
LING USITIC TOOLS ror a PHONOLOGICALEXPERI SYS rE4

Tne Donain of this Pro Ject

The conc ept or a phonol ogi cal expert system involves much more then
what I have at tempted to do in this project.
I have done is created some vitial "tool s" which a phono loyi cal exDert
system can eventually use.

It is fa ir to say that what
The tool s ar e as follows 1

Di st inctive Foa tures (DF) table inquires.
Prefix and Suffix rule combinations ofregul ar forms.
(Harmony rules are excluded for now)

This p ar t of the PHONO1ogi cal EXpert system (PHONEX) 1is not WAI-ish" in
the true sense of the word but one can not attempt to build or experiment
with PHONEXun til the tools are in pla ce .
dìscuss how I invision the ruture structur es and conce pt s or PHONEX
focu ss ing most of ny attention on the tools which I have created.

Therefore , I wi ll only or iefly

What is a PHONOLOGICAL expert syst em?

PHONEX will be an expert system which will be able to analyze the
phonol ogic al surface forms ofa given language and break them down into
rules or excep tions. Thnis data would then be used to assist in the
un de rstand ing and generation of speach and will even tu al ly enable a
sy stem to cons tantly update and analyze ocurring spe ach.

System to generate its essential f orns (i.e. pluralS. person ...).
Thus, when the

sy stem encount ers a newWOrd it can succe ssfully use the current rule

The da ta whi chPHONEX Will eventua lly start with will be from two sour ce s:

the surface íorms stored in a DF table
and the surface forns of words stored in FRAMES.

The knowl edge representation inPHONEX is yet to be determ ined.
the kn owledge base is constructed, certain tools must be made. One of
these tools is rule generati ons for prefixes and suffixe s.
my pro gram is about.

Before
That is what

PO SS IBLE REGULAR RULE GENERATION FOR PREFIXING AND SUFFIXING

The. or ogram which I have written for my independent project involves
ge nera ting the poSsible rule s for prefixe s and suffi xes of agiven list
of sur face I orms (those Waich occur natura lly).
Of ny progran.

Below is a demons tration
The atomPLURALS is bounded to a list containing 1ists of

a word and its plural.

KP LWRA LS

((aks akse^n) (be buz) (bUS buSe^z) (bUk
(bv^s by^ se^z ) (flfo rlfds) (kut
(11v 1Ivz) (l0 lOwz)(ru3 ru3e^z)
(tIp tIps)

(sr^
(uZ

kets)
(1i4 1i'z)

sr ^z) (sv^msv^nz)
uze^z))

bUk s) (bv^g bv^gz)

pol z) (ov^f pv^is)
(1 Id lIdz)

(SWIN>g swl N>gz) (tab tobz )

(kaz
(pol

kaze^z)



*( POSSIBLE-REGULAR-AS-RULES PLURALS)

CNIL

(ccco^z z ((*voi) (-cp) NIL NIL NIL))
((z s ((+obs -back -vo1)

(+cont -tnse -cp -cor -1 at -nas)
(-back -cp -lat -loja -nas -str) NILD) ((CI# z (-Voi)))))

(((z e^z ((+obs +cont +cor)

((2 s
(+syl -cons -loja -nas) NIL))

((+obs -back-y0i) ((HI1* )))
(+cont -tnse -co -cor -lat-nas)
(-ba ck -cp -lat -loja -nas -str) NIL)) ((*CI k z (-voi)))))

((4CI * s (+voi) )))

((*Il* e^)) ))
(((s z ((+voi) (-cp) NIL NIL NIL))
((z e^z ((+obs tcont +cor)

(+ syl -cons -loja -nas) NIL) )

((+obs -back -voi)
(+cont -tnse -cp -cor -lat -nas)
(-back -cp -lat -loja -nas -str) NIL)) ((*Ci * z (-voi))))

((z e^z ((*dbs +cont +cor)
(+ syl -cons -loja -nas) NIL)) ((*Il* e^))))))

The rule s are grouped into two hal ve s:
and the second for the suffi xes.
repres ents the prefixes meaning that there are none.
the ex ampl e includes four groups of rules Which each of wh ich are broken
up in the fo llowingsegments:

the first be ing for the prefixes
In the above example. the NIL

The second part of

C (+voi) (-cp) NIL NIL NIL)I

phonene-tran sa ction

Phonem e-tran saction
This shows which group of phonemes are changing to which.

stem-environment

L(*C1* s (+voi )) ] )

action

In the
simple rule above . s z" means that the following rul e changes thephoneme s! to z i.

Stem-environ ment
This is the environment Wnich must be met if the rule is to be fired.
If the rule is an prefixing rule then the environment is listed in the
Cor rect order. If the rule is a suffixing rule then the environment
is listed in rever5e (írom closest to the suffix to f arthest) .

Ac tion
The action can be one of three formst
or delete (*D1*).
whi ch chara cter slot the acti on aff ects.
mne monic is the phoneme whi ch is affected. In the case of change
(as in the previous example). the phoneme is followed by the features
Which are to be Changed.

change (*C1*), insert (*Il*),
The number in themnemonic (such as *C1*) tells

The phoneme following the

Thus, the previous example

(((s z L(+voi) (-cp) NIL NIL. NIL)I [(*C1* s (tvoi )) ) )

wOuld be inter preted l ingu istically as:

(((2 s



in the environnent of

be cone s

The correct rule in ingl ish ist
in the environnent of

be comes

If you look care fully, the correct rule is a general izat ion of the orogran
genera ted rule. This general izati on will be part of the Htruel AI portion
of this program which has yet to be written.

THE THEORY BEHIND P0 SSI BLE RULE GENERAT ION

The func ti onPOSSIBLE-REGULAR-PS-RULES is broken down into five main
steps

seper at ion of the prefixes, stems, and suÍf ix es.
weeding out the eXceptions.

convert ing the stems into distinc tive feature env ironment s.3.
4. generat ing all poss ib le rules from the pairing of known

prefixes or suffiXes.
5 gen er at ing the smallest possible groupings of the pair-

-generated rules to cover all cases of the pref ix es or
Suffi Xe s.

The first step invol ves the separa tion of the prefix, stem, and suffix.
At present. this is accompl ished by look ing for the biggest common
se gnen ts of a group of phonetically spell ed words. For exX ample:

(GE T-PREFIX-STEN-SUFFIX (bUk bUk s)) re turns (NIL bUk s)

The se cond step is the weeding out of except ional pref ixes or sufrixes .
This is done by simply stating that "x" amount or less of something
designates it as being exceptional.

(SE PARATE-E XCEPTIONS (s z z S e^n s z) 2) returns

((s z) e^n) where 2W is the cut-off point for the exceptions.

Tne tn ird step is the convers ion of the stems. into distinc tive features
environments . Thi s is done by start ing from the front (or back depending
on whe ther its prefixing or suffixing) and finding the ninimal features
from the DF table for all the phonemes in one given position. For
ex ampl e, if we took the last phoneme from a list of phonemes in the
example be loW, the following minimal features would be gen erat ed
(for Engli sh):

(NTH-ENVIRONMENI (bUS by's ru3 uz) -1) returns

(+obs tcont +cor)

(#voi J



Taese dist inct ive reatures compr ise one type of know1edye wnich is built
in to the system, The folloxing DE t able 1s the one 1 used for Engl ísh.
(Notice the incredibly akwardsystem of synbols I had to creoto in
attemɔting to produce the international phonetics 5ynbol s!)
*(DISPLAY-DF MATRIX)

ENGLISH

iiiil lIIuuuuUUUJeoeeoo00EEEEO000aaaanaaaaaaaaG0@evev
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The four th and fifth steps are muchmore compli cated then I will pre sent
them but the concepts are simple.
he avy use of conbinator ics.
increa ses iproduct ivelyH$ not exponent ially!

Both the fourth and fifth steps makes
However, it is done in such a way that it

The four th step involves taking all the regulart prefixes or suffixes
and pa ir ing them to gen erate their possible rul es. For example, in
Engl ish ther e are tnree sets of endings for pl ur al si S, Z. e^z. They
are firsk pa ir ed: (s z), (se^z), (2 e^z), These are then sent to a
rule-gendrat ing function whi ch generates the snallest po ssible set of
rules. The ru] es thenselves cons ist of thr ee simple al terations:

-+++t+t-
++-

++tt-+tt t-

++++++-

++--
+++t

+++++

++tttttttt ttt-+t-+-++--++t



• deleting a phoneme
ins er ting a phonene
chang ing a phoneme3.

The na in functions which mako up the fourth stap are #

PALR=Po SS IBLE-PS-RULES,
COMPA RE-3LOT, COMPARE-L IST-0F-SLO TS,
STAR-COMB INATION, STAR-COMBINATIONS

The fifth and final step involves grouping the pair-ge nera tod rule s so
that they generate all possibl e pref ixes or suff ixes. Thís 1s done by
select ing one of the possibl e prer ixes or suffixes as the "norm" and
using the pa ir -generated rules to generate the pref i xes or suffixes
whichare le ft.
Wnich is the "nornal" ending for plurals we would have to oick pair-

For examp le , if we pick the ending "s" to be the sound

-gen er ated rul es sucn that they generate the two other endings: zi
and ie^z ,
different rules.

If we picked z" to be the norm" we would have to choose

The na jor func tions for the fifth step are:
POSSIBLE-RULES and FIND-NEXT-RULE

TESTING THE PROGRAM

To test ny progran I gave it the only other interest ing phonol0g ical rule
in Engli sh : the preterates. The pr eterates are the past forms of verbs
and are formed by adding one of the following thr ee su ff ixes to a stem:
Ht". "d". or e^d". Without knowing the rule, I entered the pairs of
WOrds below and let my pro gram gener ate alternative rule forms for the
PRETERATES.Li ke thePLURALS, it came up with four alternatives.

*P RETE RA TES

((be?(fli
(pus(pr

bed)flid)
pest)
pr^d)

(slamslund)

(bv^z
(flow
(plo
(rU3
(steb

bv^zd)
flowd)
pIøt)
rÜ3d)
stebd)

(c0
(ga>lf
(p In
(s Iv
(tIp

C0d)
ga>lft)
pInd)
sIvd)
tIpt)

*( POSS IBLE -REGULAR-AS-RULES PRETERATES)

(NIL
((((t d ((+y oi ) NIL NIL NIL)))((d e^d ((tobs -cont-high -tnse tcor)

(tsyl-cons -loja -nas -str )
(tobs -high -ba ck -tn se -Voi ) ))

(((d t

( (d erd

(dIg
(glu
(pUS
(s0d

dIgz)
glud)
pÙ St )

(fil
(p@k pakt)

fild)
(pat pate ^d)

s0de^d) (sid side^d)
(w0kW0ks))

((*C1* t (+voi)))

((*I|* e^))))
((+obs -back -voi)
(-obs tcont -tn se -cp -lab -nas tvoi -str )
(-high -tnse -lat -rnd -loja -nas -str) NIL)) ((%cik d (=voi)))
((tobs -cont -hign -tnse +cor)



(tsyl -cons -loja -nas -str )
(+obs -high -back -tnse -voi)))

(( +voi) NIL NIL NIL))
((+obs -back -voi)
(-obs +cont -tn se -cp -lab -nas +voi -str )

((*l|*^)))
((G*D1 e^)))

(-high -tnse-lat -rnd -loja -nas -str) NIL)) (G*C1 d (-yoi))
)))

(( (d e ^d ((+obs -cont -high -tnse +cor)
(+syl-cons-loja -nas -str)
(+obs -high -back-tn se -voi) ))

( (d t

(((e^d d
((d t

((*I1k e^)))
(-obs tcont -tnse -cp -lab -nas tvoi -str)
(-hign -tnse -lat -rnd -loja -nas -str) NIL)) ((*Ci* d (=voi) ))

((+obs -back -Voi)



FUNCTIONS FOR REOULAR AFFLXING RULE GENERAT ION

<l.IST: list to be compared>)(0OMPARE-SLOF

This func ti on compares two lists of slots and transforns them into
either dele te, insert, or change.
by the foll owing:

These transfor mati ons are symbol ized

DELETE -- *D1* (where | is slotnumber1)
INSERT -- *12*
CHANGE --*C3*

(where "2 is slot nunber 2)
(where 3u is slot nunber 3)

INPUT REQUI REMENTS: CAR given-l ist -- phoneme en vi ronment
first slot lis tsecond slot li st

CADR
CA DDR

Tne slot lists are generated from the function STAR-COMBINATION.

SAMPLE : (COMPARE-SLOT ((+obs +cont +cor) (*STA R* z ) (e^ z)))

returns ((+obs +cont tcor) ((*I1* e^)))
RETURNS: a LIS[-0F-LISIS

(COMPARE-SLOIS <LIST-0 F-LISTS: lists to be sent toCOMPARE-SLOT>)

This function sends a list of correctly formatted lists to COMPARE-SLOT
and returns the ones with the shortest list of action s (actions being
delete, insert, or change ).
SEE : COMPA RE-SLOT

RETURNS: a LIST-OF-LISIS

(ENVIRO NMENT-DIRECTION <LIST word list
<+-NUMBER: direction of scan>)

This func ti on scans a list of words left-to-r ight or right--to-left and
returns the list of ninimized distinctive features for each position.
If the numer is nega tive , the phonemes are scanned right-to-left.
If the nunber is positive . the phonemes are scanned left-to-right.
Once the "n th" phonemes of the words are gather ed, th ey are converted
to minimal di stinctive fe ature s.
SEE: NTH-ENVIRONMENT

RETURNS: a LIST-) F-LISTS

(FILL-S TAR-SLOTS <LIST list to be exanined
<t-NUMBER: length the list needs to be>)

Thi s func ti on returns the po ssible combinations of a list which needs
slots to be added. The dummy slots are label ed as hkSTARkll slots.

SAAPLE: (FILL-SIAh-SLOIS (e^ z) 4) re turns



((*STAR* *STARk o^ z) (e^ z *STAR* *STAR4) (STAR* e z SIA4))

RETURNS: a LIST-)F-LISTS

(FIND-NEXT-RULE unique list ofphonemes tried><LIST#
<LIST: given rule

<LIST: li st of all rule to try >)

Tnis complex recursive function finds the rules whicn generate the
other affix es given a rule as the norm".
POSSIBLE-RU LES.

This r outine is call ed by

(GET-PREFIX-STEM-SU FFIX <LIST: list of morphemes>)
Thi s func ti on separa tes a list of morphemes into its prefixes. stem.
and sur fi xes. It does so by simple segment matching.
SAM PLE: (GET-PREFIX-5TEM-SUFFIX (falu fala fala"muS fala)) returns

(NIL fal (u a amuS a))
RETURNS: a LIST

(GROUP- REGULA R-STEMS <LIST : words to be anal ized such asPLURALS>)
Thi s func tion groups the regular stems by the ir prefixes or suffixes.
The main functions it calls are SIEM-EXCEPTIONS andGROUP-STEMS-BY-
SEG MENTS.

(GROUP-STEMS-BY-SEGAENTS <LIST:
<LIST:
<LIST:

stem li st
Segnent list>
Word-list

>

>)

Thi s func ti on groups stens by a list of segme ntsi namely prefixes and
Suffi xe s. The main function it calls is ENVIRONMENT-DIRECTION.

(PA IR-POSSI BLE-REGULAR-PS-RULES <LIST: words to be exam in ed> )

Ihis func ti on retur ns the smallest po ssible rules for descr ibing one
pnoneme group changing to another. It returns the smallest logical
rule comb inations using minimal combinatorics.

(POSS IBLE-REGULAR-PS-RULES <LIST: words to be examined such as PLURALS> )

This runc tion returns thẻ small est poss ible requl ar rul es for prefixing
and suf fi xing. The first half of the retur ned li st is ror the
prefixe s. the second for the suffixes.

(POSSIB LE-RULES <LIST: rule s>)
This runc ti on derives the possible rules from alist of pair-generated
rul es. It assumes the first rule to be true and picks conbinations of



the oth er s to derive all poss ible aff ixes.
rule to be true repeating the pro cess until all rules have b9en chosen.

It then picks the second

(SEPARA TE-STE -EXCEPTIONS <LIST: words to be axanined such as PLUKALS>)

This func ti on separates the given words into théir regul ar pr ef ixes
and suffi xe s. (3Ho«TEST-RULE-ACTION-LENG TH <LIST: rul es>)

This runc ti on returns the length of the shortest rule actíons in pa ir-
gener at ed rul es.

(SHORTEST-RULE-ACTION <LIST: rules>)
This func tion returns the rule with the shortest number of rule
actions. These actions include delete (*Di *), insert (*I1*). and
change (*C] *).

(STAR=COMBINAIION <LIST:
<LIST:

rule list l>
rule list 2>)

This function returns the rule lists filled with STARi slots
reacy to be converted into deletes, inser ts, and changes.
given rule li sts do not have egual lengths, then this function
returns all possible slot conbinations.

If the

(STAR-COMBINATIONS <LISI-0 F-LISTS: list of rule pairs>)
This func ti on sends a list of rule pairs to STAR-COMBINATION to fill
in the slots.

DISTINCTIVE FEATURE T00LS

(CONVERT-PHONEMES-TO-MATRIX <LIST: list of phonemes> )

Tnis func ti on converts the given list of phonemes to a special kind of
featuresnatrix. Thismatrixcontains +, -", and ".
chara cter "0 means that that fea ture is not specified and does not
con tr ibute to the i eature distintions .

The third

SAMPLE: (CONVERI-PHONEMES-TO-MATRIX (S 3 s z)) returns

(00+ t 0 0 (0 0 + 0 0 00 0 0 0)

RETURNS: B LIST

(FEATURE-MA IR IX

Inis unc tion returns the boolean matrix associated with the given
feature.

<A TOM: feature>)

SAPLE: (FEATURi-MATRIXtnse) re turns
(+ ++



This tr iv ia l func tion returns the current list of fea ture s fn the
DF table.
SAMPLEB (LIST-FEATURES) returns

(syl cons obs cont high back tnse cp cor lat rnd lab loja
nas voi str)

RETURNS: a LIST

(LIST-PHONEMES <NIL>)

This tr iv ia l function returns the current list ofphonemes in the
DF table.

SAMPLE: (LIST-PHONEMES ) returns

(i i i~ i I | I I- u u4 u u U 0 U U e e e e
o o o o E E E E 0 04 o 0 a a a a a> as a>
a> a^ a^ a a G @r a e^ v^ e y b o d d^ t t
g g> g< K k> k< vf z s /6 10 /3 S x x> m !n n !n N N> !N>
i *1 Í\!1N /2 r^ !r^ *r^ j wh 2)

RETURNS: a LIST

(MA TRIX-COM PARE <LIST:
<LIST:

matriX 1>
ma trix 2>)

This func tion takes two special matrices and compar es them character
by charac ter. A special matrix consists of "+", "0, and "0". If
the chara cters are the same, then the same character is retur ned.
Else, Q" is returned.
SAMPLE: (MAIRIX-COMPARE (+ + t --- 0 0 0)

(+- 0 + - 0 + - 0)) returns

(+ 0 0 0- 0 0 0)

RETURNS: a LIST

.

(AI NI MI ZE-FEA TURES <LIST: list of features and their bool ean signs> )

This runc ti on uses the IMPLIED-TABLE to minimize the given features.
Mininizing means that for any set of features, ther e is a subset of
themwh ich captures" the entire set.

SAMPLE: MINIMIZE-FEATURES (+cons tobs -loja -lat) ) returns

(tobs)
RETURNS: a LIST

(PHONEME-CHANGE <ATOM:
<ATO:

phon eme 1>
phoneme 2>)

Thi s fu nc ti on compares two given phonemes and returns those features



whi ch ditfe r. The foaturo sign which is returned with oach foa ture
is that of the secondphonene (in accordance with the 1den of change).
SAMPLER (PIONENe-CHANGEd d^) roturns (thigh ttnso)
6ETURNS: a LIST

(PHONEAE-DI FFERENCE <ATOM: phonene l>
<ATOM: phoneme 2>)

Thi s func ti on re turns tho feature names (without the signs) of those
fea ture s which have opposi te signs in the given phonemes .

SAMPLE: (PHONEME-DIFFERENCEd a^) returns (hign tnse)
RETURNS : a LIST

(PHONEME-FEATURE-INTERSECTION <ATOM:
<LIST:

phoneme >
features>)

Tnis Iunc ti on returns the comnon features between the given featur es
and the phoneme generated feature .
SAMPLE:(PHONEME-FEATURE-INTERSECTIONb (+cp -rnd +lab )) returns

(-rnd +lab)
RETURNS: a LIST

(PHONEME-FEATURE-INTERSECTIONS <ATOM
<LIST-0F-LISTS:

phon eme
a list of feature lists>))

This func ti on returns the comnon features between the given features
in the the given lists and the phoneme generated features.
SAM PLE: (PHONEME-FEATURE-INTERSECT I ONS

((+cp -rnd +lab) (-rnd -loja +lab )) ) returns

(-rnd +lab)
RETURNS: a LIST

(PHONEME- IMPL IE D-FEATURES <LIST: phoneme s>)

This func ti on converts a lis of phonemes into a minimal list of
distinc ti ve feature s .

SAMPLE: (PHONEME-IMPLIED- FEATURES(S 3 s z)) re turns

(tobs tcont tcor)
RETURNS a LIST

(REWRITE-DF <LIST: new untranspo sed" distinctive Tea tures table>)



This runc ti on rowrites the global variables DFAATRIX and DFIAATHIX
using the untran sposed" format .

(REWRITE-DFT <LIST# new "transposed" distinctíve fe atures table>)

Thi s func ti on rewrites the global var iabl es DFTMATRIX and DFKATRÍX
using the transpo sed" fornat.

(REWRIIE-IMPLIED-IABLE <NIL>)

Tnis runc tion rewrites the global var iabl e IMPLIED-TABLE by using
the function DF-IMPLIED-FEATURES.
tine consuming.

Theref ore, this process is very
(Thats the whole point of having a table! )

k k NOTE : I MPLIED-TABLE is not rewritten when the DF tabl e has been
altered in any way. Therefore, when the user is done
fidd ling with DFtable altercations, he/she should invoke
this function.

DISTINCTI VE FEATURES EDIT COMMANDS

(DI SPLAY-DFMATH IX)

This func ti on displ ays the curr ent Distinctive Featur es table.

RETURNS: di splay of DF table

(ADD-FE ATURE-BERORE <ATOM: feature before
<LIST: new fea ture and fea ture matrix> )

To add a featur e to the DF table simply indicate which pres ent feature
you wish to place the new feature before and follow it by the conplete
new feature natrix.
SAMPLE

RETURNS:

(ADD-FEATURE-BEFORElab (1oja - -))+

0K
W N)-MAT CH=

(ADD-PHONEME-BE RORE

action completed
feature not matched

<ATOM: phone me before
<LIST: new phoneme and phoneme matrix>)

To add a pheoneme to the DF tab le simply indi cate whi ch prese nt ohone ne
you wish to place the newphoneme before and foll ow it by the comolete
new phonene natrix.
SAMPLE:

RETURNS :

(ADD-PHONEME-BEFORE e^m (e^ t -
acti on completed
phoneme not matche d==N0-MA TCH===

-))



(CHANG-FEATURE-VAME <ATOM# old teatur e>
<ATOM now feature> )

This GOmmand allows one to change the name of a foature in the DF
tab le.
SAMPLE:

RETURNS:

(CHANGE-FEATURE-NAMEtnse tens)
OK
N)-MATCH

action completed
feature not natched

(CHANGE-PHO NEME -NAME SATOM: old phoneme>
<ATOM: new phonemne>)

Thi s comnand allows one to change the name of a phone ne in the DF
table.
SAMPLỆ:

RETURNS :

(CiHANGE-FEATURE-NAMEtnse tens)
OK
i==N0-MATCH==

(REPLACE-FE ATU..E-MATRIX

--- actioncompleted
--- phonemenot matched

<ATOM: feature to replace>
<LIST: new feature matrix>)

To repl ace an exist ing fe ature matrix simply indicate the name
of the feat ur e toreplace fo llowed by the complete fe atur e ma trix.
SAM PLE:

RETURNS :

(REPLACE-FEATURE-MATRIXlab (lab - - + -
iHOK
==N0-MATCH==

(REPLACE-PHONEME-MATRIX

action completed
feature not mathed

<ATOM: phoneme to repl ace>
<LIST: new phoneme matrix> )

To replace an existing phoneme ma trix simply indi cate the name
of the phoneme to replace followed by the complete pnoneme matrix.

SAMPLE:

RETURNS:

(REPLACE-PHONEME-MATRIX lab (lab - -+-
"OK
l =NO0-6ATCH==

---action completed
---phon eme not matched

<ATOM: phoneme name>
<ATOM: feature name>
<ATOM or H- >)

--))

--))

(CHANGE-B00LEAN

To change an individual boole an character in the DF table, aive
the phone me nane, Ieature name, and either a t+ or a .

SAMPLE:

RETUHNS:

(CHANGE-BO0LEANb rnd -)
HOK
i=NO)-MA TCH

action completed
---phnon eme or fea ture not matched



(FEATURE-0RDER <LIST: list of ALL the features in de si re d or der> )

To re-order the teatures in the DF table one must 1ist ALL, the
features in the desired order.
SANPLE (FEATURE-ORDER(syl cons obs ... voi str))

OK action completedRETURNS:
l =N0- ATCH=zit feature not matched

(PHONEN E-0RDE R <LIST: list or ALL the phonenes in desired order>)
To re-order the phon enes in the DF table one must l ist ALL the
phonemes in the desired order.

SAM PLE

RETURNS:

(PHONEME-0RDER(i I u 0 e ...r^ jw 2))
(OK action completed

phoneme not na tche d==N0-MATCH==t

DISTINCTI VE FEATU RES RELATED FUNCTI ONS

(DISPLA Y-MATR IX <LIST-OF-LISTS: given matrix>)

This func ti on displays a given matr ix which is a list in the
fol lowing form:
l (inatr ix-t itle
(row-title-i(row-ti tle-2

(row-ti tle-M

heading-1 heading-2 ... heading-N)
boolean-i boolean-2... boolean-N)
boolean-1 boolean-2 ..boolean-N)

boolean-1 boolean-2 ... bool ean-N) J

Thi s func ti on is specifica lly made to di splay b00lean matrice s.
The headings are printed out vertically with a specia l row for
one s ub-character.
charcters.

The row-title however, is limit ed to 4

RETURNS: a displ ay of the matrix

(SPLI I-MATRIX <LIST-)F-LISTS:ma trix to be split>
<NUM BER i split point >)

This func ti on splits up a the DF matrix when the number of boolean
character s is greater than the split point" NUMBER. The headi ngs
and roW -tit le s are correctly rewr i tten in both ha lv es so that they
can be imne diately displayed.
RETURNS: the tWO halves of the natrix in a list

TOOLS



(ANY- IN <L IST: are there any elenentS of this list>
>)<LIST: in this list?

If any element of the f irst list is in the second. thís predicate
runction returns "T". Else NIL.
SAMPLE (ANY-INCA BCDE) F GHD I)) returns
RETURNS: T or NIL

(APUSH <LIST: list to be altered
<ATOM: atom to be PUSHed on to list>)

This nacro is identical to the following:

(SET list (APPENDatom list))
RETURNS : a the new LIST

(BREAK- INTO-SEGMENTS <ATOM: Word or word segment>)

This func tion breaks a word or word segment into a list of its
possi ble se gnents.
SAMPLE: ( BREAK-INTO-SEGMENTS puxa )

(puxa pux uxa pu ux xa p u x a)

re turns

RETURNS: a LIST

(COMBINAT ION-CDR <LIST: list of elements for combina ti on>)
This recurs ive func tion returns all the poss ible arrangements or
the elements in the CDR of the given li st.
SAKPLE : (COMBINATION-CDR CA B C D)) re tur ns

(CA B C D) (A C D B) (A DB C) (A BD C) (A D C 3) (A CBD))

RETURNS: a LISI-F-LISTS

(COMBINAT ION-0RDER <LIST: list or el ements for combinati on> )

Thi s functi on usesCOMBINATION-CDR to produ ce all pos sible
arr angement s of all elenents.
SAMPLE: (COMBINATION-RODERCA BC)) returns

(CA B C) (BC A) (cA B) (A C B) (C B A) (BA C))

RETURNS: a LIT-OF-LIS[S

(COMBINATION-PA IR <LIST: list of elements for combinat ion> )



Ihis func ti on ret urns allNON-ORDEREDcombination of PAIRS of the
elemernts.

SAHPLE: (COMBINATION-PAIRCA BC D)) re turns
((A B) (A C) (A D) (B C) (B D) (C D))

RETURNS t a LIST-0 F-LISTS

(COMBINE <ATOM: atom to be conbi ned>
<LI ST: list of "combinees"> )

COABINE Combine s the given ATOM with each element of the
given LIST.
SAMPLE: (cOMBINEA (B CD E)) returns

((A B) (A C) (A D) (A E))

RETURNS: a LIST-0F-LISTS

(COMBINE-APPEND <ATOÁ: atom to be comb ined>
<LIST: 1ist of combinees>)

COMBINE-APPENDComo ines the given ATOM by APPENDing it with e ach
element of the given LIST.
SAMPLE: (COMBINE A CB c) (DE F) (G H i J))) re turns

(A B C) (A DE F) (A GHIJ))

RETURNS: a LIST

(COMMON-ELEMENT <LIST: list #|>
<LIST: list #2>)

This runcti on returns all the comnon elements of the two lists.
SAMPLE:(COMMON-ELEMENICA BC) (B CDE)) retur ns

(B C)

RETURNS: a LIST

(CO MAON-ELE MENTS <LIST-O F-LISTS> )

This unc tion returns the comnon elements of all the lists in
the given list.
SAMPLE: (COMKON-ELEMENTS (CA BC D) (BCD E) (C D E)) returns

(C D)

(COWAON-SEG MENTS <LIST: list of words>)



Inis Iunc ti on returns the comnonsegnents of the given words.
Note that thi s doe s not return the UNIQUE Segmont s be cause it
is some times useful to know the number of ocurren ce s of a given
Gonmon se gnent.

(COMMON-SEGMENT3 (Ni ssi ssi ppi sip)) rotur nsSAMPLE:

(s ip st si ip i ssis s ipp i)
RETURNS: a LIST

(FI RST-N-ELEMEN TS <LIST: list to be looked at>
<+NUMBER: nth element >)

Inis Iunc ti on can return the nth element either from the front
to the back. The number must always be positive.

SAMPLE: (FIRST-N-ELEAENIS CA B cDE) 3) returns

(A B C)

RETURNS: a LIST

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

IN is a preticate function which re turns WT# if the item is in
the list and NIL if it is not.
SAM PLE: (IN C CA BC D E)) re turns T

RETURNS: T or NIL

(hA XIMUM-CHARAC TER-LENGTH <LIST: list of words>)

Tnis func ti on returns the length of the longest word in the
given list.
SAMPLE: (MA XIMU-CHARACTER-LENGTH (tudo bem)) re turns 4

RETURNS: a NUMBER

(MAXI MUN- SPEI CA L-WORD-LENGT H <LIST: list of words>)
Tnis unc ti on returns the length of the longest word in the
given l ist but uses theSPECIAL-EXPLODEinstead of the regular
EXPLODE.

SAMPLE: (AXIMU-NORD=LENGTH(bv^g bv^gz ) ) retur ns 4
RETURNS: a NUMBER

(AAXLIST <LIST: of nunbers>)
MAXLIST simply returns tne maximun value of a list of numb ers.



SAMPLE: (MAXLIST0 4 3524 3)) returns 5
RETURNS: a NUMBER

(MEM3ERS <LIST : of items to look for >
<LIST: list to be searched >)

This predLcate runction searches a list for a list of items .
SAMPLE: (MEMBERS CA B C) OX Y ZA BC D)) returns T

RETURNS T or NIL

(AINLIST <LIST : of numbers>)

MINLIST Simply returns the minimum value of a list of numoers.
SAMPLE: (MINLIST (3 4 3 1 24 3)) re turns 1

RETURNS: a NUMBER

(4O VE-NTH-TO-FRONT <LIST: list of elements
<t-NUMBER : nth element to be mo ve d> )

This function noves the nth element to the front of the list.
If the nu b er is positi ve, the nth element from the left is
moved. If negati ve. the nth element from the right is moved.
SAMPLE: (A BCDE) 3) retur ns(MOVE-NTH-TO-FRONT

(CA B D E)

(MOVE-NTH-TO-FRONTCA BCD E) -2) returns
(D A BCE)

RETURNS : a LIST

(MOVE-I(-FRONT <ATOM: element to be moved>
<LIST: 1ist of elements >)

Thi s func ti onmoves the given element to the fr ont of the list.
SAMPLE: (AOVE-NTH-T0-FRONT C A BCDE))returns

(C A B DE)

RETURNS : a LIST

(NTH-ELEMENT <LIST: a list of elements>
<t-NUMBER: nth element >)

This func ti on gets the nth element of a given list. If the
number is positive , the nth element fron the left is obtained.

Or



If the nunber is negati ve, the nth element from the ríght is
obtained.
SAMPLE:

Or

(NTH-ELEAENT CA BOD E) 2) roturns B

(NTH-ELEMENT (A BC DE) -2) returns D

RETURNS: an el ement

(NTHCHA R-LI ST <LIST: a list of words >
<t-NUMBER: nth character>

NTHCHAR-LIST isNTHCHAR applied to a list of argument s.
SAMPLE* (NTHCHAR-LIST (como vai voce) 2) retur ns

(o a )
(NTHCHAR-LIST (como vai voce) -2) returns
(m a c)

a LIST

Or

RETURNS:

(NU MBER-OF-0CCU RENCES <ATOM: item to be counted >
<LIST: lịst to be searched>)

Thi s func ti on counts the number of a specified item in a given
1ist.
SAMPLE:

RETURNS:

(NUMBER-OF-0CCURENCES A CA BDAFA G)) returns 3
a NUMBER

(RE MOVE-CHARACTER <ATOM# character to be removed>
<LIST: list of words >)

Tnis func ti on removes a character from a list of words.
SAMPLE: (REMOVE-CHARACTER a (faith and toast) ) re turns

(rith nd tost)
a LIST

(REMO VE-CHA RACIERS

RETURNS :

<LIST: characters to be removed>
<LIST: list of words >)

This func ti onremovesa li st of characters from a l ist of words.
SAAPLE: (REMOVE-CHARACTERS (a t) (fai th and toast )) returns

(fih nd os)
a LISTRETURNS:



. (REMOVE-FIRST-000URENCE <ATOM: item to be r emoved >
<LIST: list to be searched>)

This runc tion renoves the first o ccurence of a spec if ied 1tem
in a given li st.

(REMOVE-FIRST=)CCURENCEA (UIAOA E)) returnsSAMPLE:

(0I 0 AE)
a LISTRETURNS:

(REMOVES <LIST : list of elements to be removed>
<LI ST: 1ist to be searched >)

This removes all occurences of the elements in the element list
from the given ist.
SAMPLE: (REMOVES (A B) CA B DA 0 NBE)) returns (D 0N E)
RETURNS:a LIST

(REPLACE <ATOM: old item
<AT9M new item
<LIST : list to be searched> )

To repl ace an item in a list, give this function the old nane of
the atom, the new name, and the l ist in which it is to be changed.
SAMPLE:

RETURNS :

(REPLACES

(REPLACE A 0 (D A N E)) re turns (D 0 N E)

a LIST

<ATOM: old item
<A TOM: new item
<LIST-0F-LISTS: lists to be searched>)

To repl ace an item in a list of l ists, give use this function the
old nane of the atom, the new name, and the list of l ists in which
it is to be changed.
SAMPLE: (REPLACES A 0 (CD A N E) (F A R) (N A W)) returns

((D 9 N E) (F 0 R) (N0 W))

a LIST OF LISTSRETURNS:

(REPLICATE <ATOM : item to be replicated>
<NUMBER: number of repl icas >)

Thi s functi on creates a list of items which the user soecifies.
SAM PLE : (REPLICATE *STAR* 3) returns (*STAR* *STARt *STAR*)
RETURNS: a LIST



(REVERSES elLIST=0-LISTS: list of l ists to be reversed>)
This func ti ons reverses a li st of lists.
SANPLE: (REVERSES (A 8 c) 0 E) (H))) returns ( (C BA) (E D) (F))
RETURNS: a LiT-OF-LISTS

(ROTATE-LEFT <LIST: list to be rotated>)
This runc tion rotates the elenents in the given 1ist left.
SAM PLE: (ROTATE-LEFTCA BCD E)) re turns (B CDE A)
RETURNS: a LIST

(ROTATE-LIST <LIST: list to be complete ly rotated>)

Tnis func tion rotates a list to left until it returns to its
origina l form.
SAMPLE: (ROTATE-LIST (A B C)) returns ((A B C) (B C A) (CA B))

RETURNS : a LIST-0F-LISTS

(ROTATE-RIGHI <LIST: list to be rota ted>)
Thi s functi on rotates the elenents in the given l ist right.
SAM PLE: (ROTAIE-RIGHT ' (A BCD E)) returns (BCDE A)
RETURNS: a LIST

(RREMOVE <ATOM : element to be removed>
1ist to be altered >)<BOUND-ATOM:

This macro is identical toREMOVEexcept ror the fact that the
list given ispermanently altered.
SAM PLE : ( SETO L CA B C D))

(RREMOVE 'A L) returns (B C D)

L is now bound to (BC D)

RETURNS: a LIST

(hRETURN <BoUND-ATOM: name of list to be reverse-re turn ed>)

This macro is identical to theRETURNin aPROGexcept that it
reverses the list before it returns it.
SAMPLE: (RRETURN HEN-LIST) 1s 1dentical



(RE TURN (REVERSE NEN-LIST)) in a PROG

RETURNS: a LIST

(SEPARATE-EXCEPTIUNS <LIST#
<NUMBER:

list oI elements
number which constitutes an exception> )

This runc ti on separates the elements of a 1 ist into "regular# and
except iona l" elenents. The "r egul ar el ements are those elements
whi ch o ccur more than the specified nunber for an e xception.

(SEPARATE-EXCEPTIONS (s z s e^z s z z)) re turnsSAMPLE:

((s z) e^z)

RETURNS: a LIST: CAR -- the LIST of "regu lar " elements
CDR -- the LIST of the "except ions i!

(SHORTEST-CDR-LISTS <LIST-0OF-LISTS: given lists to be examined> )

Thi s func ti on returns the lists which have the shorte st CDRS.

SAMPLE: (SHORTEST-CDR-LISTS (A BC) (A D) (A B) (D E F)) returns

( (A D) CA B))

RETURNS: a LIST-0F-LISTS

(SHORTEST-L IS -LENGTH <LIST-O F-LISTS: given lists to be examined>)
Thi s function returns the length of the shortest li st length of
the given lists.
SAM PLE:

RETURNS:

(SHORTEST-LIST-LENGTH (CA BC) (A B) (A BC D))) returns 2

a NUMBER

( SP ECIAL-EXPLODE <AIOM: Word to explode > )

This func ti on is used to explode words which are spel led using the
phone tic notation in the DF table.
often nore than one ASCII character to re pre sent a phoneme.

This is needed because there is

SAMPLE (SPECIAL-EXPLODE *r^a'p) returns (*r^ a p)
RETURNS : a LIST

(SPECIA L-NTHCHA R SATOM: word to be searched
<+-NUMBER , nth spe cial chara cter to be returne d> )

This func ti on is used to get the nth character of a special word.
(SPECIAL nean ing that it usesSPECIAL-EXPLODE for phone tically
spe lled words).



SAMPLE: (SPECIAL-NTHOHAR*r^ap 2) roturns
RETURNS: an ArO

(SPECLAL-NTHOHAR-LIST <LIST#
<t-NUHBER:

Words to be sear ched
nth spe cial charac ter to be returned> )

This runc ti on is used to get the nth charactor of8 1ist of soecial
Words.
spe lled words).

(SPECIALn9aning that it usesSPECIAL-EXPLODE for phonetícally

SANPLE: (SPECIAL-NTHCHAR (*r^es da"p ok) 2) returns (e a o)
RETURNS: an LIST

(SPLI CE <ATOM: old item
<LISTA list to be spliced in place of the old item>

>)<LIST: 1ist to be searched

To spli ce a list into a list, give this function the old name of
the atom, a list ot be spli ced, and the list into
be soli ced.

which it is to

SAIPLE: (SPLICE A (0 N) CD A E)) returns (D 0 NE)

RETURNS: a LIST

(SPLICES
<LIST

old item
: list to be spliced in place of the old item>

<LIST-OF-LISTS: list to be searched

<ATOM

>)

To splice a list into a list of lists, give this func tion the old
nane of the atom, a list ot be spliced, and the 1 ist of lists into
which it is to be spliced.
SAMPLE: (SP LI CE A C0 N) (CW A) (T A)) returns ((W o N) (T 0 N))

RETURNS: a LIST-0F-LISTS

(SPLII-LI ST <LIST
<+NUMBER:

list to be split>
splitting point >)

Io split a list in two, simply send this functi on the list to be split,
and the number of the elenent which is to be the CAR of the second
half,
SAMPLE: (SPLIT-LISI /(A BCD E) 3) re turns ((A B) (C DE))
RETURNS: a LIST: CAR -- first half

CAD -second half

<ATOÁ: front aton to be squashed>
SATO K:back atom to be squa shed >)

(SJUASH

Thi s func ti on squashes two atoms into one. If one of the atons is NIL,



then the other aton returned.
SAMPLE# (5004SH con 'pound) returns compo und"

RETURNS: an ATOM

(SQUASH-LIST <LIST: list of atons to be squasned> )

Thi s func ti on squashes a list of atoms into one. If one of the atoms
is NIL, tnen the other atoms are squashed.

SAMPLE: ( SJUASH (M i ss i ss ipp i )) returns "Mi ssissi ppi

RETURNS : an ATOM

(STRING-SUB SE T <ATOM:
<ATOM:

subse t to be se ar ched for>
Word to be sear ched >)

This fu nc ti on searche s a word for a given subset and divides the word
into three pieces: segments before the subset, the subset it se lf. and
Segments af ter the segnent.

SAMPLE: (STRING-SUBSET guard irreguard le ss) returns

(irre guard less)
RETURNS: a LIST: lst element -- segment befor e

2nd el enent-- subset being sear ched for
3rd el ement--segm ent after

list to be stripped> )(STRIP-ONE-LEVEL <LISI:

This iunc ti on strips one set of parenthes ises from every el ement
in the li st.
SAMPLE: (STRIP-0NE-LE VEL ((A B C) (D (E F)D) re turns

(A BC D (E F))

a LIST

(TALLY-ELEMEN TS <LIST: list of elements to be talli ed>)
Tnis func ti on tallies all the elements in a list and returns the
number of occ urences of ea ch element.

SAMPLE: (TALLY-ELEMENTSCA B CADABE D)) returns
((A 3) (8 2) (C ) (D 2) (E 1))

RETUKNS: a LI5T

(TRANSP0SE <LI SI-)F-LISTS: a li st of lists to be transposed>)
This Iunc ti on transposes a list of lists much like ama trix is

RETURNS:



transpo sed in math. Another way of thinking about it is revers ing
the rOws and colunns ofa table.
they ar e re moved.

If there are any blanks (or NILS),

SAM PLE: (TRANSPOSE (OT S S D) (R PE) (A 0) (N ))) returns

((TRA N) (SP0) (S E) (D))
RETURNS: a LIST-OF-LISTS

(UNIQUE-ELE MENTS <LIST: a list to be searched for unique elements> )
Thi s func ti on re turns a list of the unique elements of the given list.
SAMPLE: (UNIQUE-ELEMENIS (U NUNIUQ I UE)) re turns

(UNIuU E)
RETURNS: a LIST



(DE ADD-FEA TURE-8GFORE (BEFORE NEN-FEATURE)
(PROG (NEN-ATRIX FEATURE-L.IST)

(COND L(NOT (IN BERORE (LIST-FEATURES) )) (RETURN
(SETONE-MATRIX (LIST (CARDFTMATRIX)))
(SETQ EATU RE-LIST (CDR DETMATRIX))

NEXT=FEA TU RE

)-MAICH==)])

(COND (EQUAL BEFORE (CAAR FEA TURE-LIST )) (PUSH NE N-MA TRIX NEN-FEATURE) 1 )
(COND l(NULL FEATU RE-LIST)

(RENR ITE-DFT (REVERSE NEW-MATRIX))
(RE IURN OK)I )

(PUSH NEN-AA TRIX (CAR
(POP FEA TURE -LIST)

FEATURE-LIST))

(GO NE XT-FEATURE )))

(DE AD)-PHO NEME -BEFORE (BEFORE NEW-PHONEME)
(PROG (NEN=MATRIX PHONEME-LIST)

(COND L(NOT (IN BEFORE (LIST-PHONEMES) )) (RETURN ===\0-A TCH===) ])
(SETQ NEV-MATR iX (LIST (CAR DEMATRIX ) ))
(SETQ PHONEME-LIST (CDR DEMATRIX))

NE XT-PHONE ME
(COND t(EQUAL BEFORE (CAAR PHONE ME-LIST) ) (PUSH NEN-MA TRIX NEN-PHONEME) 1)
(COND l(NU LL PHONEME-LIST)

(RE WRITE-DF (REVERSE NEN-MA TRIX))
(RETURN OK)))

(PUSH NE N-MA TR I X (CAR PHONEME-LIST ))
(POP PHONE ME-LIST)
(GO NEXT-PHONEME )))

(DE ANY-IN (LIS[-1 LIS[-2)
(PROG NIL
NEXT-ELEMENT

(COND L( IN (CR LIST-1) LIST-2) (RETURN T)J
((NJ LL LIST-1) (RETURN NIL)I )

(POP LIST-1 )
(Go NEXT-ELEMENT )))

(DM APU SH (BO DY )
(LIST SETO (CADR BODY) (LIST APPEND (CADDR BODY) (CADR BODY))))

(DV BOU NDRI ES (% + S =))

(DE CHA NGE-BOOLEAN (PHONEME FEA TUKE BOOLEAN )
(PROG (BO0LEAN-MATRIX FEATURE-LIST NEN-MATRIX)

(SETQ BOOLEAN-MATRIX (PHONEME-MATRIX PHONEME))
(SETQ FEATURE-LIST (LIST-FEATU RES))

NEXT-B00 LEAN
(COND LCNULL B0) LE AN-MATRI X)

(COND [ (NULL NEN-MA TRIX) (RETURN ===N)-MAICH=) ]
LT (REPLACE-PHONEME-MATRIX

PrHoNEME
(CONS PHONEME (REVERSE NEW-MATRIX )) )

(RETURNOK) ))]
t(EOUA L FEATURE (CAR FEA TURE-LIST)) (PUSH NEN-MA TRIX BOOLEAN))
LT (PUSH NEN-MATRIX (CAR 800LEAN-MATRIX)) 1)

(POP BOX0LEAN-AATRIX)
(POP FEATU RE-LIST)
(G0 NEXT-B00LEAND))

(DE CHANGE- HEATURE-NA/KE (OLD-FEATU RE NEN-FEA TURE)



(COND ((IN OLD-FEATURE (LIST=FEATURES))
(REPLACE-FEATURE-MATRIX
OLD-FEATURE
(CONS NEN-BEATURE (FEATURE-ATRIX oLD=FEATURE ))) J

(T =NO-A TCl==]))
(DE CHANGE-PHONEME-NAME (OLD=PHONEME NE-PHONEME)
(COND tC IN OLD-PHO NEME (LIST=PHONEMES))

(REPLACE-PHONEME-MATRIX
oLD-PHONEME
(CONS NEN-PHONEME (PHONEME-MA TRIX OLOD-PHONEME) )) I

(T ==NO- MATOCH===)))

DE COMBINATION-CDR (GIVEN-LISI)
(COND L (NULL (CDDR GIVEN-LIST) ) (LIST GIVEN-LIST ) )

(I (OMB INE-APPEND
(LIST (CAR GIVEN-LIST))
(STRIP-0NE-LEVEL
(MAPCAR (LAMBDA (A-LIST) (ROTATE-LIST A-LIST ))

(COMBINATION=CDR(CDRGIVEN-LIST))))) I))
(DE COMBINATION-0RDER (GIVEN-LIST)
(APCAR CDR(COMBINATION-CDR(CONS * GIVEN-LIST ))))
(DE COKBI NA TION-PAI R (GIVEN-LIST)
(PROG (PAIR-LI ST NEN-LIST)
NE XT-GROUP

(COND [(NU LL (CDR GIVEN-LIST)) (RRETURN NEN-LIST) J )
(SETQ PA IR-LIST (CDR GIVEN-LIST) )
(APUSH NEN-LIST (REVERSE (COMBINE (CAR GIVEN-LIST) (CDR GIVEN-LIST)) ))
(POP GIVEN-L IST)
(G0 NEXT-GROUP )) )

(DE COMBINE (RO0T GIVEN-LIST)
(MAPCAR (LAMBDA (ELEMENT) (LIST ROOT ELEMENT)) GIVEN-LIST ))

(DE COKBINE-A PPEND (RO0T GIVEN-LIST)
(AAPCA R LA MBDA (ELEMENT) (APPENDROC0TELEMENT)) GIVEN-LI ST))

(DECOMMON-ELEMENT (LISTI LIST2)
(PROG (NEN-LIST)
NEXI-ELE MENT

(COND ((NULL LISTI) (RRETURN NEN-LIST))

(POP L1STI )
(IN (CAR LIST1) LISI2) (PUSH NEN-LIST (CAR LISTI))})

(GONEXI-ELEMENT)))

(DE COMMON-ELEAENTS (GI VEN-LIST)
(PREVIOU S-LI ST )
(COND (( NULL GI VEN-LIST) (RETURN NIL) ) )

(PROG

(SETQ PAEVIO US-LIST (CAR GIVEN-LIST) )
NEXT-LIST

(POP GIVEN-L IST)
(COND [(NULL GIVEN-LIST) (RRETURNPREV I0US-LIST) ))
(SETQPREVIOUS-LIST(COMMON-ELEMENTPREVIQUS-LIST (CAR GIVEN-LIST )))
(GO NEXI-L IST)))

(DE COMMON-SEGMENTS (HORD-LIST)
(PROG (SEGMENT-L IST)

(SETO SEGHEN T-LIST (BREAK-INTO- SEGMENTS (CAR WORD-LI ST)))



NE XT-NORD
(POP NORD-LIST)
(COND ((NU LL HORD-LIST) (RETURN SEGMENT-LIST)I)
(SETQ SEGMENT-LIST

(COMMON-LeMENI
SEGAENT-LIST
(BREAK-INTO=SEGMENTS (CAR WORD-LIST)) ))

(G0 NEXT-NORD) ) )

DE COPARE-LIST-0F-SLO0TS(GIVEN-LIST)
(STRIP-0NE-LEVEL.
(STRIP-ONE-LEVEL
(MAPCAR CLAMBDA (A-LIST) (COMPARE-SLOTS A-LIST)) GIVEN-LI ST))))

(DE CONVERT-PHONEME S-T0-MATRIX (PHONE ME-LIS)
(PROG (NEN=MATRIX NEXT-MATRIX)

(SETQ NEW-MATRIX (PHONEME-MATRIX (CAR PHONEME-LIST )))
NE XT-COMPA RE

(POP PHONE ME-LIST)
(cOND t(NUL. PHONEME-LIST) ( RETURN NEW-MATRIX) J)
(SETQ NEXT-MATRIX (PHONEME-MATRIX(CARPHONEME-LIST) )
(SETO NEN-MA TRIX (MATRIX-COMPARE NEN-MATRIX NEXT-MATRI X))
(G0 NEXI-COMPARE) ))

(DE COMPARE-SLOI (GIVEN-LI SI)
(PROG (NEN -LIST CAR- CAR-2 SLOT-COUNT SLOT-LIST- l SLOT-LI ST-2 ENVIRONMENT)

(SETQ NVIRO NMENT (CAR GIVEN-LIST) )
(SETQ SLOT-L IST-1 (CADR GIVEN-LIST ))
(SETO SLOT-LIST-2 (CADDR GIVEN-LIST))
(SEIQSLOT-COUNT I.)

NEXT-SLOT
(SETQ CAR-1 (CAR SLOT-LIS[-1))
(SETQ CAR-2 (CAR SLOT-LIST-2))
(COND L(NULL SLOT-LIST-1) (RRETURN (LIST NEW-LISTENVIRONMENT)))

((EQUAL CAR-2 *STAR*)
(PUSH NEW-LIST

(LIST(SQUASH-LIST(LIST /*ISLOT-COUNT *)) CAR=1)))
[(EQUAL CAR-1 *STAR*)
(PUSH NEN-LIST

(LIST(SQUASH-LIST(LIST *DSLOT-COUNT*)) CAR=2))1
L(NOT (EQUAL CAR-1 CAR-2))
(PUSH NEN-LIST

(LIST(SQUASH-LIST (LIST /*CSLOT-COUNT *))
CAR-2

(PHONEE-CHANGECAR-2CAR-1 ))))
(INCRSLOT-COUNT)
(POP SLOT-LI ST-1)
(POP SLO T-LI ST-2 )
(G0 NEXT-SLOT) ))

(DECOMPARE-SLOTs (LIST-0-LISTS)
(HITH (RULES)

(SETQ RULES
(SHORTEST-CDR-LISTS
AAPCAR (LAMBDA (A-LIST) (COMPARE-SLOT A-LIST) ) LIST-0F-LISTS) ))

(APCAR LAMBDA(A-LIST)
(COMBINE (CAR A-LIST) (COMBINATION-0RDER (CADR A-LIST))))

RU LE S) ) )

(DE DELETE-FEATURE (FEATU RE)



(PROG (NEW=MATRIX FEATURE-LIST)
(SETQ EATURE-LIST(LIST=FEATURES))
(COND L(NOT (N FEATURE PEATURE-LISI)) (RETURN
(SETO E N-ATRIX (LIST (OARDEIMATRIX)))

y()-MATCh#me)])

NEXT=FEA TU RE
(COND L(NULL FEATURE-LIST)

(RENRITE-DFT(REVERSENEN-MATRIX))
(RETURN OK))
((NOT (EQUAL FEATURE (CAR FEATURE-LIST) ))
(PUSH NEW-MATRIX (ASS0C (CAR FEATURE-LIST) DFTMATRIX)) I)

(POP FEATU RE-LIST)
(GO NEXT-FEATURE )))

CDE DELETE-PHONEME (PHONEME)
(PROG (NEN=MATRIX PHONEME-LIST)

(SETQ PHON EME-LIST (LIST-PHONEMES) )
(COND l(NOT (IN PHONEME PHONEME-LIST)) (RETU RN ===N(-MATC{===) J )
(SETO NEN-MATR IX (LIST (CARDFMATRIX )))

NEXT-PHONE ME
(COND [(NULL PHONEME-LIST)

(REWRITE-DF (REVERSE NEN-MATRIX ))
(RETURN OK) )

L(NOT (EQUALPHONEME(CARPHONEME-LIST) ))
(PU SH NEN-MATRIX (ASSOC (CAR PHONEME-LIST) DFMATR IX 0) I)

(POP PHONEME -LIST)
(G0 NEXT-PHONEME )))

(DV DFMATRIX ((ENGLISH syl cons obs cont high back tnse cp cor lat rnd lab
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(DE DISPLAY-D FMATRI X NIL
(PROG (DEMATRI X-MI NUS-TI TLE THO-HALVES BOOLEAN-LIST SPLIT-Po INT)

(SETQ DFMATRIX-MI NUS-TITLE (CONS (CDARDETMATRIX) (CDR DFTAATRIX)))
(TERPRI)
(PRI NC (CAAR DETMATRIX))
(COND [(LE SSP (LENGTH (LIST-PHONEMES)) 66.)

(DISPLAY-MATRIX DEMATRIX-MI NUS-TITLE)
(RE TURN T)1)

(SETO SPLI [-POINT 3.)
(SETOBOOLEAN-LIST(FEATURE-MATRIX syl ))

NE XT-B 00LE AN
(COND [(NOT (EQUAL(CARBOOLEAN-LIST) -))

(POP BO0LEAN-LIST)
(INCR SPLI T-P0INT)
(GO NEXT- B0)LEAN) J)

(SETQ THO-HALVES (SPLII-MA TRIX DEMATRIX-MI NUS-TITLE SPLIT-Po INT ))
(DISPLAY-MATRIX (CAR THO-HALVES))
(COND (NOT (NU LL (CADR TNO-HALVES ))) (DISPLAY-MATRI X (CADR THO-HALVES )) 1)(RETURN T)))

(DE DISPLAY-MATRIK (GIVEN-MATRIX)
(PROG (FEATU RE-LIST B00LEAN-LIST PHONEME-LIST SPECIAL-COUNT CHARACTER SUB-FLAG

FIRST-CHARACTER-LIST FLAG-PHONEMES)
(SETQ FLAC-PHONEMES (CAR GIVEN-MATRIX))
(SETQ FEATURE-LIST (CDR GIVEN-MA TRIX))
(COND [ (ANY- IN (NTHCHAR-LIST FLAG-PHONEMES 1.) SPECIAL-SUB-CHA RACTERS)

(SE IJFLAG-PHONEAES
(REMOVE-CHARACTERS SPECIAL-SUB-CHARAC TERS FLAG-PHONEMES))

(SETOSUB-FLAG T)))
(SETO SPECIAL-COUNT (A XIMUM=-CHARACTER-LENGTH FLAG-PHONEMES))

NEXT-CHARACTER-LINE
(COND (ZE ROPSPECIAL-CUUNT)

(CUND [SUB-FLAG (SETO FIRST-CHA RA CTER-LIST
(NTHCHAR-LIST (CARGIVEN-MA TRIX) 1.))



(TEXPRI)
(TAB 6.)
(Gu NEX[-SU B=CHA RACTER) J

(I (TERPRI) (G0 PRINT-PEATURE)))1)
(SETQ PONEME-LIST FLAG=PAONEMES)
(TERPR)
(TAB O.)

NEXT-CHARACTER
(CUND ((NU LL PHONE ME-LIST) (DECR SPECIAL-COUNT) (GO NEXT-CHARACTER-LINE) ))(SETQCHARACTER (NTHCHAR (CAR PHONEME-LIST) SPECIA L- CUNT))
(COND LCNULL CHARACTER) (SPACES 1.)) (T (PRINC CHARACTER)J )
(POP PHONE ME-LIST)
(GO NEXT-CHA RACTER)

NE XI-SUB-C HA RACTER
(COND (( NULL FIRST-CHARACIER-LIST) (TERPRI) (GO PRINT- FEATUHE) 1

((IN (CAR FIRST-CiHARACTER-LIST) SPECIAL-SU B-CriARACTE:S)
(PRINC (CAR FIRST-CHARACTER-LIST)) J

(T (SPACES 1.) J)
(POP FIRSI-CHARACTER-LIST)
(GO NEXT-SUB-CHA RACTER)

PRINI-FEATURE
(COND L(NULL FEATURE-LIST) (RETURN TDI)
(PRINC (CAAR FEATURE-LIST))
(SETQ BOOLEA N-LIST (DAR FEATU RE-LIST) )
(POP FEATU RE-LIST)
(IAB 6.)

NEXT-B 00LEAN
(COND [ (NU LL BO0LE AN-LIST) (TERPRI) (GO PRINT-FEATU RE) J)
(PRINC (CAR B00LEAN-LIST ))
(POP B00 LEAN -LIST)
(G0 NEXT-B00 LEAN)))

1CDE ENV IRONMENT -DIRECTL ON (M0RPH-LIST DIRECTION)
(PROG (NEN-LIST COUNT LIMIT)

(SETQ LIMI I (ADD1 (MAXIMUM-SPECIAL-NORD-LENG TH MORPH-L IST ) ))
(COND L(LESSP DIRECTION 0.) (SETO LIMIT (MINJS LIMIT)) (SETJ COUNT -1.)]

(T (SETO COUNT 1.)1)
NEXI-ENV IRONIMENT

(COND L(EJJAL COUNT LIMIT) (RRETURN NEW-LIST) J)
(PUSH NE W-LIST (NTH-ENVI RONMENT MORPH-LIST COUNT))
(COND [(LE SSP DI RECTION 0.) (DECR COUNT) ] (T (INCR COUNT) ] )
(GO NEXT-ENV IRONMENT)))

i(DE
(PROG (FEA TURE-LIST FEATURE-DI FFERENCES)

(SETQ PE ATURE-LIST (LISI-FEATURES))

FEATURE -DI FHERENCE (MATRIX)

NEXT-FEA TU RE
(COND [ (NULL MATRIX) (RRETURNFEATURE-DIFFERENCES))

[(EOUAL (CARMATRIX) 0)
(PUSH FEATURE-DI FHERENCES (CAR FEATURE-LIST )) 1))

(POP MATRIX)
(POP FEATU RE-1. IST)
(G0 WEXT-FEATURE )))

(DE FEATURE-MAT RIX (FEATURE) (CDR (ASSOC FEATURE DFTMATRIX) ))

(DE FEATURE-ORDER (FEATURE-LIST)
(PROG (NEN-MATRIX)

(SETO NEN-MATRIX (LIST (CAR DFTHATRIX)))



NEXT-FEA TU RE
(COND ((NULL FEATURE-LIST)

(RENR ITE-DFC (REVERSE NEN-MATRIX))
(RETURN OK))
((IN (GRFEATURE-LIST)(LIST=FEATURES))
(PUSH NEiN-lATRLX (ASS0C (CAR FEATURE-LIST) DFTMATRIX))
(POP REATURE-LIST)
(GO NEXT-FEATURE) 1

(T (RETURN N0-MATCH) 1 )))

(DE FEATURES (MATRI X)
(PROG (FEATU RE-LIST FEATURES-FoJND)

(SETQ FEAT JRE-LIST (LIST-FEA TURES))
NEXT-FEA IU RE

(COND L (NU LL MATRIX) (RRETURN FEATURES-FoUND) )
((NOT(EQUAL(CARMATRIX) 0))
(PUSH FEATURES-FOUND(SJUASH (CAR MATRIX) (CAR FEATURE-LIST )))I)

(POP MATRI X)
(POP FEATU RE-LIST)
(G0 NEXT-FEA TURE)D)

CDE FILL- SIAR-S LOTS (GIVEN-LIST LENGTH-T0-BE)
(HITH (LENGTH-OF-LIST LENGTH-DIFFERENCE)

(SETQ LENGTH OF-LIST (LENGTH GIVEN-LIST ))
(SETQ LENGTH-DIFFERENCE (DIFFERENCE LENGTH-TO-BE LENGTH-O F-LIST))
(SPLICES *DUMMY*

GIVEN-LIST
(CO MBINAT ION-0RDER
(CONS *DUMMY* (REPLI CATE *STAR* LENG TH-DIFFERENCE) )) )) )

(DE FIND=NEX[-RULE (UNIQUE-LIST GIVEN-RULE RULE-LIST)
(PROG (NEN-LIST RULE SAVE-RULE-LIST)

(SETQ SA VE-RULE-LIST RULE-LIST)
(SETQ NE V-LI SI (LIST GIVEN-RULE) )

NEXI-RULE
(SETQ RULE (CAR RULE-LIST) )
(COND (NU LL RULE-LIST) (RRETURN NEN-LIST) I

[CAND LIN (CAA R RULE) UNIQUE-LIST J
CNOT (IN (NTH-ELEMENT (CAR RULE) 2.) UNIQUE-LIST) ] )

(PU SH NEN-LIST
(COMBINE GIVEN-RULE

(FIND-NEXT-RULE
(UNIQUE-ELEMENTS
(A PPEND UNIQUE-LIST

(FIRST-N-ELEMENTS (CAR RULE) 2.)))
RULE

SAVE-RULE-LIST)))
(POP RULE-LISI)
(G0 NEXT-RULE) ))

(DE FIRST -N-ELEMENTS (GIVEN-LIST NUMBER)
(PROG (NEN-LIST)
NE XT-ELE ME NT

(COND (ZE ROPNUMBER) (RRETURN NEN-LIST) 1)
(PUSH NE I-LIST (CAR GIVEN-LIST))
(POP GIVEN-L IST)
(DECR NUMBER)
(G0 MEXT-ELEMENT ))))

(DE FEATUHE-IMPLIED-PHOMEMES (SIGN-AND-FEATURE)



(PROG (PHONENE -LIST NEN-LIST SIGON B00LEAN-LIST)
(SETQ SIGN (CAR (EXPL0DE SIGN-AND=FEATURE)) )
(SETQ BOOLEAN-L.IST

(FEA TURE-ATRIX (READLIST (CDR (EXPLODE SIGN-AN) =FEATURE)))) )
(SETQ PHONEME-LIST (LIST=PHONE MES) )

NEXT=PHONE ME
(CUND L(NU LL PHONEME-LIST) (RRETURN WEN-LIST) )

((EQUAL SIGN (CARB00LEAN-LIST))
(PUSH NEN-LIST (CAHPHONEME-LIST)))))

(POP PHONENE -LIST)
(POP B00LE AN-LIST)
(G0 NEXT-PHONEME)))

CDE GET-PREFIX-STEM-SU FFIX (GIVEN-LIST)
(PROG (PREFIX STEM SUFFIX ENVIRONMENT)
NEXT-LIST

(CUND [(NU LL GIVEN-LIST)
(RE TURN (LIST (REVERSE PREFIX) (REVERSE STEM) (REVERSE SJ FFIX))) ])

(SETQ ENVIRONMENT (STEM-ENV IRONMENT (CAR GIVEN-LIST) ))
(A PUSH PREFIX (REVERSE (CARENVIRONMENT)))
(PUSH STEM ( CADR ENV I RONMENT) )
(APUSH SUFFIX (REVERSE (CADDR ENVI RONMENT) ))
(POP GIVEN-L IST)
(G0 NEXT-LIST)))

GET-B 00LEAN (PHONEME FEATURE)(DE
(PROG (FEATURE -LIST BOOLEAN BOOLEAN-LIST)

(SETO FEATURE-LIST (LIST-FEATURES))
(SETQ BOOLEA N-LIST (PHONEME-MA TRIX PHONEME ) )

NE XT-FEA TU RE
(SETQ BOOLEAN (CAR B00LEAN-LIST))
(COND [(EQUAL FEATURE (CAR FEATU RE-LIST) ) (RETURN BOOLEAN) ) )
(POP B00 LEAN-LIST)
(POP FEATU RE-LIST)
(G0 NEXT-FEA TJRE ) ))

(DE GRO UP-REGULAR-S TEMS (GIVEN-LI ST)
(HITH (EXCEPTI ON-LIST PREFIXES STEMS SUFFI XES)

(SETQ EXCEPT ION-LIST (SEPARATE-STEM-EXCEPTIONS GIVN-LIST))
(SETQ PREFIXES (CDAR EXCEPTION-LIST))
(SETQ SIEMS (CDADR EXCEPTION-LIST))
(SETQ SU FFIXES (CAADDR EXCEPTION-LIST) )
(LIST (GROUP-STEMS-BY-SEGMENTSSTEMSPREFIXES GI VEN-LIST 1.)

(GROUP=STEMS-BY-SEGMENTSSTEMSSUFFIXES GIVEN-LIST -1.))))

i(DE GROUP-STEMS-BY-SEGKENTS (STE4-L1ST SEGMENT-LIST GIVEN-LIST DIRECT ION)
(PROG (NEN-LIST SCAN-STEM-LIST HOLD-HORDS)

(SETO NO RD-L IST (STRIP-0NE-LEVEL GIVEN-LIST) )
NEXI-SUFFI X

(COND L(NULL SEGMENT-LIST) (RRETURN NEN-LI ST) ) )
(SETQ SCAN-S TE-LIST STEM-LIST)
(SETQ HOLD-NORDS NIL)

NEXT-STEM
(COND l(NU LL SCAN-SIEA-LIST)

(PUSH NEN-LIST
(LIST (CAR SEGMENT-LI ST)

(ENVIRONMENT-DIRECTIONHOLD-N0RDS DIRECTION )))

L(IN (S2UASH (CAR SCAN-STEM- LISI) (CAR SEGMENT -LIST)) NORD=LIST)

(POP SEGMENT-LIST)
(G) NEX T-SU FFIX) )



(PUSHHHoLD=NORDS (CAR SCAN-STEM-LIST)) 1)
(POP sCA N=STE-LIST)
(GO NEXT =S ia M) ) )

COE DF- IMPL IED-FEATURES (SIGN=AND-FEATURE)
(MOVE-I0-FRON
SIGN-AND- HEATURE
(FEATURES (OONERT-PAONEMES-TO-iATRIX

(FEATURE-IMPLIED-PHONEMES SIGN-AND-FEA TURE)) D))

OvLMPLIED-[ABLE( (+sy l -obs +voi ) (-syl -loja -str) (+cons -loja -str)
(-cons -obs+tcont -cor -lat -lab tvoi) (+obs-sy l tcons

-lab -loja) (-tn se ) (+cp -ob s -high -tnse -lat -lab
-loja) (-cp) ( +cor +cons -back -rnd -l ab -1oja -str)
(-cor) (+lat +cons -obs tcont -hign -tns e -cp -rnd -lab
-loja -nas -str) (-lat) (+rnd tback -cor -lat -l ab -loja )
(-rnd) (+lao tcons -high -back -tn se -cp -cor -1at -rnd
-loja -str) (-lab) (+loja +syl -cons -obs +cont -high
-back-tnse -cp -cor -lat -rnd-lab +voi) (-loja)
(*nas -obs -lat +voi)(-nas) (+voi) (-voi -syl tcons

-Cp -lat -lo ja -nas -str) (-obs) (+Cont) (-cont +cons
-lat -lo ja -str) (+high -cp -lat -lab -loja) (-high)
(tback -cor -lab -loja) (-back -rnd) (+tnse -co -lat

-loja -nas -str) (+str tsyl -cons -obs +cont -cor -lat
-lab +voi) (-s tr )))

(DE IN (ITEM ITEM-L IST)
(CONDL(NULL (MEMBER ITEM 1TEA-LIST)) NIL) CT T))

i(DE LIST-FEATURES NIL (CDAR DFMATRIX))

(DE LIST-PHONEMES NIL (CDAR DFTMATRIX))

(DE MATRIX-CUMPARE (MATRIXI MATRIX2)
(PROG (NEN-MATRIX BO0LEAN)
NEXT-ELEMENT

(COND ((NU LL MATRIX1 ) (RRETURN NEW-MATRIX) )
[(EQUAL (CAR MA IRIX1 ) (CAR MATRIX2 )) (SETO BO0LEAN (CAR MATRIXI))1
LT (SETQ BOOLEAN 0) 1)

(PUSH NE H-MA TRIX BO0LEAN )
(POP MATRIX1)
(POP MATRI X2 )
(GONEXT-ELEMENT) ))

MAX IMUM-CHARACTER-LENGTH (GIVEN-LIST)
(MAXLIST (MAPCAR FLATSIZE GIVEN-LIST)))

(DE

(DEMAXKIMUM-SPECIAL-N0RD-LENG IH (NORD-1. ISI)
(AXLIST (HAPCAR (LAMBDA (HORD) (LENGTH (SPECIAL-EXPLODE NORD))) NORD-LIST) ))

(DE MAXLIST (NU MBER-LIST)
(PROG (MAX LAUM)

(SETQ MAXIMUM (CAR NUMBER-LIST))
NEX[-NUM BER

(COND L(NULL NUMBER-L1ST) (RETURN MAXIMUM) 1
L(GREA TERP (CAR NUMBER-LIST) MAXIMUM)
(SE T4 AAXIMUM (CAR NUMBER-LIST))1)

(POP NUMBE R-LIST)
(G0 NEXT-NUA BER)))



(DEMEMBERS(ITEM-L IST GIVEN=LIS)
(PROG NIL

DND LCNL. IIEN-LIST) (RETURNNiL) 1)
NEXT=I TEM

(CONDL(NULL ITit-LIST) (RETURN D)
((NOT (IN (CAR IIEM-LISI) GIVEN-LISI )) (HETURN vIL) J)

(POP I IEM-LI SI)
(GO NEXT-I TEM) ))

(DE MINIMIZE-FE ATURES (GIVEN-LIST)
(PROG (HEA TURE-L. IST REMO VE-LIST)

(SETQ FEATURE-LIST GIVEN-L.I ST )
NEXT-EA LURE

(COND L(NULL FEATURE-LIST) (RETURN(REMOVESREMOVE-L ISI GIVEN-LIST ))I)

(POP FEA TU RE-LIST)
(APUSH REMOVE-LIST (CDR (ASS0C (CAR FEATURE-LIST) IMPLIED-TABLE)))

(GO NEXT-FEATU RE)))

(DE MINLI ST (NJMBER-LIST)
(PROG (MIN IMU4)

(SETQ MINIMUM (CAR NUHBE R-LIST))
NEXT-NUM BE R

(COND [(NU LL NUMBER-LIST) (RETURN MINIMUM) J
((LE SSP (CARNUMBER-LIST) MINIMUM)
(SE TO MINIMUNM (CAR NUMBER-LIST)) ) )

(POP NUMBER-LIST)
(G0 NEXT-NJMBER) ))

(DE MOVE-NTH-T0 -FRONT (GIVEN-LIST NUMBER)
(MOVE-T0-FRONT (NTH-ELEMENT GIVEN-LIST NUMBER) GIVEN-LIST) )

(DE MOVE-TO-FRONT (ELEMENT GIVEN-LIST)
(CONS ELEMENT (REMOVE-FIRST-0CCURENCEELEMENT GIVEN-LIST )))

(DE NTH-ELEMENT (GI VEN-LIST NUMBER)
(PROG (COUNT)

(COND L(LE SSP (LENGTH GIVEN-LIST) (ABS NUMBE R)) (RETURN NIL) J
[(LE SSPNUMBER0.)
(SETQ NUMBER (ADDI (PLUS NUMBER (LENGTH GIV EN-L IST) )))))

(SETQ COUNT 1.)
NEXI-ELE MENT

(COND ((EQUAL COUNT NUMBER) (RETURN (CAR GIVEN-LIST) )1 )
(INCR COUNT)
(POP GIVEN-L IST)
(GO NEXT -ELEMENT ) ))

(DE NEH-ENV IRONMENT (HO RPH-LIST NUMBER)
(PHONEE-IMPLIED-FEATURES (SPECIAL-N THCHAR-LIST MORPH-LIST NUMBER) ))

(DE NIHCHAR-LIST (GIVEN-LIST NUMBER)
(AAPCAK LAMBDA (HORD) (NTHCHAR NORD NUMBER) ) GIVEN-LIS) )

(DE NUMBER-OF-00UURRENCES (ITEM GIVEN-LIST)
(PH0G (COUNT )

(SETO COUNT 0.)
NEXT-I TEK

(COND [(NO LL GIVEN-LISI) (RETURN COUNT) )

(POP GIVEN-L IST)
L(EQUA L ITEM (CAR GIVEN-LIST )) (INCR COUNT) 1 )

(G0 NEXI -I TEM) ))



(0 PAIR=PO ssIBLE-REGULAR-AS-RULES (GIVEN-LIST)
(iTH (KeGULAK-LIST PREFLXPR FLX-ULES SUFFIXSUFFLX-RULES)

(SETQ REGULA R-LIST (GROUP=REGULAR-STEMS GI VEN-LIST ))
(SETQ PREFIX (CAR REGULAR=LIST))
(SETO SUFPLX (CADR REGULAR-LIST))
(SETQ PREFIX -RULES

(UNIQUE-ELEMENTS
(OMPARE-LIST-0F-SLOTS
(STAR-COMBINATIONS (COMBINATION-PA I8 PREFIX))) ))

(SETQ SU FFIX -RULES
(UNIJUE-ELEMENTS
( COMP ARE-LISI-0F- SLOTS
(STAR-COMB INATIONS (COMBINAT ION-PA IR SU FFI X) ) ) ))

(COND t(AND LNULL PREFIX] LNULLSU FFIX] ) (LIST NIL NIL)J
((NU LL PREFIX) (LIST NIL SUFFIX-RULES) )
t(NU LL SUFFIX) (LIST PREFIX-RULES NIL) 1)))

PHONEME-CHA NGE (PHONE ME-) PHONEME-2)
(hAPCAR CLAMBDA (FEATURE) (SAUASH (GE T- B00LEAN PHONEME-2 FEATURE) FEATURE))
(DE

(PHONEME-DIFFERENCE PHONEM-1 PHONEME-2) ))

(DE PHONE ME-DIFRERENCE (PHONEME -1 PHONEME-2)
(FEATU RE-DI FFERENCE (CONVERT-PHONEMES-TO-MATRIX (LISTPHONEME- PHONEME-2) )))

(DE PHONEME -FEA TURE -INTERSECTION (PHONEME FEATURE-LIST)
(COMMON-ELEMENT (PHONEME-I MPLIED- FEATURES (LIST PHONEME)) FEATURE-LI ST))

(DE PHiONEME-FEATURE-INTERSECTIONS (PHONEME LIST-O F-FEATURE-LI STS)
(PROG (NEN-LIST INTERSECIION)
NEXT-FEA TU RE-L IST

(SETQ INTE RSECT ION
(PHONEME-FEA TURE-INTERSECT IONPHONEME (CAR

(COND [(NULL. INTERSECTION) (RRETURN NEN-LI ST) J)
(PUSH NE N-LIST INTERSECT ION)
(POP LIST-0F-FEA TURE-LISTS)
(GO NEXT-FEA TURE-LIST) ))

(DE PHONEME-IMPLI ED-FEATURES (PHONEME-LIST)
(MINIMIZE- FEATURES (FEATURES(CONVERT-PHONEMES=TQ-MATRIXPHO NEME-LIST))))

(DE PHoNEME-MATRIX (PHONEME) (CDR (ASSOC PHONEME DFMATRIX )))

(DE PHoNEME-ORDER (PHONEME-LIST)
(PROG (NEN-MATRIX)

(SETQNE -MA TRIX (LIST (CAR DEMATRIX )))
NEXT-PHO NEME

(COND L(NU LL PHONE ME-LIST)
(RENR ITE-DF (REVERSENEN-MATRIX ))
(RE TURN OK) J
L IN (CAR PHONEME-LIST) (LIST-PHONEMES))
(PU SH NEN-MATRIX (ASSOC (CAR PHONEME-LIST) DFMATRIX ))
(PJP PHONEME-LIST)
(G) NEXT-PHONEME) 1

[T (RETURN ==N0-MATCH== ) 1 )))

(ov PLURALS(Caks akse^n) (be boz) (bUS buse^z) (bUk buks) (bv^g bv^gz)
(bv^s by^se^z) (flfØ fli0s ) (kot kats) (kaz kaze ^z)
(1 Id 1 ldz) (1 Iy 1ivz) (10w l0wz) (1i4 liz) (pol polz)
(py^f pv^f s) (ru3 ru3e ^z) (sr^ sr^z) (sv^m sv^mz ) (SWIN>g

LIST-0F-FEA TURE-LISTS)))



SwIN>gz) (tob cabz) (tIp tips) (uz uZe^z)))
IDE POSSI3LE-REGULAR=AS-RULES (GIVEN=LIST)

(ITH (POSSIBLE-LI SI PREFIX PREFIX-RULES SUFFIX SU FFIX-RULES)
(SETQ POSS LBLE-LIST (PAIR-POS3IBLE-REGULAR-AS=RULES GIVEN-LIST ))
(SETQ PREF IX (CAR PO SSIBLE-LIST) )
(SETO SUFFIX (CADR P0 SSI BLE-LIST ))
(SETQ PREFIX-RULES (POSS IBLE-RULES PREFIX))
(SETO SUFFIX-RULES (POSSIBLE-RULES SUFFIX))
(COND (AND CNULLPREFLX) CNULLSUFFIXJ) (LIST NIL NIL ) I

t(NU LL PREFIX) (LIST NIL SUFFIX-RULES) )
C(NULL SUFFIX) (LIST PREFIX-RULES NIL) J)))

COE POSSIBLE-RULES (RULE-LIS)
(PROG (NEN-LIST RULE SAVE-RULE-LIST)

(SETQ SA VE-KULE-LIST RULE-LI ST)
NEXT-RULE

(SETO RULE (CAR RULE-LIST) )
(COND [ (NULL RULE-LIST) (RRETURN (SH0RTEST-RULE-AC TiON NEN-LISI)) I)
(APUSi NEN-LIST

(STRIP-ONE-LEVEL
(CDR (FIND-NEXT-RULE

(FIRST-N-ELEMENTS (CAR RULE) 2.)
RULE
SAVE-RULE-LIST))D)

(POP RULE-LI ST )
(G0 NEXT-RULE) ))

(DV PRETERATES ((be bgd) (bv^z bv^zd) (c0 c0d) (d Ig dIgz) (fil fild). (fli fl id) (flow flowd) (ga>lf ga>lít) (alu glud)
(pak pakt) (p@s p@st) (pIØ pI%t) (pIn pind) (pUS pUSt)
(pat pa te ^d) (pr^ pr^d) (rU3 rU3d) (sIv sİvd) ( s0d s0de ^d)
(sid side^d)(sl@m slend) (steb stebd) (t Ip t Ipt)(w)kw0ks)))

(DE KEAOVE-CHARACTER (CHARACTER NORD-LIST)
(REMOVE NIL

(MAPCAR (LAMBDA (HORD)
(SQUASH-LIST (REMOVECHAKACTER (EXPLODE HO RD))))

NO RD-LISI)))

(DE REMOV E-CHARAC TE RS (CHARACTERS WORD-LI ST)
(REMOVE NIL

(MAPCAR LAMBDA (WORD)
(SQUASH-LIST (REMOVESCHARACTERS (EXPLODE NORD)) ))

NORD-LIST) ))

(DE REMOVE-FIRST-0CCURENCE (ITEM GIVEN-LI ST)
(PHOG (LEFT)
WEXT-ELEMENE

(COND [ (EQUAL ITEM (CAR GIVEN-LI ST ))
(RE TURN (APPEND (REVERSE LEFT) (CDR GIVEN-LIST) )) ))

(PUSH LEFT (CAR GIVEN-LISI))
(POP GIVEN-L IST)
(G0 NEXI-ELEMENI )))

i(DE REMOVES(ITEN-L IST GIVEN-LISI)
(PROG NIL
NEXT-I IEM

(COND L(8ULL IIEM-LIST) (RETURN GIVEN-LIST)))



(SETQ GI VEN-LISI (RENOVE(CAR ITEM-LIST) GIVEN=LISI)
(POP ITE -LI ST)
(G0 NEXT-I EM) ))

(DEREPLACE (OL-ITE NEN-LTEN GIVEN-LISI)
(PROG (NEN-LIST)
NEXT-ITEM

(COND ((NULL GIVEN-LIST) (RRETURNNEN-LIST) )
((E2UAL (CAR GIVEN-LIST) oLD-ITEM) (PUSH NEN-LIST NEW-ITEM) I
T (PUSHNEN-LIST (CAR GIVEN-LIST)) 1)

(POP GIVEN-L IST)
(G0 NEXT-I TEM)))

C E REPLACE-FEATURE-MA TRIX (FEATURE FEATURE-MATRIX)
(PROG (NEW=IMATRIX OLD-MA TRIX)

(SETQNE -MATRIX (LIST (CARDFTHATRIX)))
(SETG 0LD-MA TR IX (CDR DFTMATRIX) )

NEXT-FEA TU RE
(COND [(NULL. OLD-MATRIX)

(COND ((NULL NEN-MATRIX) (RETURN ==N0-MAT CH ==) ]
(T (REWRITE-DFT(REVERSENEW-MATRIX)) (RETURN OK)] )]

[(EQUALFEATURE (CAAROLD-MATRIX ))
(PU SH NEN=MATRIX FEATURE-MA TRIX) )
(T (PUSH NEN-MATRIX (CAR OLD-MATRIX)) 1)

(POP OLD -MATRIX)
(G0 NEXT-FEATURE )))

(DE REPLA CE-PHONE ME-MATRIX (PHONEME PHONEME-MATRIX)
(PROG (NEN-MATRIX OLD-MA TRIX)

(SETQ NE N-MA THIX (LIST (CAR DEMA TRIX)))
(SETQ OLD-MA TRIX (CDR DFMA TRIX))

NEXT-PHONE ME
(COND LCNULL OLD=MATRIX)

(COND l(NULL NER-MA TRIX) (RETURN
(RE WR ITE-DF (REVE RSE NEN-MA TRIX ) )

==N0-MATCH==) ])
( RE TU RN OK) ]
((EQUAL PHONEME (CAAR OLD-MA TRIX))
(PU SH NEN-MATRIX PHONEME-MA TRI X) )
(T (PUSH NEN-ATRIX (CAR OLD-MATRI X)) ))

(POP oLD-MAT RIX)
(GO NEXT-PHONEME )))

(DE REPLACES (o LD-I TEM NEN-ITEM LIST-0 F-LISTS)
(MAPCAR (LAMBDA (A-LIST) (REPLACE OLD-I TEM NEN-ITEM A-LIST))

LIST-O -LISIS))
I(DE REPLICATE (ITEM NUABER)
(PROG (NEA-LIT CUUNT)

(SETO COUNT D.)
NEXT-I TEA

(COND ((EOUAL COUNT NUMBER) (RETURN NEW-LIST) 1)
(INCR COUNT)
(PUSH NE V-LIST ITEA)
(G0 NEXT-I TEM) ))

A DEBEVERSES (LISI-OF-LISTS) MAPCARREVERSELIST-OF-LISTS ))

(
(DE REiRI fE-DF (GIVEN-MATRIX)
(SETO DFAA TRIX GIVEN-4ATRIX)
(SETJ DFIMATRIX (TRANSPOSE DFMAT&IX) ))



(DERENRITE-DFI (GI VEN-ATRIX)
(SETQ DETMATRIX GIVEN-MAIRIX)
(SETO DFA TRIX (TRANSPOSE DETMAfkIX)))

lDE RENRI IE-IMPLIED-TABLE NIL
(PROG (FEA TU RE-LIST NEN- TABLE)

(SETQ FE ATURE-LIST (LIST=FEATURES))
NE XT-FEA TU RE

(COND ((NULL FEATU RE-LIST)
(SETJ IMPLIED-TABLE
(RETURN OK) J)

(REVERSE NEN-TABLE))

(A PUSH NEN-TABLE
(LIST (DE-IMPLIED-FEATURES(SQUASH - (CAR FEATURE-LIST)))

(DF-IMPLIED-FEATURES(SQUASH + (CAR PEATURE-LÍST ))) ))
(POP FEATURE -LIST)
(GO NEXT-FEA TURE)))

(DE ROTATE- LEFT (GIVEN-LIST)
(APPEND(CDRGIVEN-LIST) (LIST (CARGIVEN-LIST )) ))
(DE ROTATE-LIST (GIVEN-LIST)
(PROG (NEN -LIST)

(PUSHNEN-LI ST GIVEN-LIST)
NEXT=ROTATE

(PUSH NEW-LI ST (ROTA TE-LEFT (CAR NEN-LIST) ))
(CONDL(EQUAL (CAR NEW-LIST) GIVEN-LIST) (RRETURN (CDR NEW-LIST)) ]))
(G0 NEXT-ROTATE) )))

COE ROTATE- RIGHT (GIVEN-LIST)
(MOVE-To-FkoNT (CAR (LAST GI VEN-LIST) ) GIVEN-LIST) )

(DM RRE MO VE ( BO DY )
(LIST SETQ (CADDR BODY) (LIST REMOVE (CADR BODY) (CADDR B)DY )) ))

(DM RRETURN ( BODY ) (LIST RETURN (LIST REVERSE (CADR BODY) )))

(DE BRE AK-INIO- SEGMENTS (SEGMENT)
(PROG (SEGMENT -LENGTH COUNT EXPLODED-SEGMENT COUNT CURRE NT-LENGTH

CU RRENT-SEGMENT COMBI NATION-LIST )
(SETO EXPLODED-SEGMENT (SPEC IAL-EXPLO DE SEGMENT))
(SETQ SE GMENT-LENGTH (LENGTH EXPLO DED- SEGAENT))
(SETO COUNT D.)

NE XT=LENGTH
(COND ((EQUAL COUNT SEGMENT-LENGTH) (RRETURN COMBINATI ON-LIS) 1)
(SETO CU RRENT-LE NGTH (ADD1 COUNT))
(SETQ CU RRENT-SEGMENT EXPLO DED-SEGMENT)

NEXT-SEGMENT
(COND [(ZE ROP CU RRENT-LENGTH) (SET COUNT (ADDI cO UNT) ) (GO NEXT-LENGTH) 1
)
(PUSH COAB IN AT ION-LIST

(SQU ASH-LI ST

(DIFFERENCE SEGMENT-LENGTH COUNT )) ))

(FIRST-N-ELEMENTS
CU RRENI-SEGMENT

(POP CURRENI -EG MENT)
(SETO CURREN T-LENG TH (SUBI
(G0 NEXT-SEGMENT )))

CURRENT-LENGTH))

(OE SEPABATE-EXCEPTIONS (GIVEN-LIST LIMIT)
(PROG (TALLY-L IST EXCEPTION-LISTREGULAR-LISI)



(CUND (CNULL GIVEN=LISI) CRETURN NILD 3)
(SETO IALLY-LIST (TALLY-ELLEMENTS GIVEN-LIST))

NEXT-TALLY
(CONDt(NUL. TALLY-LIST)

(RETURN(CONS (ReVERSEREGULAR-LI S) (REVEKS# EXCEPTION-LIST))D)
L(GREATiRP (CADAR TALLY-L IST) LIMIT)
(PU SH REGULAR-LIST (CAAR TA LLY-LIST)) ]
T (PUSH EXCEPTION-LIST (CAAR TALLY-LIST) ) 1)

(POP TALLY-. IST)
(GONEXT-TALLY)))

SHoRTEST-cD R-LI STs
(PROG (NEN-LIST SMALLEST-LENGTH)
(OE (LIST-0F-LISTS)

(SETQ SMALLE SI-LENGTH
(SHORTEST-LIS[-LENGIH(MAPCARCADR LIST-0 F-LI SIS) ))

NEXI-LIST
[CNULL LIST-OF-LISTS) (RRETURN NEN-LIST) ](COND
LCEQUAL (LENGTH (CADAR LIST-OF-LISTS )) SMALLEST-LENGTH)
(PUSH NEN-LISI (CAR LIST-OF-LISTS )) 3)

(POP LIST-OF-LISTS)
(G0 NEXT-LIST) ))

(DE SHORTEST- LIST-LENGTH (LIST-0F-LISIS)
CMINLIST (MAPCAR LENGTH LIST-OF-LISTS)))

CDE SHoRTEST-RU LE-ACT IoN-LENGTH (GIVEN-LIST)
CMINLI ST (APCAR (LAMBDA (RULE-LIST)

(MA X (LENGIH (CADAR RULE-LIST )) (LENGTH (CADADR RULE-LIST )))

GIVEN-LIST) ))
(DE SHo RTEST-RU LE-ACTION (RULE-LIST)
(PROG (SMA LLEST RULE NEN-LIST)

(SETO SHALLE ST (SHORTEST-RULE-ACTI ON-LENGTH RULE-L IST) )
NEXT-RULE-SE TI

(SETO RULE (CAR RULE-LIST) )
(COND L (NU LL RU LE-LIST) (RRETURN NEN-LIST) ]

[CAND (EQUAL (LENGTH (CADAR RULE)) SMA LLEST)
(EQUAL (LENGTH (CADADR RULE)) SMALLEST ) )

(PU SH NEN-LIST RULEDJ)
(POP RULE-LI SI)
(GO NEXT-RULE-SET) ))

(DE SPECIAL-EXP LODE (NORD)
(PROG (NEN-LIST HOLD-LIST CURRENT NEXT EXPLODED-NORD)

(SETQ EXPLODELD-HORD (EXPLODE WORD))
NEXT-CHA RA CTER

(SETQ CU RRENT (CAR EXPLODED-WORD))
(SETQ NE XI (CADR EXPLO DED-NORD))
(PUSH HO LD-L IST CURRENT)
(COND L( IN CURRENT SPECI AL-SUB-CHARACTERS)

(Go POp-EXPLODED-NORD)
L(OR L IN NEXT SPECIAL-SU B-CHARA CTERSI

LNOT ( IN NEXT SPECIAL-SUPER-CHARACTERS) J
LNU LL NEXTJ )

(PUSH EW-LIST (SQUASH-LIST (REVERSE HOLD-LIST) ))
(COND LCNULL NEXT) (RRETURN NEN-LIST) 1 )
(SE TU HOLD=LIST NIL) 1)

POP-EXPLODED-iORD
(POP EXPLODED-NORD)



(G0 NEXT=CHARACTER))D

(DE SPECIAL-NTHGHAR (iNORD NUMBER)
(NT-E LE MENT ( SPBC IAL-EXPLO DE WORD) NUMBER ) )

(DE SPECI AL-N THQIAR-LIST (NORD-LIST NUMBER)
(PROG (NEN-LIST)
NEXT-NORD

(COND L(NULL NORD-LISI) (RRETURN NEN-LIST) 1)
(PUSH NE W-LI ST (SPECIAL-NTHCHA R (CAR WORD- LIST) NUMBER))
(POP N0RD- LI ST)
(G0 NEXT-NORD) ) )

|(DVSPECLAL-SUB-CHARACTERS (!* //))
(DVSPECIAL-SUPER-CHARACTERS(<>^ /'))

OcDE SPLICE (oLD-ITEMNEH-ITEMGIVEN-LIST)
(PROG (NEN-LIST)
NE XT- I TEM

(COND L(NU LL GIVEN-LIST) (RRETURN NEW-LIST) J
t(EQUAL (CAR GIVEN-LIST) 0LD-I TEM)
(AP JSH NEN-LIST (REVERSE NE-ITEM )) 3
[T (PU SH NEN-LIST (CAR GIVEN-LIST)) 1 )

(POP GIVEN=L IST)
(G0 NEXT-I TEM) ))

(DE SPLICES (OLD-ITEM NEN-I TEM LIST=0 F-LISTS)
CMAPCAR (LA MBDA (A-LIST) (SPLI CE OLD-ITEM NEN-I TEM A-LIST ))

LIST-0FLISIS))
(DE SPLIT-L IST (GIV EN-LIST CUTT ING-POINT)
(PROG (FIRST-HALF COUNT)

(SETQ COUNT 0.)
NEXT-ELEMENT

(COND [(OR LNULL GIVEN-LISTJ (EQUAL CUTTING-PO INT COUNTJ)
(RE TURN (LIST (REVERSE FIRST-HA LF) GIVEN-LIST )) 1 )

(INCR COUNT)
(PUSH FI RS[-HA LF (CAR GIVEN-LIST) )
(POP GIVEN-L IST)
(GO NEXT-ELEMENT )))

(DE SPLIT-MATRIX (GIVEN=MATRIX LIMIT)
(PROG (FIRST-HALF SECOND-HALF SPLIT-B00LEAN)

(SETQ SPLI [-BO0LEAN (SPLI[-LIST (CARGIVEN-MATRIX) LIMIT))
(COND LCNULL (CADR SPLIT-B 00LEAN )) (RETURN (LIST GIVEN-MATRIX NIL)) ]))
(SETQ FIRST-HALF (LIST (CAR SPLIT-B00LEAN) ))
(SETO SECOND-HALF (CDR SPLIT-BO0LEAN))
(POP GIVEN-MALRIX)

NEXT-B O00LEAN
(COND L(NULL GIVEN-MATRIX)

(RETURN (LIST (REVERSE FLRST-HALF) (REVERSE SECOND=HA LF))) )
(SETO SPLIT-BOOLEAN (SPLIT-LIST (CAR GIVEN-MATRIX) (ADDI LIMIT)))
(PUSH FIRST-HALF (CAR SPLI T-BO0LEAN))
(PUSH SECOND-HALF (CONS (CAAR SPLIT-B00LEAN) (CADR SPLIT-BO0LEAN )))
(POP GIVEN-MATRIX)
(G0 NEXT-B00LEAN )))

(DE SOUASH (A TOMI A TOM2)
(COND LCNU LL A TO41 ) ATOM2)



tCNULLA TOM2) ATOML J
(T CREADLISTCAPPEND(EXPLODE AIOMI) (EXPLODEAIOM2) )) )))

(OE SQUASH-LI ST (GI VEN-LIST)
(PROG (NEN-LISD
NEXT-AIOM

(COND (CNULL GIVEN-L1ST) (RETURN NEW-LIST) J)
(SETO NE IN-LI ST (SQUASH NEN=LIST (CAR GIVEN-LIST) ))
(POP GIVEN=L IST)
(G0 NEXT-A TOM))

(DE STAR-COMBINATLON (GIVEN-LIST-1 GIVEN-LIST-2)
(AITH (LENGTH-1 LENGTH-2 MORPH-1 MORPH-2 ENVIRONMENT-1 ENV IRONMET-2)

(SETQ MORPH- 1 (SPECIAL-E XPLODE (CAR GIVEN-LIST-1 )))
(SETQ MORPH-2 (SPECIAL-E XPLODE (CAR GIVEN-LIST-2 )))
(SETQ ENVI RO NAENT-1

(LIST (CAR GIVEN-LIST-1) (CAR GIVEN-LIST-2) (CADR GIVEN-LIST-2)))
(SETO ENVIRONAENT-2

(SETQ
(LIST (CAR GIVEN-LIST-2) (CAR GIVEN-LI ST-1) (CADR GIVEN-LIST-1 )))
LENGTH-1 (LENGTH MORPH-1))

(SETQ LENGTH-2 (LENGIH MORPH-2 ))
(COND LCEQJAL LENGTH-1 LENGTH-2)

(LIST (LIST ENVIRONMENT-2MORPH-1MORPH-2)
(LISI ENVIRONAENT-1 MORPH-2 MORPri-1)) ]

L(LE SSP LENGTH-1 LENGTH-2)
(STRIP-0NE-LEVEL
(MAPCAk CLAMBDA (STAR-LIST)

(LIST (LIST ENVIRONMENT-2 STAR-LIST MORPH-2)
(LIST ENVIRONMENT-I MORPH-2 STAR-LIST) ))

(FILL-STAR-SLOTS MORPH-1 LENGTH-2) )) ]
(I (STRIP-ONE-LEVEL

(APCAR (LAMBDA (STAR-LIST)
(LIST (LIST ENVIRONMENT-1MORPH-1 STAR-L1ST)

(LIST ENVIRONMENT-2 STAR-LIST MORPH-1 )))
(FILL-STA R-SLOTSMORPH-2LENGTH-1 ))) J)D)

(DE STAR-COMBINAT IONS (GIVEN-LIST)
CMAPCAR LAMBDA (A-LIST) (STAR-COMBINATION (CAR A-LIST) (CADR A-LIST)))

GI VEN-LIST ))

(DE STEM-ENVIRONMENT (HORD-LIST)
(PROG (PREFI X STEM SUFFIX SPLIT-NORD)

(SETO STEM (CAR (COMMON-SEGMENTSWORD-LIST )))
NE XT-NORD

(COND L(NU LL WORD-LIST)
(RE TURN (LIST (REVERSE (REMOVE NIL (UNIQUE-ELEMENTS PREFIX)))

STEM
(REVERSE(REMOVE NIL (UNIQUE-ELEMENTS SUFFIX))))) ))

(SETO SPLI T-X)RD (STK ING-SUB SET STEM (CAR WO RD-LIST) ))
(PUSH PREFIX (CARSPLIT-NORD))
(PUSH SU FF IX (CA DDR SPLI T-NORD ))
(POP n0RD- LI ST)
(G0 NEXT-OxD) ))

CDE SEP ARATE-STEA-E XCEPTIONS (GIVEN-LIST)
(PROG (PREFI X-SIEM-SUFFIX NEN-LIST)

(SETO PREFIX-STEM-SU FFIX (GET-PREFIX-STEM-SU FFIX GIVEN-LIST) )
NEXT-G ROUP

(COND LCNU LL PREFIX-STEM-SU FFIX) (RRETURN NEN-LIST)1 )
(PUSH NER-LIS (SEPARATE-EXCEPFIONS (CAR PREFIX-STEM-SU FFIX) 2.))



(POP PRE FIX-STEM-SU FFIX)
(G0 NEXT-GROUP)))

(DE STRING- SJBSET (ITEM STRING)
(PaoG (ITEN-LIST STRING-LIST LEFT MATCH-STRING)

(SETQ ITEM-L IST (SPECIAL-EXPLODE I TEM))
(SETQ STRI NG=LIST (SPECI AL-EXPLODE STRING))

NE XT-STR ING-LE TTER
(COND t(NU LL STRING=LIST) (RETURN NIL) )

((NOT (EQJAL (CAR ITEM-LIST) (CAR STRING-LISI) )) (GO PUSii-POP) )
(SETQ MA TCH-STRING STRING-LIST)

NE XT-I IEM-LE TTER
(POP I TEM-LI SI)
(POP MATCH-STR ING)
(COND CNULL ITEM-LIST)

(RETURN (LIST (SQUASH-LIST (REVERSE LEFT))
ITEM
(SQUASH-LIST MATCH-STRING)))!

LCNOT (EQUAL (CAR ITEM-LIST) (CAR MATCH- STRI NG )) )
( SE TQ ITEM-LIST (SPECIAL-EXPLODE ITEM))
(GU PUSH-POP) 1)

(GO NE X[-I TE M-LETTER)
PU SH-POP

(PUSH LE FT ( CAR STRING-LIST ))
(POP STR ING- LIST)
(GO NEXT-S TR ING-LETIER)))

(DE STRIP=ONE-LEVEL (GIVEN-LISI)
(PROG (NEN-LIST)
NEXT=ELEMENT

(COND L(NU LL GIVEN-LIST) (RRETURN NEW-LIST) J )
(APU SH NEN-LIST (REVERSE ( CAR GIVEN-LIST)))
(POP GIV EN-L IST)
(GO NEXT-ELEMENT )))

TALLY-ELEMENTS (GIVEN-LISI)(DE
(UNI QUE-LI ST TA LLY-LIST)
(SETQ UNIQ UE-LIST (UNIQUE-ELEMENTS GIVEN-LIST ))

(PROG

NE XI-UNIQU E-ELEMENT
(COND L (NU LL UNIQUE-LIST) (RRETU RN TA LLY-L IST) 1 )
(PUSH TA LLY-LIST

(LIST (CAR UNIQUE-LI ST)
(NUMBER-0F-0 CCURRENCES (CAR UNIOUE-LIST) GIVEN-LIST) ))

(POP UNI QUE- LIST)
(GO NEXT-UNI QUE-ELEMENT) ))

I(DE TRANSPOSE ( LIST )F-LISIS)
(PROG (NEN-LIST)
NEXT-ELEMENT

(COND [(NULL LIST-OF-LISTS ) (RRETURNNEW-LIST) 1)
(PUSH NEW-LIST (REMOVE NIL (MAPCAR CAR LIST-0F-LI STS) ))
(SETO LI SI-O F-LISTS (REMOVE NIL (MAPCAR CDR LIST-0F-LISTS)) )
(G0 NEXT-ELEMENT)))

(De UNIQUE-ELEAENTS (GIVEN-LIS)
(PROG (NEW-LIST ELEMENT-LIST)
NEXT-RORD

(COND [CNULL (CAR GIVEN-LIST)) (RETURN (REVERSE NE I-LIST)) ))
(SETO ELEMENT-LIST GIVEN-LIST)
(POP GIVEN-L IST)



NEX[-ELE MENI
(COND ((NU LL ELEMENT-LIST) (GO NEX[-NORD) 1

((NULL (MEMBER (CAR ELEMENT=LIST) NEi-LIST))
( PUSH NE-LIST (CAR ELE MENT-LIST))J)

(POP ELENE NT-LIST)
(GO NEXT-ELEMENT ) ))

(NOCOMPILE (DEFV INDEPI (ADD-FEATURE-BEFO RE ADD=PHONEME-BEFORE ANY-IN APUSH BOUNY
DRIES CHANGE-BOOLEAN CHANGE-FEATJRE-NAME CHANGE-PHONEME-NAME COMBINA TION-CDR COMY
8INAT ION-0RDE R aUMB INATION-PA IH COMBINE COMBINE-APPEND CO MMO-ELEAENT COMUON-ELEY
MENTSCOMMON-SEGVENTS COMPARE-LIS[-0F-SL0 TSCONVERT-PHONEMES- TO-(A TRIX COKPARE-5^Y
LOT COMPA RE-SLo TS DELETE-FEATURE DELETE-PHONEME DFAATRIX DFTMATRIX DISPLAY-DFMAT^Y

-SEGMENTS D-IMPL IED-FEATURES IMPLIED-TABLE IN LIST-FEA TURES LIST-PHONEMES MATRIX-C0
APARE MAXIMUM=CHARA CTER-LENGTH MAXIMU-SP ECIAL-NORD-LENGTH MA XLIST MEMBERS MINIMOY

PHONE NE-IMP LIED-FEA TURES PHONEME-MATRIX PHONEME-0 RDER PLURALS POSSI BLE-REGULA R-A^Y
S-RULES POSSI BLE-RU LES PRETERATES REMOVE-CHARACTER REMOVE-CHA RACTERS REMOVE-FIRS^Y
T-00CURENCEREMOVESREPLACEREPLACE-FEATURE-MATRIXREPLACE-PHONEME-MATRIX REPLACY

SHORTEST-RULE-A
CIAL-EX PLODE SPEC IAL-NTHCHAR SPECIAL-NTHCHA R-LIST SPECIAL-SUB-CHARACTERS SPECIAL^Y
-SU PER-CHARACTE RS SPLICE SPLICES SPLIT-LI ST SPLIT-MATRIX SQUASH SQUASH-LIST STAR^Y
-COMBINAT ION SIAR-COMBINA TIONS STEM-ENVIRONMENT SEPARATE-STEM-EXCEPTIONS STRI NG-SUBSE
RIP-ONE-LEVEL TALLY-ELEMENTS TRANSPOSE UNIQUE-ELEMENTS)))

RIX DISPLAY-ATRIX ENVIRONMENT-DIRECTION FEATURE-DIFFERENCE FEA TU:E-KA TRIX FEATU^Y
RE-0RDER FEATURES FILL- STAR-SLOTS FIND-NEXT-RULE FIRST-N-ELEMENTS FEATU RE-IMPLIE^Y
D-PHONENES GET-PREFIX-STEM-SU FFIX GET-B00LEAN GROUP-REGULAR-STEMS GROUP-STEMS-BY^y

IZE-FEATU RES MINLIST MOVE-NIH-IO-FRONT MOVE-T0-FRONT NTH-ELEMENT NTH-ENV IRONMENTY
NTHCHA R-LIST NUMBER-O F-0 CURRENCES PAIR-PO SSIBLE-REGULAR-A S-RULES PHONEME-CHANGy
E PHONEME-DIFFE RENCE PHONEME-FEATURE- INTERSECTION PHONEME-FEA TU RE-INTERSECT IONS ^Y

ES REPL1CATE REVERSES RENRI TE-DF REWRITE-DFT RENRITE-IMPLIED- TABL.E ROTA TE-LEFT RY
OLA TE-LIST ROTA TE-RICHT RREMOVE RRETURN BREAK-INTU-SEGMENTS SEPARA TE-EXCEPTIONS^Y
SHORTEST-CDR-L IS IS SHORTEST-LIS[-LENGTH SHORTEST-RULE-ACTION=LENGTH



END* Job PHONEX keq #261 for CIS78804E.DEHILSTER Da te
0*23 Moni tor: ohio State Univer si ty IRCC/CISDEC-2060. k*E

*LPI SPLRUN Lo g*
15: 00:56 LPDAT LPTSPL versi on 134A(2652) -1

2-Jun-83 15:1

ohio State Un iversity IRCC/CIS DEC-?
15:00:56 LPDAT JobPHONEXsequence #1133 on Pr inter1 at 2- Jun-83 15:00:56

Starting File PS:<CIS78804E.DEHILSTER>PHONEX.MSS.99Ol5: 01 :02LPMSG
15:02:54 LPMSG Fin ished File PS:<CIS78804E.DEHILSTER>PHONEX.MSS.99
lb102:54 LPMSG Starting File PS:<CIS78804E.DEHILSTER>PHONFUN.MSS.98

O15:09:33 LPMSG
1ɔ: 09: 34 LPMSG
15:16:23 LPMSG

Finished File PS: <CIS78804E.DEHILSTER>PHONFUN.MSS. 98
Starting File PS:<CIS78804E .DEHILSTER> PHONTO0L,LSP. 1
Finished File PS: <CIS78834E.DEHILSTER>PHONTO0 L.LSP. 1

13:16:23 LPEND Summary:
15:16:23 LPEND
15:16:23 LPEND

46 Pages of 0utput
19 Disk Pages Read

17.434 Seconds CPU Time Used


