berore it returns it.

SAAPLES Chig: LU iA=LIST) 15 identical to

o o A & o
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CRETURN CREVERSE NEW=LISTE)) in a2 PROG
NETUANS e a LIST
(SEPARA TE=EXCEPTIUNS  <LISTs list ol elements >
<NUMBE«s  number which constitutes an exceptinn>)
[his Tunction separates Lhe elements of a 1ist into “reqgular” an-
"exceptional®™ elements. [he "reqgular" elements are thnse elenents
whiecn occur more than tha specified number for an excentinn,
SAGPLES (SEPARATE-EXCEPTIONS “(s 2z s e”z s 2 2)) returns
((s z) e”z)
RETUKNS S a LIST: CAR =-- the LIST of "reqgular" elements
Ci == the LIST of tne "“exceptions™”
(SHORT=ST=CDk=LISTS <LIST-0F-LISTS®¢ given lists to be examined>)
[his function returns the lists which have the shortest Coxs.
SAMPLEs (SHORTEST=CDr=LISTS 7((A B C) (A D) (A B) (D E F)) returns
((A D) (A B))

A=1UxnSs a LIST-0F-LISTS

(510 TEST-LIST-LENGTH  <LIST-0F-LISTS: given lists to be examined>)

ihis function returns the length of the shortest list lenyth of
tne jiven lists,

SAMPLES (SHORTEST-LIST-LENGTH 2((A B C) (A B) (A B C D))) returns 2

<ETUKNS s a NUJ4BEX

(SPECIAL=-EXPLIUDE <ATOM4: word to explode>)
[nis function is used to explode words wnicn are spelled usingy the
phonetic notation in tne DF table. Tnis is needed because there is
often more than one ASCII character to represent a phoneme.
SAMPLE: (SPECIAL=-EXPLODE “*%r®a™’p) returns (*r® a™ p)

<=lU«NSs a LIST

(SPECIAL=NTHCUHA K  <ATOMs word to be searched >
<+=NUMBErRS , nth special character to be returneds>)

Inis function is used to get the nth character of a special word.
(SPECIAL meaning that it uses SPECIAL-EXPLODE Tor phonetically
spelled words),
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SAMPLIzS (OPECLIAL=WTHCHAR 2%r™a™%p 2) returns a™/
ARlTUNSE  an ATud

(SPECIAL=NTHUAAR=LIST <LIoTs words (o be searcned >

<t=NUMBEKS  nth spacial character tn be returneds)

this function is used to 7Jet the nth character of a list of spacial
wordss (SPECIAL meaning that it uses SPECIAL=EXPLOD: for pnhonatically
snelled words).
SAMPLES (SPECIAL=NTHCHAR® 2(*r®es da~’p ok) 2) returns (2 a~’ »n)

ReEIUxNSe  an LIST

(SPLICE <ATOM: old item >
<LISIMe® list to be spliced in place of the old item>
<LIST: list to be searched >)

To splice a list into a list, give this function the old name of
the atom, @ list ot be spliced, and the list into which it is to
be spliced,.

SAAPLES (SPLICE ZA (0 WN) 2(D A E)) returns (D O N E)

)

a

(AY]

TUrNS: a LIST

(SPLICES <ATOm 2 old item >
<LIST : list to be spliced in place of the old item>
<LISI[=0F=LISIS: 1ist to bhe searched >)

{o splice a list into a list of lists, give this function the old
name of the atom, a list ot be spliced, and the list of lists into
wnich it is to be spliced.
SAMPLE:s (SPLICE A 2(0 N) 720w A) (T A))) returns ((d O N) (T O &)
K=TU¢NSs a LIST-0F-LISTS
(SPLIT-LIST <LIST : list to bhe split>
<+NUMBEHR: splitting point >)
[o split a list in two, simply send this function the list to be split,
and the number of the element which is to be the CAKR of the second
nAalf,
SAMLPLES (SPLIT=-LIST 2(A B C D E) 3) returns ((A B) (C D E))
KefUNSes a LISTs CAR == first nalfr
CADt == second half
(54UASH  <ATO4:  front atom to bhe squashed>

<ATo+4s  back atom to be squasned >)

[nis function squashes two atoms into one, Ir one of the atoms is NIL,
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thon the other atom returned,

SAMPLES (SIUASH Zcom ’pound) returns “compnund”

RETUINSS  an ALTOM

(SQUASH=LIST <LISI® list of atoms to be squasned>)

[his function squashes a list of atoms into one, If one of th2 atoms
is NILs tnen the other atoms are squashed,

SAAPLES (SJUASH (M iss iss ipp 1)) returns "Mississippi®
k=zTURKNSe an ATOM
(SIxING=SUBS=T <ATOM: subset to be searched for>
<ATOM: word to be searcned >)
Inis function searches a word for a given subset and divides the word
into thres piecess: - segments before the subset, the subset itself, and
segments arter the segment.
SAAPLES (STRING=SUBSET “guard “irreguardless) returns
(irre quard less)
RETURNSs a LIST:s 1Ist element —== segment before
2nd element =-- subset being searched for
3rd element =- segment after
(STIP=ONE=IEVEL <LIST:s 1list to be stripped>)

Tnis ftunction strips one set of parenthesises from every element
in the list.

SAMPLES ( STRIP=ONE=LeVEL 7((A B C) (D (E F)))) returns
(AB CD (E F))

{ETURNSs a LIST

(FALLY=ELEWENTS <LISIs 1list of elements to be tallied>)

Tnis function tallies all the elements in a list and returns the
nunher of occurencas of cach element.

SAMPLES (TALLY=ELEMENTS (A B CADABE D)) returns
((A 3) (B 2) (1) (D 2) (£ 1))

R=TUuNGS a LIsT

(THANSPOSE  <LIS[-0t=LISiSs a list of lists to be transposed>)

Inis rtunction transposes a list or lists mucn like a matrix is
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transposed in mata. Anolher way oI thinking about it is reversing
tha rows and colums of 3 table., [If there are any hlanks (or WILs),
they are removed,

SAAPLE: (CTRANSRPOSE 2((T S 5 D) (K P E) (A 0) (N))) returns
(CF W A N) (S P O) (S E)Y (D)

RETUaNSs a LIsT=0F=LISTS

(UNIQUz-EL=MENTS  <LISTs a list to be searched for unique elements>)
Ihis function returns a list of the unique elements of the given list.
SAMPLE: (UNIQUE=ELEMENTS (U N U N T U o I UE)) returns
(UNT W UE)

R=TURNS:s a LIST



(O ADD=prEA TURE=BEEONE: CBEFORE Nis V=FRATURE)
‘ (P0G (Nen=dATRIX FREALTURE=LTIST)
(ConD LONOT I BiEronk (LIST=FEATURES))) (RETURN 2 ===0=4AiCH===)1])
(ST Q NEW=SATRIX (LIST CCAR DETUATHIX)))
(SETw FEATURE=LIST (CDR DFTUATHIX))
N XT=FEATU R
(COND LC(EQUAL BEFORE (CAAR FEATUKE=LIST)) (PUSH NEAH=-MATRIX HEN=FEATUKE) D)
(COND [ONULL FEATURE=-LIST)
(RENRITE=DFD (REVELSE NEA=MATHIA))
(RETURN 20K) 1)
(PUSH NEN=AATRIX (CAR FEATURE=LIST))
(PP FEATURE=LIST)
(GO NEXT=F=ATUKE)))

4

(0 ADD=PHONEME=-BEFORE (BEFORE NEAW=PHONEKE)
(PROG (NEd=MATRIX PHONEME=-LIST)
(COND LINOT (IN BEFORE (LIST=-PHONEMES))) (RETURN 7 ==={0=4iATCH===)1)
(SETQ NEW-MATRIX (LIST (CAR DFMATHIX)))
(SErQ PHONEME-LIST (CDR DFMATRIX))
v XT=PHONE ME
(ConD [(EWJAL BEFORE (CAAR PHONEME=-LIST)) (PUSH NEW=MATRIX NEA-PAGNEME)])
(COND [(NULL PHONEME=LIST)
(RENRITE=DF (REVEKSE NEA=MATKIX))
(RETURN 70K) 1)
(PUSH NEW=-HATRIX (CArR PHONEME-LIST))
(POP PHONEME-LIST)
(GO NEXT-=-PAONEME)))

(D= ANY=IN (LIST-1 LIST-=2)
(PrOG NIL
NEAT=ELEMENT
(ConD [CIN (CAq LIST=1) LIST=2) (RETURN T)1
[C(NULL LIST=1) (RETUxN NIL)IJ)
(POP LIST-1)
(GO NEXT=EL=MENT)))

(24 APUSH (BODY)
(LIS 25:Td (CADr BODY) (LIST “APPEND (CADDik BODY) (CADr BODY))))

(UV BOJUNDRIES (% + s =))

(s CAANGE=BOOLEAN (PHONEM:z FEATUKE BOOLEAN)
(P0G (BOOLEAN-MATRIX FEATURE-LIST NEW-MATRIX)
(SETQ BOOLZAN=MATRIX (PHONEME=MATRIX PHONEME))
(SETQ FEATURE=LIST (LIST-FEATURES))
.w:)il-‘_“)OLLEA“J
(COND [(CNJLL BOOLEAN=-MATHIX)
(COND [(NULL NEW=MATRIX) (RETURN Z===N0=MATCH==:=)]
[T (REPLACE=-PHONEME=-MATRIX
PrAJNE ML
(CONS PHONEME (REVERSE NEW=MATKIX)))
(RETURN 20K) 1))
[CEQUAL FEATURE (CAk FEATURE=LIST)) (PUSH NEW=MATRIX B00LEAN)]
(I (PUSH WEA=MATRIX (CAR BOOLEAN=-MATRIX))])
(POP BOOLEAN=AATRIX)
(POP FEATURE=-LIST)
(GO NEXT=BOUGLEAN)))

(e CHANGE=FeATURE=NAE (OLD=FEATURE NEW=-FEATURE)

®* % % % ® 9 ® P 9 9 ° @ * o O > > 9 2
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(COND [TCIN OLD=FEATURYE (LIST=FEATUKIES))
(REPLACE=F:z ATURE=MATRIX ‘
OLD=ELATIRLE
(CONS N V= H:ATURE (FEATYRE=AATRIX OLD=FEATURE))) ]
(I 2===i0=-fAlCH===]))

(0% CHANGE=PHONEME=NAME (OLD=PHONEME NEW=PHONEME)
(COND [CIN OLD=PHONEME (LIST=PHIONEMES))
(s PLACE=PHONEME=MATQIX
OLD=-PHONEME
(CONS NEN=PHONEME (PHON:UE=MATRIX OLD=PHONEME))) ]
(1 2===N0-{ATCH===]))

(D CoMBINATION=COK (GIVEN=LISI)
(Con [(NJLL (CODk GIVEN=LIST)) (LIST GIVEN-LIST)]
(I (Q)ABINS=APPEND
(LIST (CAr GIVEN=LIST))
(STRIP=ONE=LEVEL
(MAPCAR ¢ (LAMBDA (A=LIST) (ROTATE-LIST A-LIST))
(COMBINATION=CDR (CDR GIVEN=LIST))))) 1))

(D= COMBINATION=ORIER (GIVEN=LIST)
(HAPCAR “CDrR (COMBINATION=CDR (CONS “* GIVEN-LIST))))

(D= COMBINATION=-PAIR (GIVEN=LIST)

(PHOG (PAIR-LIST NEW-LIST)

NEXT=-5RrOUP
(COND [(NJLL (CDx GIVEN=LIST)) (KRETURN NEW=-LIST) )
(SETQ PAIx-LIST (CDR GIVEN-=-LIST))

(APUSH NEW=-LIST (REViERSE (COMBINE (CAR GIVEN-LIST) (CDR GIVEN-LIST))))

(POP GIVEN-LIST)
(GO N=EXT-GrOUP)))

(D= COMBINE (ROOT GIVEN-LIST)
(4AAPCAR 2(LAMBDA (ELEMENI) (LIST ROOT ELEMENT)) GIVEN-LIST))

(U= COMBINE=APPEND (ROOT GIVEN=LIST)
(4APCAR Z2(LAMBDA (ELEMENT) (APPEND ROOT eLEMENT)) GIVEN-LISI))

(= COAMON=ELEMENT (LIST1 LIST2)
(PrOG (NEA=LIST)
WE XI=ELEMENT
(COND [(NULL LIST1) (RRETURN NEW=LIST)]
[CIn (CAR LISL1) LIST2) (PUSH NEW=LIST (CAR LISII))1])
(POP LISTI)
(GO NEX[=EL=zMENT)))

() COAMION=ELEMENTS (GIVEN=-LIST)
(P0G (PrVIOUS-LIST)

(Conn [CNULL GIVEN=-LIST) (RETURN NIL) 1)
(SEIW PV IOUS=LIST (CAr GIVEN=LIST))

NeEA1=LIST
(POP GIVEN=LIST)
(COND [CHNULL GIVEN=LIST) (WRETURN PREVIOUS=LIST) )
(SETQ PHEVIOUS=-LIST (COMMON=ELEMENT PREVIOUS=LIST (CAR GIVEN=LIST)))
(GO NEXI=LISI)))

(e COAMON=SEGAENTS (ORD=-LIST)
(P0G (SEGUENT=-LIST)
(SETW SeGHENT=LIST (BREAK=INTO=SEGUENTS (CAR wWORD=LISI)))
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NEXT=NOKD

(POP NQai=L1ST)
(COND [LONULL wORD=LLIST) (s TURN SEGNENT=LIST) )
(SEITQ SkodianI=LIsT

(COMMON=L Lt N |

St ENE=LIST

BREAK=INTO=SECHENTS (CAR WORD=LISI))))

(GO NEXT=vOrD)))

(08 COMPARE=LIST=0r=SLOTS (GIVEN=LIST)
(STalP=0nk=LEVEL
(STRIP=0ONE=LEVEL
(MAPCAR Z(LAMBOA (A=LIST) (COMPARE=SLOTS A=LIST)) GIVEN=LISI))))

(DF CONVERT=PHON:MES=-TO=MATRIX (PHONEME=-LISI)
(P0G (NEN=MATRIX NeEXT=MATRIX)

(SETQ NEW=VYATKIX (PHONEME=MATRIX (CAR PHONEME=LIST)))

N= XT=COAPARE
(POP PHON:W==LIST)
(COND [CNULL PHONEME=-LIST) (RETUKN NEW=-MATHIX) )
(SETQ NEXT=MATRIX (PHON=ME=-MATKIX (CAR PHONEME-LIST) )
(SETY NeW=dATRIX (MATRIX=COMPARE NEW-MATRIX NEXT-MATRIX))
(GO NEXT=CO4PAKE)))

(= COWPARE=SLOT (CIVEN-LIST)
(P0G (NEW=LIST CAR=1 CAR-2 SLOT-COUNT SLOT=LIST=1 SLOT=LIST=2 ENVIRONYENT)
(SEIJ ENVIRONMENT (CAR GIVEN=LIST))
(5=TQ SLOT-LIST=1 (CADK GIVEN=LIST))
(SETQ SLOI-LIST=2 (CADDR GIVEN-LIST))
(SETW SLOI=COUNT 1)
wX1=SLor
(SETQ CAu=1 (CAx SLOT-LISI=-1))
(5570 CAR=2 (CAR SLOT=-LISI=2))
(COND [CNULL SLOT=-LIST=1) (KRETURN (LIST NEW=LIST ENVIRONMENT))]
[ (EJUAL CAR=2 “*STAR%*)
(PUSH NEAN=LIST
(LIST (SQUASH=LIST (LIST “*1 SLOT=-COUNT “+)) CAR=-1))1]
[(EQUAL CAK=1 2%STAQ*)
(PUSH NEN=LIST
(LISI (SWUASH=-LIST (LIST “#%D SLOT=COUNT “%)) CAr=2))1
[(NOT (EQUAL CAw=1 CAR=2))
(PUSH NEn=LIST
(LIST (SQUASH=LIST (LIST “*C SLOT=COUNT “%))
CAR=2
(PHONEAE=CHANGE CAk=2 CAR=1)))1)
(INCE SLOT=COUNT)
(PoPr SLOT=LIST=1)
(PP SLOT=LIST=2)
(50 NEXT=SLOT)))

( ): COAPARE=SLOTS (LIST=0rF=LISTS)
(Wl (RULES)
(Sl HUILES
SHORIEST=CDr=LISIS
(MAPCAK 7 (LAABDA (A=LISI) (COMPARE=SLOT A=LIST)) LIST=0:=LISTS)))
CIAPCAKR ZCLAMBDA (A=LIST)
(COMBINE (CAx A=LIST) (COMBINATION=OGDER (CADR A=LIST))))
RLES)))

()f: 'Jitl-ftll‘:")'i/\lljnnf “'lf/\l.xh“i)
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(P aG (N .n"‘.'\ll\l\' FeATURK=LIOL)

(SELY FEATYRL=LISE (LIST=rEATURES))
(COND LONO LT (L FEATURE FEATUKRE=LIST)) (RETURN 2 ===NO=4ATCH===)])
(SETQ Nn=dATRIX (LIST (CA DEIMATRIX)))

Nt XT=rEATU RE

CCOND [CNJLL FEALTURE=LIST)

(RENKRITE=DFT (REVERSE NEW=MATIX))

(RETURN 20K) ]

(CNOT (LQUAL rEATUGE (CAR FEATURE=LIST)))

(PUSH NEW=MATRIX (ASSOC (CAQ FEATURE=LIST) DFTMATRIA)) )
(POP FEATURE=LIST)
(50 NEXT=FEATURE)D))

DE DELELE=-PHONEME  (PHONEME)

(NEA=MATRIX PHONEME=LIST)

(SETQ PHONEME=LIST (LIST=PHONEMES))

(COND [ENOT (IN PHONEME PHONEME-LIST)) (RETUKN 4 ===NO-MATC{===)])
(SEIY NEW=MATRIX (LIST (CAx DFMATRIX)))

NEXT=PHONEMS

(ConD) [CNULL PHONEME-LIST)

(REWNRITE=DF (REVEKSE NEN=-MATRIX))

(RETURN 20K)]

[CNOT (EQUAL PHONEMZ (CAR PHONEME-LIST)))

(PUSH NEW=-MATRIX (ASSOC (CAr PHONEME-LISI) DFMATRIX)) 1)
(POP PHONEME-LIST)
(GO NeXIT=PHON:=#ME)))

DEGATRIX ((ENGLISH syl cons obs cont nigh back tnse cp cor lat rnd 12b

lojanas voi str) (i + = =+ + = ¢+ = = = = = - - + =)

(17 + = =+ 4+ = F = = = = = = = + +) (iT + = =+ + = + = = =

- —_ =t + =) (1T + = =+ F = F = - === - + + +)

([ + = =+ + = === == == = + =) ([ + = =+ 4+ = = = = = =
- - =+ +) (]IT + = =t - = .- - - - - - + + =) (IT7 + = - +

R + + +) (U + = =+ + + + = = = + = = = + =)

(U + = = + + + + = = = + = = =+ +) (U + = =+ + + + = = -
+ = =+ + =) (U7 4+ = =+ + + + = = = F = = F+ + +)

(J + = =+ + + = = = =4+ = = =+ =) (U’  + = = + + + = = = - +
- —_ =t +) (U7 = =t ot F === -t ==+ =) (U - -+

I R e e 2 20 T O T S e S R P + =)
(37 4+ = = 4+ = = + = = = = = = = + 4+) (BT = = F = - - = =
- ==t + =) (7Tt = =t == =t .. = - - - + + +)

(O + = = + =+ 4 = = = + = = = + =) (0 + = = + = + + = = = +
- ===+ +) (07T + = =t = F = = = ==+ + =) (07 + - - F

T e S SR N T 30 I (U O U + =)
(B2 + = = 4 = = = = = = = = = = t4) (BT + = =+ = = = = - -
- — =t bk =) (FT = - o = e - e e e e = - + + +)

() # = = + = + = = = = % = = = %+ =) () + = = + = + = = = = +
- = =4+ +) ()7 + = =+ =t = = m - ==t o+ =) (VT - =+

e e T S I (- T + =)

(37 4+ = = 4+ = = = + = = = = = = + +) (87 + = = + = = = + = =

- ==t + =) (07T t = =t = .= f - -- - - + + +)

(A> 4 = = + = + = 4 = = = = = = + =) (A2 + = = + = + = + = =
- e =+ ) (A>T t = =t =t =t - - - - - + + =)

(3577 + = = 4+ = + = 4+ = = = = = + + +) (A% + = = + = + = + =

- F == =t =) ("t = =t =t =t = -t ===t +)
(3" 4 = =+ = 4+ =+ = =+ = =+ + =) (A7 = =+ = k- + =

- ==t t) (L=t - - - - - - + - + =)
(1 4 = = 4 = = = - = = - + =4 +) (O + = =+ = = - - - -
- =+t t+t + =) (Tt ==t = - = . - - - - + + + +)
(B + = = § = + = = = = = = = = F =) (VY 4+ = =+ = 4 = = = =
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I 2 T (S e S S B el S ) |
(V™ 4 = e o = e mmom b 4) ()= d == - m -~
e I T s T T S S I €0 I R
B T T T T B O RN I I I A e D
& (L = 4 4 = = e e e b = mmem= =) (L™ =+ 4 =t = =t = =
g - = e = =) (g =t =t =t === e = = =) (> =+ =t
Tt = = = e e a =) (g =k =t - - - - - -t =)
(K =+ + = 4 = 4 = e e e mm=) (k> =+ + =+ F + = = = =~
" - = = = =) (k€ =+ + = + + t = = - f === ==) (V= F At -
_ e e e e = e =) (I =ttt = e e m = e = = = = =)
(Z = + + + = = = = § = = = = = =) (5§ =+ ++ = = = =+ = =
e R B O B N R D B 7% B A e
R el N V25 Rt i e . I I I T T
. (S =+ + + + = + = + = = = = = = =) (X =+ +++ -+ -~ = -~
@ - m = = =) (X> =+ Attt = m == - === =) (N - - - -
T T e R G T e it T e A
(N =+ = = = = = =+ == ==+ 4 =) (In+ + == = ===+ = =
f - =+ + =) (N=+t = =4 =+ =+ = ===+ 4+ =) (> = + = = +
-— 4t = = == = =+ 4+ =) (IN>F F ===t === ===+t =)
P (1 = % = %+ = = = = 4+ + = = = =+ =) ()] = + = +# = = = = + + =
~ === =) I\ =+ =+ =t m === ===+ =) (N =4
— = = =t ===+ =) (2 =t = - m = =+ - === -+ =)
(r* =+ = + = = = 4 = = = = = =4+ =) (Ir" + + = + = = = + = =
® R e T € e i
(j ===+ 4+ =4 = = = = == =4 =) (¥ - ==+ + + + - - - +
- ==+ =) (h=# =+ = === = = == ====)({ -+ + ===
e - = == === =)))
® FTMATRIX (CENGLISH 1 i7 i i~ I 7 I "™ uu’” uwu™ U U2 U” U™ e e/
e~ e~ 007 07 07/ E E/4 ETE™ 0 07 07 07 a a’ a” av’ a>
a>/ a>”~ a»~7/ 3" a™’ 3" a7/ g ¢~ W’ e VvV e™ v b p d
d* t t" gg>g< k k> ke« v zs /6/8/3Sx x>mlimnl!lnN
o > IN> 1 %1 IN MIN /2 " Ir® xr™ jJwh ?) (syl + + + + + + +
+ + 4+ + + + + + A+ F+F++ A+ F O+
+ + + + F+ tt At FFF - mmmm - - m - - - - - - -
' B T T T e S Y |
(CONS = = = = = & = = = & = = & @ = == = a === ===-=--=
T I e A S SN S
® +F ++ + F+F ++t A+ F Attt R+ + 4+
+ + = =+ +) (0D = = = = = = = = = = = = = = = = = = = - -
e T A A SN S S R T S S S R R S S S T YRR S —
- - = = = = = == == 4) (cOnNt + + + + + F+ F+ + T + F+ + v + +
+ ++ + +++F P+ A+ T
® + + 4+ F tF F m == - m = mm - - ==+ttt -
- - ===+ ++t+ + =+ ++ + + + =) (high + + + + + + + + +
e e e e
® B et it s S R S S NP S
-~ + = = = =ttt F = = = - = ===t + ==) (hack - = =
B I I S S A el T T R T T R S S
® O T T T N S VTN S U AU R T O TR T
R e T e T T S RS P
(tnse + + + + = = = = + + + + = = = = + + + + + + + + = = =
& s oy S e
t 4+ + + + t F === =ttt tt t e ==ttt = - - - -
- =4+ + = =) (D = = = = = = = = = - - - == === ==
®- BT T N S S I I I i S e
o -~ - =+ttt F === =) (COr = = = = = = = = = = = = = = = =
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________________________ $ f o = e -
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----- Y €10Ja = = = = s e S e s e e s e me e s e e e
---------------------- + + k- - - =
----------- ) (NAS = = + + = = + + = = + + — - + +
-~ =+ t = =t ==t t m =t F ==t - =+ F -+ + - =
S S T T - e e e e e e e - - - - + +
L I S e e ) (voi + + + + + + + + + +
LR T T T R SN T S S S T ST I S I I
LR T T N T T A S SR S S S e s Tl
+ = = =+ + + + + + + + -+ + + 4+ + -4+ + = =) (str - + - +
-t =+ =+ =t =t =t = F =+ = F =+ =+ = F = F =+ = +
-+ =+ = F =+ =+ =t =t = F = F = = === - = = = = = =
----------------------------- )))

(D= DISPLAY-DFMATRIX NIL
(P oG (DFEIATRIX=-AINUS-TITLE THO-HALVES BOOLEAN=-LIST SPLIT-POINT)
(SETQ DEMATRIX=MINUS-TITLE (CONS (CDAw DFTMATRIX) (CDR DFTIATRIX)))
(I=zPrI)
(PRINC (CAAR DFTMATRIX))
(COND [(LESSP (LENGTH (LIST=-PHONEMES)) 66.)
(DISPLAY=-MATRIX DFAATRIX-MINUS-TITLE)
(RETURN T)1)
(S5ETQ SPLIT=-POINT 2.)
(SETQ BOOLZAN=-LIST (FEATURE-MATRIX “syl))
v XI=800LE AN
(COND [(NOT (EWUAL (CAk BOOLEAN=LIST) ’-))
(POP BOOLEAN=LIST)
(INCk SPLIT=-PUINT)
(GO NEXT=300LEAN) 1)
(5TU TWO-HALVES (SPLIT=MATRIX DFMATRIX=MINUS-TITLE SPLIT-POINT))
(DISPLAY=HATKIX (CAR TWO=-AALVES))
(COND [CHOT (NULL (CADi TWO=HALVES))) (DISPLAY-MATRIX (CADwi TWO-AALVES))]
)
(LETURN T)))

()= DISPLAY=MATRIX (GIVEN=HATRIX)
(7 d0C (FEATUKE=LIST BOOLEAN=LIST PHONEME=LIST SPECIAL-COUNT CHARACTER SUB=FLAG
FIRST=CHARACTER=LIST FLAG=PHONEMES)
(SEIQ FLAC=-PHONEMES (CAx SIVEN=MATRIX))
(5210 FEATURE=LIST (CDyg GIVEN=MATKRIX))
(COND [CANY=TN (WTACHAR=LIST FLAG=PHONEMES 1.) SPECIAL=SUB=CHARACTERS)
(SEL4 FLAG=PAUNEAES
(kEMOVE=CHAKACTERS SPECIAL=SUB=CHARACTERS FLA =PHONEMES))
(SET) SUBd=rLAG 1) 1)
(Se1w SPECTIAL=COUNT (MAXTAUM=CHARACIER=LENGTH FLAG=PHON:EMES))
e A l=CHARACT =L INE
(COWD [C2EROP SPECIAL=COUNT)
(CudD [SUB=FLAG (SETQ FIST=-CHARACTER=-LIST
(NTHCHAR=LIST (CAx GIVEN=MALHIX) 14))

>
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(

(1P
(TAB 0.)
(00 NEXT=SU3=CHARACTIEI) ]
UL CLEgPRrD) (GO PRINT=FEATUEYT) D)
(5E1Q PHONGEE=LIST FLAG=PAONEMIES)
(izabPal)
(1A3 0W)

X T=CHARACTER

(COND LONLL PHONEME=LIST) (DECR SPECIAL=COUNT) (GO NeXI=CHARACTZx=LIHE)]

)

(SETW CHARACTER (NTHCHAR (CAR PHONEME=LIST) SPECIAL=COUNT))

(ConD [ONULL CHARACIER) (SPACES 1.,)] ([ (PRINC CHARACTER) 1)

(POP PHONEME=LIST)

(GO NEXT=CHAKACTER)

- X1 =SUB=-CHARACIER

(COND [(NULL FI{SI=CHARACIER=LIST) (TE«PRI) (GO PRINT-FEATUXE)]
(CIN (CAR FIRST=CHARACTER-LIST) SPECIAL=-SUB=CAA{ACTE<S)
(PRINC (CAR FIKSI-CHARACTER-LIST))]I
[T (SPACES 1.)1)

(POP FIRSI=-CHARACTER=-LIST)

(GO N=XT=SUB=CHARACIER)

R INI=-FEATUKE

(COND ((NULL FEATURE=LIST) (RETURN 1)1)
(PRINC (CAAR FEATURE-LIST))
(SETQ BOOL=AN-LIST (CDAk FEATURE-LIST))
(POP FEATURE-LIST)
(TAB 6.)
- XT=-300LEAN
(COND [(NULL BOOLEAN=-LIST) (TEXPRI) (GO PRINT=-FEATURE) 1)
(PRINC (CAR BOOLEAN=LIST))
(POP BOILEAN=LIST)
(GO NEXT=-BEOOLEAN)))

£ ENVIRONMENT=DIRECTION (MOWPH-LIST DIRECTION)

(P0G (NEA=LIST COUNT LIMIT)

Iy

(SETW LIMIT (ADD1 (MAXIMUM=SPECIAL-WORD=-LENGIH MORPH=LIST)))
(COND L(LESSP DIRECTION @.) (SEIv LIMIT (MINJS LIMIT)) (SET4 COUNT =1.)]
(T (SETQ COUNT 1.,)1)

EXT=LENV IKONMENT

(COND [(EJJAL COUNT LIMIT) (RRETURN NEW=-LIST)1I)

(PUSH NEW=-LIST (NITH=-ENVIRONMENT MORPH=LIST COUNT))

(COuD [CLESSP DIRECTION 9¥,) (DECR COUNT)] (T (INCR COUNT)1I)
(GO NEXT=ENVIRONMENT)))

(= FEATURE-DIFFERENCE (MATRIX)
(P0G (FEATURE=LIST FEATURE=DI FFERENCES)

|
ini

(.-

()=

PiHOG (NEA=MATIRTX)

(

(SETW FEATUxE-LISI (LISI-FEATURES))
XT=rEATURE
(CoiD [(NnULL MATRIX) (RRETURN FEATURE=DI FFERENCES) ]
[(EQUAL (CAR MATRIX) Z0)
(PUSH FEATURE=DIFF:=KENCES (CAn FEATURE-LIST)) )
(POP HATRIX)
(POP FEATURE=LIST)
(GO NEXT-FEATUKE)))

FEATURE=AATRIX (FEATURE) (CDR (ASSOC FEATJURE DFTMATKIX)))
FEATUQE=UrDEC (FEATURRE=LIST)

(SELY NEW-MATIX (LIST (CAx DFIMATRIX)))
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NEXT=tEA TURLE

(CouD) LONULL rEATURL=LLST)
CRENG T =DEL CREVERSE NEd=dA L[ £))
(R TURN 20K) )
CCIN CCANR FEATURE=LIST)Y (LISI=FEATURES))
(PUSH NEA=AATRIX (ASS50C (CAK FEATURE=LIST) DFTAAT21/4))
(POP 1A TURE=LIST)
(GO NEXT=FEATUKE) )
(T (RETURN ? ===NO=-MATCH===)])))

(D FEATURES (MATRILX)
(PROG (FEATURE=LIST FEATURES=FOJND)
(SETQ FEATURE=LIST (LIST=rFEATURES))
WEXT=FEATURE
(COND [ONULL MATRIX) (HRETURN FEATURES=FOUND)]
Lo T (EQUAL (CAR MATRIX) “0))
PUSH FEATURES=FOUND (SJUASH (CAR MATRIX) (CAR FEATURE=LIST)))1)
(POP MATRIX)
(POP FEATURE=LIST)
(GO NEXT=FEATUKE)))

(D FILL-STAR=-SLOLS (GIVEN=-LISI LENGTH=-TO-BE)
(#ITH (LENGTH=-0F-LIST LENGTH-DIFFERENCE)
(SZ1W LENGTH=OF-LIST (LENGTH GIVEN-LIST))
(SEIJ LENGTA=DIFFERENCE (DIFFERENCE LENGIH-TO=-BE LENGIH=-OF-LIST))
(SPLICES “*DUMMY*
GIVEN=LIST
(COMBINATION=O1DER
(CONS 7*DUMiY* (REPLICATE “/*STAR* LtNFIH—DI:tc( NCE) )))))

(D= FIND=NEX[=1ULZ (UNIQUE-LIST GIVEN=-RULE HULE-LIST)
(P0G (NEN-LIST RULE SAVE-RULE=LIST)
(5=TQ SAVE=-RULE=-LIST RULE=-LIST)
(SETQ NEW=-LIST (LIST GIVEN-RULE))
W= XI=1ULE
(5=Tu RULE (CAK RULE-~LIST))
(COND [(NULL gULE=LIST) (RRETURN NEW=LIST)]
(CAND [IN (CAAK gULE) UNIQUE=-LIST]
(NOT CIN (NTH==LEMENT (CAH RULE) 2.) UNIQUE=LISI) )
(PUSH NEwW=LIST
(COMBINE GIVEN=RULE
(FIND=NEXT-RULE
(UNTQUE=ELEMENTS
(APPEND UNIQUE=LIST
(FIKST=-N=LEMENTS (CAx HULE) 2.)))
(ULE
SAVE=RULE=LIST))) 1)
(POP ‘HULE-LISI)
(50 NeX[=#ULE)))

()b pIST=N=ELEMENTS (GIVEN=LIST NUMBER)
(P0G (NER=-LIST)

WEXl=bELizMENT
(COND [(ZEqOP NUMBER) (rKETURN NEW=LLIST) 1)
(PUSH NEA=LIST (CAg GIVEN=LIST))
(POP GIVEN=LIST)
(DECH NUMSER)
(GO NEXT=EL=ME=ENT)))

(e FeATURE=TRRPLLIED=PHOUEAES (STON=AND=FEATURE)



(PROG (PHON=ME=LIST misws=LIST S 1ON BOOLEAN=LIST)
< (SELW SI0N (CA G (EXPLODE STON=AND=FEATU ) )
¢ (SETQ BOOLEA N=LIST
CREA TOR:=NATRIX (QEADLIST (COR CEXPLODE SIGH=AN)=FEATIRE)))))
o (SELQ PHONSME=LIST (LISI=PHONEHES))
& |y T-pHoNSNE
(CoND L(NULL PHONEME=LIST) (RRSTURN WEN=LIST)]
3 (CEQUAL SIGN (CAR BOOLEAN=LIST))
¢ (PUSH NEW=LIST (CAR PHONEME=LISI))1)
(PP PHONEME=LIST)
° (POP BOOLEAN=LIST)
(GO NEXT=PHONEME)))

= (DE GET=PREFIX-SIEM=SUFFIX (GIVEN-LIST)

® (PrOG (PR FIX SI'EM SUFFIX ENVIRONMENT)
NEXT=LIST
¢ (COND [C(NULL GIVEN=LIST)
(RETURN (LIST (REVERSE PREFIX) (REVERSE STEM) (REVERSE SUFFIX)))1)

(SETQ ENVIRONAENT (STEM=ENVIRONMENT (CAR GIVEN=LIST)))
(APUSH PHEFIX (REVERSE (CA ENVIKONMENT)))
(PUSH STEd (CADi ENVIRONMENT))
(APUSH SUFFIX (REVERSE (CADDk ENVIRONMENT)))
(POP GIVEN-LIST)
(GO NeXT-LIST)))

()= CET-RBOOLEAN (PHONEME FEATURE)

(P0G (FEATURE-LIST BOOLEAN BOOLEAN-LIST)
(SETQ FEATURE=-LIST (LIST-FEATURES))
(SETQ BOOLEAN=LIST (PHONEME=-MATKRIX PHONEME))

v= XI-FEA[URE
(SETWQ BOOLEAN (CAR BOOLEAN-LISI))
(COND [(EWUAL FEATURE (CAR FEATURE-LIST)) (RETURN BOOLEAN) 1)
(POP BOOLEAN=LIST)
(POP FEATURE-LIST)
(GO NEXT=t=ATUKRE)))

(U2 GKOUP-1EGULAR-STEMS (GIVEN-LIST)
(AITH (EXCEPTION-LIST PREFIXES STEMS SUFFIXES)
(SETW EXCEPTION=LIST (SEPARATE-STEM-EXCEPTIONS GIVEN-LIST))
(SEIW PREFIXES (CDAR EXCEPTION-LIST))
(SZTJ STEMS (CDADR iEXCEPTION=-LIST))
(521w SUFFIXES (CAADDR EXCEPTION=-LIST))
(LIST (GROUP=-STEMS-BY-StzGMENTS STEMS PREFIXES GIVEN=-LIST 1.)
(GROUP=ST=MS=BY=SEGMENTS STEMS SUFFIXES GIVEN=LIST =1.))))

()2 GHROUP=STEMS=BY=S=GMENTS (STE4=LIST SEGUENT=LIST GIVEN=LIST DIRECTION)
(PrOG (WEn=LIST SCAN=SIEM=LISI A0LD=-WOkDS)
(5:TQ worU=LIST (STRIP=ONE=-LEVEL GIVEN=-LIST))
= A1=SUkFrl X
(COND [(NULL SEGUENT=LIST) (RRETURN NEW=LIST)I1)
(52TW SCAN=STEA=LIST SIEM=LIST)
(SETQ HOLD=wORDS NIL)
=7 1=S5Tiz4
(ConD LONUIL SCAN=SIEM=LIST)
(PUSH weEA=LIST
(LIST (CAR SEGHENT=-LISD)
(ENVIRONMENT=DIRECTION HOLD=#0&DS ODIRECTION)))
(POP SEGHENT-LISI)
(G WEXT=5dFFIX) ]
LCIn (SIUASH (CAt SCAN=STEM=LIS1) (CAR SEOMENT=LIST)) wORD=LIST)

Ay
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(PUSH HOLD=N¥OWNS (CAR SCAN=STEM=LIST)) 1)
(POP SCAN=STEA=LIST)
(GO NEXT=S[i:4)))

D DpE=TUPLIED=FEATURES (SIGN=AND=FEA TUKE)
(HOVE=TO=FRONT
SIGN=AND=H:ATURE
(FEATURSS (CONVERT=PHONENES=TO=nATHIX
(FEATURE=TIMPLIED=PHONEMES SIGN=AND=FEATURE)) D))

—~

» o @

(v IWPLIZD-TABLE ((+syl =obs +voi) (-syl =loja =-str) (+cons =loja =str)
(=cons =ohs +econt =cor =lat =lab +voi) (+0ns =syl +cons
-cp =lat =1nja =nas =str) (-obs) (+cont) (=cont +cons
=lat =loja =str) (+hign =cp =lat =lab =loija) (=-high)
(+hack =cor -lab =loja) (=hack =rnd) (+tns2 -cp -lat
-lab -loja) (-tnse) (+cp =-obs =high =tnse -lat -lab
-loja) (-cp) (+cor +cons =back =-rnd =lab -loja =str)
(-cor) (+lat +cons =-obs +cont =hign =-tnse -cp -rnd -1ab
-loja =nas =-str) (=lat) (+rnd +hack -cor -lat -lab -loja)
(-rnd) (+lao +cons -high =back -tnse -cp =-cor =-lat -rnd
-loja -str) (-1a30) (+loja +syl =-cons =obs +cont -nian
-back =tnse =cp -cor -lat -rnd -lab +voi) (-1oja)

(+nas -obs -lat +voi) (-nas) (+voi) (-vni =-syl +cnns
-loja -nas =str) (+str +syl =-cons =-obhs +cont -cor -lat
-lab +voi) (=str)))

(D InN (IT=EM ITEM=-LIST)
(COHD [(NULL (MEMBER ITEM ITEM-LIST)) NIL] (T T1))

(O LIST-FEATURES NIL (CDAR DFMATRIX))
(D LIST-PHONEMES NIL .(CDAR DFIMATRIX))

(U= SATRIX=COMPARZ (MATRIXI MATHIX2)
(PrOG (NEA-MATRIX BOOLEAN)
NE XT=-ELEMENT
(COND [((NULL MATRIX1) (RRETUKN NEW=MATRIX))
[(EQJAL (CAR MATKIX1) (CAR MATRIX2)) (SETQ BOOLEAN (CAR WMATRIX1))]
[T (SETQ BOOLEAN 20)1)
(PUSH NEAW=AATRIX BOOLEAN)
(POP MATRIK1)
(POP MATRIX2)
(50 NEXT=-ELEMENT)))

(Vi MAX InUM=CHARACTER=-LENGTH (GIVEN=-LIST)
(WAXLIST (MAPCAu “ZFLATSIZE GIVEN=-LIST)))

(U= MAXLTMUM=SPECIAL=n0ORD=LENGTIH (WNORD=LIST)
({AXLIST C(MAPCAR 7 (LAMBDA (WORD) (LENGTH (SPECIAL-EXPLODE WOkD))) wWORD=LIST)))

(- HAXLIST (NUMBER=-LIST)
(P0G (SAXLAUMK)
(5214 MAXIMUM (CAR NUMBER=LISI))
W X=-NUABE K

(COon) [CHULL NUABEA=LIST) (RETURN MAXIMUM) ]
[CGHEATE 2 (CARr NUMBER=LIST) MAXIMUA)
(StTw AAXTHUS (CAK NUABEX=LISL)) 1)

(PUP NUMBEA=LISI)

(GO NEXT=nJhbir«)))
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(D REMBERS CITEM=LISL GIVEN=LISL)

(P0G NIL
CCOND [CNOLL TiisM=LIST) CgisTUrn NIL) D)

W XT=1TEM
(COND LONULL Tlem=L1ST) (RETUKN 1)1

(ONOT CIN (CAR 1LIEM=LISE) GIVEN=LIST)) (kETJgn NIL)I)

(PP 11=M=-LISH)
(GO NEXT=T1tM)))

(D MINIMIZE=FEATJRES (GIVEN=LISI)
(P0G (FEATURE=LIST REMOVE=LIST)

(SEITY FEALJRE=LIST GIVEN=LIST)

NEXT=rEATURE
(ConD [(NULL FEATURE=LIST) (RETURN (KEMOVES REMOVE=LISI GIVEN=LIST)) )
(APUSH REMOVE=LIST (CDR (ASSOC (CAw FEATJURE=-LIST) IWMPLIED=TABLE)))
(POP rEATURE-LIST)
(GO NEXT=tEATUKE)))

(D= MINLIST (NUMBER=-LIST)
(P0G (AINIAUMN)
(SEId MINIMUM (CAx NUMBER=-LISI))
WEXT=-NUABER

(COND [CNULL NUMBER=LIST) (RETURN MINIMUM) ]
((LESSP (CAR NUMBER-LIST) MINIMUM)
(SkEId MINIMUM (CAk NUMBER-LIST))])

(rOP NUMBER=LIST)

(GO N=XT=NUMBER)))
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(e HOVE=NIH=-TO=FRONI (GIVEN=LIST NUMBER)
(AOVE=TO=FRONT (NTH=ELEMENT GIVEN=LIST NUMBER) GIVEN=LIST))

(U= MOVE=TO=rFRONT (ELEMENT GIVEN-LIST)
(CONS ELZMENT (REMOVE=FIRST=OCCURENCE ELEMENT GIVEN-LIST)))

(U= NTH=ELEMENT (GIVEN=LIST NUMBER)
(P rOG (COUNT)
(COwD [(LESSP (LENGIH GIVEN=LIST) (ABS NUMBER)) (RETURN NIL)]I
o [(LESSP NUMBEX @)
(SETQ NUMBE«# (ADD1 (PLUS NUMBER (LENGTH GIVEN=-LIST))))1)

(SETQ COUNT 1.)
) v X i=E LEANT

(COND [(EJUAL COUNT NUMBER) (RETURN (CAR GIVEN-LIST))I])

(INCK COUNT)
P (roP CIVEN=LIST)
2 (GO NEXT=ELEMENT)))

v (Dt NIH=ENV IRONMENT (AORPH=LIST NJUMABER)
e (PHONEFE=-TMPLIED=FEATURES (SPECIAL=NIHCHAR=-LIST MORPH=LIST NUMBEx)))

' (. NIHCHA«=LIST (CIVEN=LIST NUMBLER)
(L APCALK ZCLAMBDA (WORD) (WTHCAAR WORD NUMBEK)) GIVEN=LIST))

3 (k= NUABER=OF=0CCURKRENCES (ITEM GIVEN=LIST)
(P0G (COJNT)

(SETu COUNT 0.)
?‘ weEAT=1TEA

(COND [CNULL GIVEN=LIST) (KRETURN COUNT)]

LCEQUAL TTEM (CAq GIVEN=LIST)) (INCR COUNT)I)

¢ (POP GIVEN=-LIST)

(GO NeXl=ITEM4)))
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(00 PATR=POSS I L= BOULAR=AS=rU Li: S (GIVEN=LIST)
SOULA G =LIST PREFLIX PRAEFIA=GULES SUFFIX SU L A=RULES)
w O LA R=LIST (OROUP=KREGULAK=STEMS GIVEN=LIST))
Ela PallIX (CAW WEGULAR=LISE))
10 SUFFIX (CADK KEGULAR=LIST))
[0 PrlrrlX=gULES
(UNILSUE=ELEdENTS
(QUMP ARE=LIST=0F=SLOTS
(STAR=COMBINATIONS (COMBINATION=PALIw PREFIX)))))
(5=7TQ SUFFIX=RULES
(UNIQUE=ELEMENTS
(COMPARE=LISI=0F=-SLUTS
(STAR=COMBINATIONS (COMBINATION=PAIK SUFFIX)))))
(COND [CAND INULL PREFIX) [NULL SUFFIX)) (LIST NIL nIL)]
[CNULL PREFIX) (LIST NIL SUFRFIX=rRULES)]
((NULL SUFFIX) (LISI PREFIX=ULES WIL)1)))

(D= PHONME=CHANGE (PHONEME=1 PHONEME=2)
(GWAPCAR Z(LAMBDA (FEATURE) (SJUASH (GET-BOOLEAN PHONEME=-2 F:=ATJKE) FEATURE))
(PHONEME=D IFFERENCE PAONEME=1 PHONEAE=2)))

(i PAONEAE=DIFR=RENCE (PHONEME=] PHON:EME=2)
(rEATURE=D I FFERENCE (CONVERT=PHONEMES=TO=-MATRIX (LIST PHONEME=1 PHONEKE=2))))

(D= PAONEME-FEATURE=INTERSECTION (PHONEME FEATURE-LIST)
(COMMON=ELEMENT (PHONEME=IMPLIED=FEATUKES (LIST PHONEME)) FEATURE-LIST))

(U PHONEME=FEA TURE=INTERSECTIONS (PHONEME LIST-0—=FEATURE-LISTS)
(P0G (NEW=LIST INTERSECIION)

WZXT=FEATURE=-LIST

(52TQ INTERSECTION
(PHONEME=FEATUKE=INTERSECTION PHONEME (CAR LIST-0OF=-FEATURE-LISTS)))

(COND [(NULL INTERSECTION) (RRETURN NEW=LIST)I)
(PUSH NeW=LIST INTEKRSECTION)
(POP LIST=0r=FEATURE-LISTS)
(50 NEXT=-FEATURE=-LIST)))

(U- PHOREAE=IMPLIED=FEATURES (PHONEME-LIST)
(HINLATZE=FEATURES (FEATURES (CONVERT=PHONEMES=TO=MATRIX PHONEME-LISI[))))

(O PHONEME=AATRIX (PHONEME) (CDR (ASSOC PHONEME DEMATRIX)))

()= PHONEAE=ORDER ( PHONEME=LIST)
(Pu0G Gizn=SATRIX)
(SETQ N=A=HATRIX (LIST (CAR DFMATRIX)))
e AT=PHONZ ME

(COND ((NULL PHONEME=LIST)
(HEANR TTE=DF (REVEKSE NEAN=MATRIX))
Cid=Tuhkin 20K) ]
[CIN (CAr PHONEME=LIST) (LIST=PHONEMES))
(PUSH NEA=MATKIX (ASSOC (CAx PHONEME=LIST) DEMATRIX))
(PUP PHONEME=LIST)
(GO NEXT=PHONIZWE) ]
[T (RETUKN 2 ===N0=UATCH===)])))

(v PLURALS ((aks akse™n) (b bez) (bUS buSae”™z) (bUk buks) (bv™a bv™gz)
(ov”™s bv®se”z) (fltw (lrvs) (kot kots) (kaz kaze™z)
(1Id 11dz) (lIv Llivz) (10w 10wz) (1i4 1i’z) (pol polz)
(pv™f pv™Trs) (rul3 ru3de”z) (sr™ sr”z) (sv™m sv™mz) (swlIN>7



swlnsgz) (teb tebhez) (tIp tips) (uz uze™z)))

5

(D POSSIBLE=REGULAR=AS=RJLES (GIVEN=LIST)
(WITH (POSSIBLE=LLISL PriztIX PulFIX=RULES SUFFIX SUFFIX=HULES)
(SETO POSHIBLE=LIST (PAL=POSSIBLE=REGULAR=AS=KULES GIVEN=~LIST))
(SETJ PREFIX (CAR POSSIBLE-LISI))
(SETd SUFFIX (CADR POSSIBLE=LISI))
(SETQ PREFIX=RULES (POSSIBLE-rRULES PREFIX))
(SETQ SUFrIX=rRULES (POSSIBLE-RULES SUFFIX))
(Coud [CAND (NULL PREFIX] (NULL SUFFIX]1) (LIST NIL NIL)]
(CNULL PREFIX) (LISI NIL SUFFIX=-RULES)]
(CNJLL SUFEFIX) (LISI PrEFIX=RULES NIL)1)))

(DE POSSIBLE-RULES (RULE-LIST)
(PROG (NEW=LIST RJULE SAVE-ULE-LIST)
(Sizid SAVE=RULE-LISI RULE-LIST)
NEXT=qULE
(5=TQ wULE (CAw RULE-LIST))
(COND [(NULL gULE=LIST) (RRETURN (SHOTEST=RULE=-ACTION NEW-LIST)) 1)
(APUSH WEW-LIST
(STRIP-ONE-L=VEL
(COR (FIND=NEXT-RULE
(FIRST=-N-ELEMENTS (CAR RULE) 2.)
KRJLE
SAVE-RULE-LIST))))
(POP RULE-LIST)
(GO NEXT-2ULE)))

(V PRETERATES ((be’ be’/d) (bv™z pbv™zd) (cO cOd) (dlg dlIaz) (fil fild)
(fli r1id) (flow flowd) (ga>lt qga>1ft) (glu qglud)
(pa@k pakt) (p@s p@st) (pl@ pldt) (pIn pInd) (pUS puUSL)
(pat pate”d) (pr™ pr°d) (rU3 rU3d) (slv slvd) (s0d shde”d)
(sid side®d) (slam slumd) (steb stubd) (tIp tlpt)
(wO’k wo’ks)))

(Uk wEAOVE=-CHARACTER (CHARACTER WORD=-LIST)
(ZEMOVE NIL
(MAPCAR 2 (LAMBDA (WORD)
(SQUASH=LIST (REMOVE CHAACTER (EXPLODE Wor»D))))
NORD=-LISI)))

(D= ]EMOVE=CHARACTERS (CHARACTERS WORD=LIST)
(«EMOVE NIL
(MAPCAR 7(LAMBDA (WORD)
(S4UASH=LIST («EMOVES CHARACTERS (EXPLODE WORD))))
WORD=-LIST)))

()2 REAOVE=FIRST=0CCURENCE (ITeM GIVEN=LISI)

(PG (LEFT)

A2 XT=ELEMENT
(COND [C(EQUAL ITEM (CAg GIVEN=LIST))

(RETURN (APPEND (ReVERSE LEKT) (COR GIVEN=LIST) 1)

(PUSH LEFI (CAK GIVEN=LISI))
(POP GIVEN=LIST)
(50 NeXl=tLEMENT)))

()= (RAOVES (ITEM=LIST GIVEN=-LISI)
(P0G NIL
e XT-TLEM
(ConD LCNULL TEEM=LIST) (KETUSN GIVEN=LIST) 1)
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(Stalw CLVEN=LIST CalaoVis (CAR TTEM=LIST) GIVEN=LISI))
o (POP 1Tt 4=L151)
(G0 NeXT=1t1)))

& (O «wEPLACE (OLOD=T1EG dEN=ITEM GIVEN=LIST)
(PalG (N2w=LIST)
N XT=ITL
(ConD LONULL GIVEN=LIST) (RRETURN NEWN=LIST)]

Q (CEQUAL (CAR GIVEN=LIST) OLD=ITEM) (PUSH NEA=LIST NEda=[TEY)]
(L (PUSH NEW=LIST (CAR GIVEN=LISIT)) 1)
o (PP GIVEN=LIST)
(GO NeXT=ITEM)))
C (O REPLACE=FEATURE=-MATRIX (FEATURE FEATURE=-MATRIX)
' (P ROC (NEW=MATRIX OLD=-MATRIX)
(SETQ NeEW=YATRIX (LIST (CAR DFTMATRIX)))
o (SE1G OLD=-MATRIX (CDR DFTHATRIX))
nEXT=EATURE
(COND [CNULL OLD=MATRIX)
Y (COND [(NULL NEN-MATwIX) (RETURN Z===NO-MATCH===)]
[T (EWRITE=DFT (REVERSE NEW=MATRZIX)) (R=TUrN 20K)1)1]
[(EJJAL FEATURE (CAAR OLD-MATRIX))
-~ (PUSH NEW-MATRIX FEATURE-MATRIX)]
(T (PUSH NEW=-MATKIX (CAR OLD-MAT®IX))1)
(POP OLD=Y¥ATRIX)
o (G50 NEXT=-FEATURE)))
(U= LePLACE-PHONEAE-MATRIX (PHONEME PHONEME-MATRIX)
Y (PrROG (N=ZH=MATRIX OLD=-MATRIX)
(SETd NEN=-MATHIX (LIST (CAk DFMATRIX)))
(S=Z10 OLD-MATRIX (CDr DFMATRIX))
R = X T=PHO Nz ME
(COND [CNULL OLD=MATHIX)
(COND [(NULL NEW-MATRIX) (RETUKN Z===N0O-MATCH===)1])
® (REWR ITE=-DF (REVERSE NEW=-MATKIX))
(RETURN Z70K) ]
[(EJUAL PHONzAE (CAAR OLD-MATRIX))
Y (PUSH NEW=-MATRIX PAONEME=MATRIX)]
: [T (PUSH NEN=-MATHIX (CAR OLD=-MATRIX)) 1)
(POP OLD=UAATRIX)
N (GO NEXT=PHON=ME)))
() KEPLACES (OLD=-ITEM NEW=ITE4 LIST=0F=LISTS)
Y (IAPCAK “(LAMBDA (A-LIST) (REPLACE OLD=ITEM NEW-ITEM A=LIST))
‘ LISI=0OF-LISIS))
N (Dl KEPLICATE (ITEM NUMABER)
) (P HOG (NEA=LIST COUNT)
(SETO CoUNT 2,)
) e X1=1Tk A4
i (COAD [(EQUAL COUNT NUMBER) (H=TURN NEA=LIST)])
(INCR COUNT)
™ (PUSH NEW=-LIST ITEM)

(50 NeXT=I1T1=14)))
@ (e mEVERSES (LISI=0r-LISTS) (MAPCAL ZREVERSE LIST=0F=LISIS))
(U2 BhARIE=DF (GIVEI=AATULIA)

@ (5T DEAATRIA GIVEN=SATIX)
(Seld DeldATHIX CTRANSPOSE DEFSATZIX)))

™
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DB nbEwe L Ce=00T (oI ViEN=uA Tk X)
(SETQ DETIATRIX SLVEN=MAT(IX)
(SE1TQ DEIATAIX CERANSPOSE DETYAT|IX)))

& (2 RENRITE=-IMPLIED-TABLE NIL
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(PROG (FEATURE=LIST Niw=TAELE)
(S=TQ FEATJAE=LIST (LIST=IFEATURES))
N=XT=FEATU RE
(COND [(NJLL FEATURE=LIST)
(S:=1T2 TWPLIED=-TABLE (REVEKSE NEA=TABLE))
(RETURN 20K) 1)
(APUSH NEN-TABLE
(LIST (DF=IMPLIED=FEATURES (SQUASH “- (CAx FEATURE-LIST)))
(DF=TUPLIED=FEATURES (SQUASH “+ (CAR FEATURE=LIST)))))
(POP FEATURE=LIST)
(GO NEXT=F=ATURE)))

(D= wOTATE-LEFT (GIVEN=-LIST)
(APPEND (CDr GIVEN=LIST) (LIST (CAR GIVEN=LIST))))

(Z QOITATE-LIST (GIVEN-LIST)
(PrROG (NEW-LISID
(PUSH NEW-LISI GIVEN=LIST)
NEXT=20TATE
(PUSH NEW-LIST (R0TATE-LEFT (CAR NiEW=LIST))) '
(COND [((EJUAL (CAR NEW=LIST) GIVEN=LIST) (RRETURN (CDr dEw=-LISTI)1)
(GO NEXT=ILALE)))

(0F HOTAT=ZE=RIGHT (GIVEN-LIST)
(MUVE=TO=-FRINT (CAR (LAST GIVEN-LIST)) GIVEN-LIST))

(DM kEMOVE (BODY)
(LIST 7S=TQ (CADDK BODY) (LIST ZREMOVE (CADR BODY) (CADDx BIDY))))

()4 ARETURN (BODY) (LIST “RETURN (LIST ZR=VERSE (CADR BODY))))

(s CuiE AK=INTO=SEGMENTS (SEGHMENT)
(PuUC (SEGMENT=LENGTH COUNT EXPLORED=SEGHMENT COUNT CURRENT=LENGTH
CURRENT=SEGMENT COMBINATION=LIST)
(520U EXPLODED=-SEGMENT (SPECIAL=EXPLODE SEGMENT))
(SEFQ SEGHMENT=LENGTH (LENGIH EXPLODED=-SEGAENT))
(5=TO Counrl 9,.)
Ui XT=-LENGIH
(COND [(EQUAL COUNL SEGMENT=LENGTH) (RRETUkN COMBINATION=LIST) 1)
(5TQ CURKRENT=-LENGTH (ADD1 COUNT))
(SETY CURKENT=-SEGMENT EXPLODED=SEGMENT)
Wz XT=SEGA=NT
(COND [CZEKOP CUKKENT=LENGTH) (SETW COUNT (ADD1I COJUNT)) (GO NEXT=LENGTH) ]
)
(PUSH COUBINATION=-ILLIST
(SWASH=LIST (FIRST=N=tLEMENTS
CURGENT=SEGMENT
(DI FFEKENCE SEGMENT=LENGTH COUNT )) ))
(POP CULKRENL =SEGHMENT)
(SELU CURKENT=LIENGTA (SUB1 CURRENT-LENGTH))
(GO NEXT=S1ECMENT)))

() SEPARATE~EACEPTIONS (GIVEN-LIST LIMIT)
(P0G (TALLY=LIST EXCEPTION=-LISE #EGULA«~-LISI)
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(CnD CONDLL GIVEN=LISLE) (RieTdwie 1nIL)Y 1)
(SETO TALLY=-LIST (TALLY=ELGMENTS GIVEN=-LIST))

v XT=TALLY

(ConD LONULL TALLY=-LIST)
(RETIRN (CONS ({aVERSE REGULAR=LIST) (REVESE =XCEPTION=LIST)))]
LCOREATE WP (CADAK TALLY=LISL) LIAIL)
(PUSH fBEGULAR=LIST (CAAR TALLY=-LISL)) !
(T (PUSH EXCEPTION=LIST (cAAx TALLY=-LIST)) 1)
(POP TALLY=-LIST)
(GO NEXI=-TALLY)))

(V= SHORT=ST-CDR=LISIS (LIST-0r-LISTS)

(PrOG

(NEW=LIST SMALLEST-LENGTH)
(SEiw SHALLESI-LENGIH
(SHORIEST=-LISI-LENGIA (MAPCAR “CADx LIST-0F-LISIS)))

NEXT=LIST

(COND [(NULL LIST=0OF=LISIS) (RRETURN NEW-LIST)]
[ (EQUAL (LENGTH (CADAR LIST=-0OF-LISTS)) SMALLEST-LENGTH)
(PUSH NEAN=-LIST (CAr LIST-OF-LISTS))1)

(POP LIST-0r-LISTS)

(50 NEXT-LIST)))

(D SHIORIEST-LISI-LENGTH (LISI-OF-LISTS)
(A INLIST (MAPCAR 4 LENGTH LISI-0r-LISTS)))

-~

)= SHORTEST-RULE-ACTION=-LENGTH (GIVEN-LIST)

(AINLIST (MAPCAr 2 (LAMBDA (RULE-LIST)

(MAX (LENGIH (CADAK RULE-LIST)) (LENGTH (CADAD« RULE-LIST)))
)
GIVEN=LIST)))

(Dk SAOXTEST-RULE-ACTION (KULE-LIST)

(2 rUG

(SHALLEST RULE NEN-LIST)
(SETQ SHMALLEST (SHO&TEST=-)ULE-ACTION-LENGTH RULE-LIST))

W= AT =RHULE=SET

(SETW RULE (CARrR RULE-LIST))
(COND L(NULL rULE=-LIST) (RRETURN NEW=LIST)]
[(AND [EWUAL (LENGTH (CADAK RULE)) SMALLEST]
(EQUAL (LENGTH (CADADw RULE)) SMALLEST )
(PUSH NEA=LIST rULE)])
(POP RULE-LISI)
GO NeEXT-LGJLE-SET)))

(i SPECIAL=EXPLODE (WORD)

(P r{()'\;

(NEWN=LIST HOLD=LISI CUKgENT NEXT EXPLODED=WORD)
(SETQ EAPLODEL=A0RD (EXPLODE WORD))

W= XT=CHARA ClEr

(SETQ CUkeENT (CAR EXPLODED=HORD))
(5E1TU NEXT (CADR EXPLODED=nOKD))
(PJohr HOLD=-1LIST CUHENL)
(COND [CIN CURKRENT SPECIAL=-SUB=CHARACTERS)
(CO POP=LAPLODED=/OGD) ]
LCO LI NEAT SPECIAL-SUB=CHARACTERS]
LnOL (I NEXT SPECIAL=-SUPEK=CHARACTERS) ]
[NULL NEATD)
(PUSH NEA=LIST (SOUASH=LIST (KEVEKSE HOLN=LIST) ))
(COND [ CHNULL NEXT) (KRETURN NEA=LIST)I)
(S u HOLD=LIST NIL) 1)

1) =X PLODED=WOR1)

(POP FXPLOLED=00KD)
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(00 NeXT=CHAARACTER))))

(0 SPECTAL=NTHCHAL (VO W) NUMBE L)
(N L= LEWENTD (SPHECTIAL=EXPLODE WOKD) NJIMBER))

(e SPECIAL=NTHAGING=LIST (NORD=LIST NUMBIEW®)
(P0G (NEW=LISD
NEXT=n0aD
(ConD LONULL WORD=LIST) (HuETURN WEW=LIST) 1)
(PUSH NEW=LIST (SPECIAL=NTHCHAR (CAR WORD=LIST) NudBEQ))
(POP wORD-LISD)
(GO NEXLI=40KD)))

(DV SPeECIAL-5UB-CHARACTERS (! % /7))
(DV SPECIAL-SUPER-CHAKACTERS (< > & ©~ /7))

(D= SPLICE (OLD=ITEM NEA=-ITEM GIVEN=-LIST)
(PROG (veEn=LIST)
NeEXI=1TEM

(COND [(NULL GIVEN=LIST) (RRETURN NEW=LIST)]
[(EQUAL (CAR GIVEN-LIST) OLD-ITEM)
(APJSH NEA=-LIST (REVERSE NEW-ITEM))]
(T (PUSH NEAN=LIST (CAR GIVEN=LIST)) 1)

(PIOP GIVEN=-LIST)

(GO NEXT=-ITEM)))

(DE SPLICES (OLD~-ITEM NEW-ITEM LIST=OF=LISTS)
(LAPCAr 2(LAMBDA (A-LIST) (SPLICE OLD-ITEM NEW-ITEM A-LIST))
LISI-0FRLISIS))

()= SPLIT=LIST (GIVEN=LIST CUTIING=POINT)
(2 R0O5 (FIKST-AALF COUNT)

(SETQ COUNT 2.)

NEXT=EL=4ENT
(COND [(Or [NULL GIVEN=LIST]) [EQUAL CUTTING=POINT COUNTI)

(RETURN (LIST (REVERSE FIRST=-HALF) GIVEN=LIST ) 1)

(INCKR COUND)
(PUSH FIRSI-HALF (CAR GIVEN=LIST))
(POP GCIVEN=LIST)
(50 NEXT=ELEMENT)))

(U SPLIT=UWALIRIX (GIVEN=MATRIX LIMIT)
(2 x0G (rFrIaST=HALF SECONI-HALF SPLIT-BOOLEAN)
(5iTQ SPLIT-BOOLEAN (SPLIT=-LIST (CAk GIVEN=-MATRIX) LIMIT))
(COND [CNULL (CADR SPLIT=-B00LEAN)) (RETURN (LIST GIVEN=MATRIX NIL)YI1)
(SETY FIRST=-AALEF (LISL (CAR SPLIT-BOOLEAN)))
(52T0 SECunND=-HALF (CLk SPLIT-BOOLEAN))
(POP GIVEN=-#MAIKIX)
e XT=300 LEAN
(COnD [CNULL GIVEN=MATRIX) .
(HETURN (LIST (REV=ZKSE FIKST=HALF) (ReVERSE SECOND=HALE))) 1)
(S=1Q SPLIT-BOOLEAN (SPLIT=LIST (CAR GIVEN=MATRIX) CAODI LIMIT)))
(PUSH FIRSI=-HALEF (CAK SPLIT=-BOOLEAN))
(PUSH SECOND=HALF (CONS (CAAL SPLIT-BOOLEAN) (CADk SPLIT=BOOLEAN)))
(POr GIVEN=AATKIX)
(GO NeXT=UB00LEAN)))

()= SOUASY (ATOMI ATO2)
(oM [CAULL ATO4R) ATOM2)



LCNULL ATOY2) ATOAT)
L1 CRADLIST CAPPEND (zXPLODE ATOMI) (EXPLODE AT0OA2))) 1))

(o SQUASH=LIST (SIVEN=LIST)

(a6 (Wkw=LISD)

N XT=AT0M
(COND [CNULL GIVEN=LIST) (RETURN NEW=LIST) 1)
(SETQ New=LIST (SOUASH aEd=LIST (CAwr GIVEEN=LIST)))
POP GIVEN=LISI)
(39 NEXLI=ATOM)))

(O STAR=COMBINATION (GIVEN=LIST=1 GIVEN=-LIST=2)
(WITH (L=ENGTH=1 LENCTH=2 MORPH=1 MOgPH=2 ENVIRONMENT=1 ENVIONMENT=2)

(SEETW MOPH=1 (SPECIAL=-EXPLODE (CAR GIVEN-LIST=1)))
(SELIW MOPA=2 (SPECIAL=-EXPLODE (CAR GIVEN=LIST-2)))
(5=7Q ENVIRONAENT=I

(LIST (CAR GIVEN=LIST=1) (CAR GIVEN=LIST=2) (CADR GIVeN=LIST-2)))
(3=TQ ENVIRONAENT=2

(LIST (CAR GIVEN=LI>T=2) (CAR GIVEN=LIST=-1) (CADK GIVEN-LIST-1)))
(SEfw LENGTH=1 (LENGTH MOXPH=1))
(SETY LENGIH=2 (LENGIH M0OrPH=2))
(COND [(EQUAL LENGTH=-1 LENGTH=-2)

(LIST (LIST ENVIRONMENT=2 MOuPH=1 MORPH=2)

(LISI ENVIROJAENT=1 MOxPH=2 4ORPH=1))1
[(LESSP LENGTH=1 LENGTH=2)
(STRIP-ONE-LEVEL
(MAPCAK Z(LAWBDA (STAR-LIST)
(LIST (LIST ENVIRONMENT=2 STAR-LIST #HORPH=2)
(LIST ENVIRONMENT=1 MOrPH=2 STAR=-LIST)))
(FILL=-STAR=-SLOTS MORPH=1 LENGTH=2)))1
(T (STRIP=ONE-LEVEL
(MAPCAK 2 (LAMBDA (STAR-LISI)
(LIST (LIST ENVIRONMENT=1 MORPA=1 STAK=LIST)
(LIST ENVIKONMENT=2 STAR=-LIST MORPH=1)))
(FILL=-STAR=-SLOTS MORPH=2 LENGTH=1)))1)))

(= STAK=COMBINATIONS (GIVEN=LIST)
(iAPCAK 2(LAMBDA (A=LIST) (STAR-COMBINATION (CAR A-LIST) (CADrk A-LISD)))
GIVEN=LIST))

g STEM=ENVIKONAENT (WORD=-LIST)
(PHROC (Po=FIX STEM SUFFIX SPLIT=AORD)
(SETQ STEM (CAR (COMMON=SEGMENTS wWORD=LIST)))
Il‘_’ Xl-:(():{‘)
(COND [CNUIL wOrD=LIST) g
(RETURN (LISE (ReVERSE (REMOVE NIL (UNIQUE=ELEAENTS PREEFIX)))
SIeEM
(REVEKSE (KEMOVE NIL (UNIQUE=ELEMENTS SUFFIX))) N D)
(SETQ SPLIT=-wW0ic) (STrInG=5UBSEL STEM (CAR wOrD=LIST)))
(PUSH PHEFIX (CARQ SPLIT=WORD))
(PUSH SUFFIX (CADDR SPLIT=WORD))
(POP AJ0xi~LIST)
(50 NEXT=d0)))

(i SEPARALE=-SIEA=t: XCERTTONS (GIVEN=LIST)
(PROG (PrEEFIX=-SIEM=SUFFIX NEA=LIST)

(GETQ PHEFIX=STEM=SUFFIX (GET=PHEFIX=-STEM=SUFFIX GIVEN=-LIST))
HEAT=G RO

(COND LORNULL Preir I X=S5TES=50FFIX)  (ogeTUrN NEAN=LIST) 1)

(PUSH NEW=LISlI (SEPARAL==:ACEPTTIONS (CAR PREFIX=STEM=SULFIX) 24))

@ @ P @ @ 9 @ @ ® o ® @ @ O O O O O 9 6 @



(PO PREFIX=S1LEd=SU -1 X)
(G0 N=XT=310uP)))

(O STRING=8UBSET (ITEA STalNG)
(Pa06 (ITeM=-LIsE olnInNo=LIST LEFLI MATCH=STirING)
(S:1TQ ITEM=LIST (SPiECIAL=:XPLODE TTHA))
(53TQ STRING=LIST (SPECIAL=EXPLODE STiInG))
NEXT=STa ING=Liz T iz«
(COND [ONJLL SIRING=LISE) (RETJUKN NIL))
(CNOT (EQUAL (CAR ITEM=LIST) (CAR STKING=LISI))) (50 PiUSH=POP)])
(SETQ MATCA=STRING STRING=LIST)
NeXI=T1tM=1ETTER
(PoP ILlEa=LISL)
(POP MATCH=STKING)
(COND [(NULL ITEM=LIST)
(RETURN (LIST (SQUASH-LIST (Rz=VERSE .LEFT))
ITiEM
(SJUASH=LIST MATCH=STRING)))I
(CNOT (EQUAL (CAKR ITEM=LIST) (CAR MATCH=STRING)))
(SETQ ITEM=LIST (SPECIAL-EXPLODE ITEM))
(G PUSH=POP) 1)
(GO NEXI-ITEM=-LETTER)
PUSH=-P 0P
(PUSH LEFT (CAR STRING=LIST))
(POP STx ING-LIST)
(G NEXT=STRING=LETIE®)))

(D= SIRIP=-ONE-LEVEL (GIVEN-LISI)
(PROG (Nen=L1IST)
, = XT=ELEMENT
(COND [(NULL GIVEN=LIST) (RRETURN NEW-LIST)11)
(APUSH NEA=LIST (REVERSE (CAR GIVEN=LIST)))
(POP GIVEN=LIST)
(GO NEXT=ELEMENT)))

(D= TALLY-cLEMENTS (GIVEN=-LIST)
(PrOG (UNIQUE-LIST TALLY-LIST)

(SETQ UNIQUE=LIST (UNIQUE-ELEMENTS GIVEN-LIST))

NEXT=UNIQUE-ELEMENT
(COND [(NULL UNIQUE=LIST) (RRETURN TALLY-LIST) 1)
(PUSH TALLY-LIST

(LIST (CAr UNIQUE-LIST)
(NUMBER=OF=0CCURRENCES (CAr UNIQUE-LIST) GIVEN-LIST)))

(POP UNIWUE-LIST)
(CO NEXT=UNIQUE=ELEMENT)))

(D= THANSPOSE (LIST=OF=LISIS)
(PG (NeEn=LIST)
A X T=z LA NT
(COND [(NULL LIST=0F=LISTS) (RRETURN NEW=LIST) )
(PUSH NEA=LIST (KEMOVE NIL (MAPCAK ZCAR LIST=0F=LISIS) ))
(5610 LISI=UM=LISTS (gEMOVE NIL (MAPCAR 7CLik LIST=0F<LISTS)))
(GO NEXT=tLeMENT)))

(o UNIWUE=ELEAENTS (GIVEN=LLISL)
(206G (WEW=LIST ELEAENT-LIST)
are Al -l
(COAD [(HULL (CAR SGIVEN=LIST)
(Sizly ELEAENT=LIST GIVEN=LIST
(PIP GIVEN-LISI)

~

) (RETURN (REVERSE nNEa=LIST))])
)
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X E=c L dENT
(COND (ONULL SLsvsdT=LIsT) (60 NEXT=d01{D)]
CONULL CMEMBER CCAR BLEMENT=LIST) Wlw=1L15T1))
(PUSH NEA=LIST (CAR L AENT=LIST)) 1)
(POP ELEN=NT=LIST)
(50 NEXT=ELEMENT)))

(i)bdl)lLr (WEFV INDEPL (ADD=FEATURE=BEFORE ADD=PHOUNEME=S3EFO0E ANY=IN APJSH Z0UH™Y
WIES CHANGE=BOOLZAN CAANGE=FEATY/E=NAME CHANGE=PHONEME=NAME COUBINATION=CD< COMTY
31VAII)N-J\D K COMBINATION=PAIK COMBINE COMBINE=APPEND COMMON=tLi:izNT COMION=ELETY
ENTS COMMON=SEGYINTS COMPARE=LIS[=0F=SLOTS CONVEHRT=PHONEMES=TO=MATRIX COMPA (<=5"Y
LOT COAPARE=SLOTS DELETE=FEATURE DEL=ETE=PHONEME DFAATRIX OFTMATRILX HI>PFAY-JH A “Y
AIX DISPLAY =AATRIX ENVIRONAENT=DIRECTION FEATURE=DIFFERENCE FEA[U S=4ATIY Fh- Al)

AlE=0RDE R FEALTURES FILL=-STAR=SLOTS FIND=NEXT=RULE FIRST=u=ELEMENTS FEATURE-TWPLIES

D=PHONELES GET=PREFIX=-STEM=SUFFIX GLET-BOOLEAN GROUP=-REGULA¢=STEMS GROUP=STEH >—HY‘V

-SEG&ENIS D=IMPLIED=FEATURES IMPLIED-TABLE IN LIST-FEATURES LIST-PHONEES “Af“[f—“'

JARP HAXTMUM=CHA RA CTER=LENGTH MAXIAU\-oPFCIAL-Aer-LtN TH MAXLIST MES3EKS MINIM™Y
14; EATJRES MINLIST MOVE=NTH=-TO=-FRONI MOVE=TO=-FRONT NTH=ELEMENT NTH=ENVIZONAENTTY

~In’JAn LIST MNUMBER=OF=0CCURKENCES PAIR-POS;IBLE REGULAR=AS-RULES PHONEHME=CHANSGTY
£ PHONEME=DIFFERENCE PHONEME=FEATURE=INTEKRSECTION PHONEME-FEATUGE=INT=Z SECTINNS ©Y
PHONZ =T MPLIED =rEA TURES PHONEME=MATRIX PHONEME=-0&DER PLURALS POSSIBLE-GECSULAR=-ATY
5=2ULES POSSIBLE=RULES PRETERATES REMOVE=CHARACTEx REMOVE=-CHARACTERS REMOVE-FI«<S™Y
[=0CCURENCE REAOVES REPLACE REPLACE=FEATURE=-MATRIX REPLACE=-PHONEME-VATRIX REPLACT Y
=5 wbEPLICATE KHEVEASES REWRITE=-DF REARITE=DFT QEARIT=-IMPLIED=-TABLE OTATE-LEFT R™Y
Ui TE=LIST ROTATE=«ICHT RREMOVE RRETURN BREAK=INTU=SEGMENTS SEPAXAT=-EXCEPTIONSTY

S 1 2ST=CDR=LISTS SHORIEST=LISI=-LENGIH SHORTEST=RULE=ACTION=LENGIH SHOKIES[-RULF-*

,‘hh—:ArL)Jc SPECIAL-NTHCHAR SPECIAL-NTHCHAR~LIST SPECIAL-SUB=-CHAxACTERS SPECIAL"Y
-5UPLu~CHARACTERS SPLICE SPLICES SPLIT-LIST SPLIT-MATRIX SQUASH SQUASH-LIST STAR™Y

2

COUSINATION STAR=-COMBINATIONS STEM=ENVIKONMENT SEPARATE-STEM-EXCEPTIONS STRING=5u1S

(IP=0dz-LevEL TALLY-ELEMENTS TRANSPOSE UNIQUE=-ELEMENTS)))
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s a0 ex Job PHONEX heqg #2001 tor CIST838941: JDEHILSTER Date 2=Jun=43 1531
0823 donitor: Ohio State University IKRCC/ZCLS DEC=2064, *%i:

* *x *x LPTSPL vun Log*# %

15302356 LPDAT LPTSPL version 104A(2652)-1 Onhio State University IxCC/CIS DEC-2
1920):06 LPDAT  Job PHONEX sequence #1133 on Printer 1 at 2-Jun-33 15:40:56
15821332 LPMSG  Starting File PS:<CIS73804k DEHILSTER>PHONE X. 1SS, 99

15262354 LPMSG  Finished File PS:<CIS78804E.DEHILSTER>PHONEX. MS5,99

I0302:54 LPMSG  Starting File PS:<CIS78804E DEHILSTER>PHONFUN JMSS.98

15309:33 LPMSG  Finished File PS3<CIST78864E.DEHILSTER>PHONFUN .MSS. 98

10309334 LPMSG Starting File PS:<CIS78884k.DEHILSTER>PHONTOOL.LSP. 1
15316:23 LPMSG Finished File PS:<CIS78844k DEHILSTER>PHONTOOL.LSP .1
10310323 LPEND Summary: 46 Pages of Qutput
D3 10:23 LPEND 19 Disk Pajes kead
15316223 LPEND 17.434 Seconds CPU Time Used
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