






Appendix A: IvanovalTerasaki Phonaesthemes 

Feature ID Pattern (1st & 3rd) Meaning Tokens Anomalous tokens 

MURKY mo + CV + mo + CV or mo murlciness 
+x 

mogo-mogo (mumble), mOTi-mori (eat heG 
moso-moso (mumble), have a thick wal 
mOQ-sari (sluggish), muscles) 
moya-moya (hazy,murky), 
moku-moku (send up great 
volumes of smoke) 

EXEN mu + CV + mu + cv or mu excessive energy, sup- muka-muka (retch, go muki-muki (thick mm 

STICKY 

NOSTRS 

+ x pression mad), muku-muku (grow
ing), muN-muN �(�s�~� 

sultry), mura-mura (irre
sistible temptation) 

ne + CV + ne + CV or ne + sticlciness, tenacity 
x 

no + CV + no + CV or no + 
x 

slow action, lack of stress, 
anxiety, or uneasiness 

neba-neba (sticky, greasy), 
nechi-nechi (sticky, persis
tent), neQ-tori (c1anliny, 
viscous) 

�n�o�b�i�~�n�o�b�i� (feel at ease, 
be relaxed/relieved), 
noko-noko (nonchalantly), 
noro-noro (drag oneself, 
walk slowiy) 

UNSTEAD yo + cv + yo + cv unsteady-unreliable yobo-yobo (feeble, shaky), 
yoro-yoro (unstable, 
weak), yochi-yochi (tod
dle), yota-yota (totter) 

FREE yu + CV + yu + CV or yu + free of pressure, relaxing yU-Qkuri (slowly, at one's 
x leisure), yu-rari (slowly), 

yusa-yusa (sway- to and 
fro), yuQ-tari (slow), yuu
yuu (chill / relaxed) 

Feature ID Pattern (vowel-mora) Meaning Tokens 

DEFIC c+asa+C+asa disappointing appear
ance due to some defi
ciency 

i 

basa-basa (crumbly, 
friable, disheveled), 
pasa-pasa (dry), kasa-kasa 
(dry, rough), wasa-wasa 
(nervous, restless) 

Anomylous tokens 



NOSPACE g/k + v + ti + g/k + v 

NOYIT c + obo + C + obo 

IDLE (c) + oro + (e) + oro 

BADSFT (c) + ujya + (e) + ujya 

SHAKING (e) + ura + (e) + ura 

RSTLSS (c) + yoro + (e) + yoro 

Feature ID Pattern (2nd & 4th) 

LIQSWAY ey + bu + ey + bu 

DISORD (e)Y + tya + (C)Y + tya 

lack of fluidity and space giti-giti (very tight), moti-meti mushy 
bati-bati (heavy, brittle), 
pati-pati (brittle), lalti-leaN 
(frozen hard, dried up 
completely), koti-koti 
(tense, stiff, frozen hard) 

lack of vitality and energy syobo-syobo (dispirited, tobo-tobo (trudge we~ 

slow action, idleness 

unpleasant softness 

shaking, swaying 

restless, unstable 

Meaning 

a great amollllt of liquid 
or flesh swaying 

despondent bleary-eyed) yobo-yobo (feeble, sh 
llllsteady) 

doro-doro (pulpy, mushy, 
thick) oro-oro (thrown 
off balance) goro-goro (lie 
about idly), boro-boro (in 
big drops; worn-out), 
horo-horo (in small4rops), 
para-para (in drops) 

gujya-gujya (slushy, 
sloppy), ujya-ujya (wrig
gle) 

kuta-kura (dizzy, reel- sura-sura smoothly, 
in& spinning), yura-yum out a hitch 
(quake, sway), mura-mura 
(llllsteady), gum-gum 
(toppling), bura-bura 
(swaying, hanging out) 

nyoro-nyoro (long and 
squirming), gyoro-gyoro 
(water dribbling) tyoro
tyoro (trickle, flicker), 
hyro-hyoro (totter, tod
dle, stagger), kyoro-kyoro 
(look around restlessly, 
nervously) 

Tokens 

debu-debu (fat and flabby), 
gabu-gabu (guzzle/chug, 
slosh), zabu-zabu (splash) 

Anomylous tokens 

disorder, disappointing itya.itya (behave flir,.. 
experience tatiously), bitya-bitya 

11 

(spurting, gotya-gotya 
(worthless speech), 
{gotya-gotya (messy, 
jumbled-up), kutya-kutya 
(crumpled) 



NOCONF CV + go + CV + go 

COWARD (C)V + ji + (C)v + ji 

IMPERT CV + ke + CV + ke 

BRISK (C)V + ki + (C)V + ki 

MEANDER (C)V + ne + (C) V + ne 

SFTUNR CV + nya + cv + nya 

PRESS CV + si + CV + si 

TIMID CV + so + CV + so 

lack of confidence 

cowardice, bewilder
ment, lack of enthusi
asm! initiative 

impertinent 

brisk, dynamic action· 

meandering, winding 

soft, unreliable, unstable 

pressure 

timid, retiring 

iii 

mago-mngo (at a loss, 
disorganized), mogo-mogo 
(mumble), sugo-sugo 
(disheartened, downcast) 

iji-iji (hesitantly, timidly), mnji-maji (to stare [to 
moji-moji (bashful, fidget), tently) 
taji-taji (quail) 

nuke-nuke (impudently, 
brazenly) zuke-zuke 
(bluntly, Without re-
serve), tuke-tuke (rudely) 

doki-doki ([heart] beat 
fast, throb), paki-paki 
(breaking), bati-bati 
(heavy breaking), pold
poki (breaking), baki
bald (heavy breaking), 
meki-meki (remarkably, 
rapidly), syaki-syaki 
(briskly, concisely), melt
ing, weakening 

kune-kune (sway, mean
der), une-une (winding, 
tortuous) 

funya-funya (limply, 
flabby), kunya-kunya (soft 
and cuddly) munya-
munya (mumble), 
gunya-gunya (melting, 
weakened) 

dosi-dosi (hand over 
fist, Without hesitation), 
gosf-gosi (scrub), basi
basi (whack), gasi-gasi 
(fierce scrubbing), gisi-gisi 
(squeeze, be packed), hisi
hisi (press, feel keenly) 

boso-boso (in a sUbdued 
voice), hiso-hiso (in whis
pers), koso-koso (secretly, 
stealthily), moso-moso 
(slow movement), boso
boso (under one's breath), 
goso-goso (rummage) 



EXPROP ev + te + ev + te 

ANXIETY (e)v + zu + (e)v + zu 

Feature ID Pattern (2nd, 3rd & 4th) 

SUDDEN e + Q-tari 

GENTLE cv +N-wari 

SUCCESS cv + Q-tiri 

CLEAR ev + Q-kiri 

EXGOOD cv + Q-pari 

SUFF CV + Q-puri 

MANY CV + Q-sari 

exceed the 
amount 

proper bote-bote (fat, obese), gote- mote-mote (sexuan~ 
gate (gaudy, heavy), kote- tractive) 

anxiety, impatience 

Meaning 

sudden/abrupt action 

gentleness 

successful, positively 
evaluated, compact 

clear-cut, exactly 

exceed the proper 
amount (with positive 
connotation) 

sufficient amount 

many 
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kate (thickly, lavishly), 
bate-bate (exhausted) 

guzu-guzu (grumble), 
muzu-muzu (burning 
with desire), uzu-uzu 
(impatient, itching) 

Tokens 

gaQ-tari (destroy sud
denly), baQ-tari (run into, 
stop suddenly), paQ-tari 
(suddenly, abruptly) 

fuN-wari (fluffy), jiN-wari 
(well up slowly),yaN-wari 
(gentle, mild) 

baQ-tiri (perfect), miQ-tiri 
(full, soft), ga-tiri (full, 
hard), gaQ-tiri (solid, 
steady, tight), kiQ-tiri 
(exact, perfect, tight) 

haQ-kiri (clearly, without 
any misunderstanding), 
kUQ-kiri (clearly, dis
tinctly), nyoQ-kiri (stuck 
out), tyoQ-kiri (exactly) 

gaQ-pori (make a pile of 
money), goQ-pori (in a 
large quantity), si.:.pori 
(wet through, tender, 
passionate), sUQ-pori 

dOQ-puri (to the full, be 
up to one's neck in), gaQ
puri (drink up a large 
amount of liquid), taQ
puri (plenty, full of) 

baQ-sari (make a dras
tic cut), guQ-pori (stab 
/ plunge in completely), 
dOQ-sari (heaps/loads of), 
fuQ-sari (abundant hair) 

Anomylous tokens 



PLENTY CV + Q-siri plenty, packed dOQ-siri (massive), giQ-siri 
(closely, tightly), biQ-siri 
(filled completely), zUQ-
siri (heavy) 

HEAVY CV + Q-teri heavy, fat gOQ-teri (thick, stodgy), 
kOQ-teri (filling, rich), poQ-
ten (plump, chubby) 

RELAX (c)v + Q-tori relaxing oQ-tori (composed, gen- YOQ-tori (chill, relaxe 
tie [personality]), siQ-tori 
(quiet, calm), uQ-tori (en-
chanted) 

Feature ID Pattern (partialredup) Meaning Tokens Anomylous tokens 

UNATR ci vI + tya + c2v2 + tya disorder, unattractiveness betya-kutya (gab), metya-
kutya (unreasonable, inco-
herent), petya-kutya (chat-
ter) 

FIDGET (cl)vl + fa + c2v2 + ta restlessness, fidgety ata-futa (hastily), dota-bata 
(make a fuss), jita-bata 
(flail) 
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Appendix B: Combined Trial Two Corpus 

mo.go.mo.go 
mo.Q.sa.ri 
mo.so.mo.SO 
mo.ya.mo.ya 
mo.ku.mo.ku 
mo.rLmo.ri 
mu.ka.mu.ka 
mu.N.mu.N 
mU.ra.mu.ra 
mu.ku.mu.ku 
mu.ki.mu.ki 
ne.ba.ne.ba 
ne.tLne.ti 
ne.Q.to.ri 
no. bL no. bi 
no.ko.no.ko 
nO.ro.no.ro 
yo.bo.yo.bo 
yo. tLyo. ti 
yo.ta.yo.ta 
yo.ro.yo.ro 
yu.Q.ku.ri 
yu.Q.ra.ri 
yu. sa.yu. sa 
yu.Q.ta.ri 
yu.u.yu.u 
ba.sa.ba.sa 
ka.sa.ka.sa 
wa.sa.wa.sa 
pa.sa.pa.sa 
gi.ti.gi.ti 
ka.tLka.ti 
ko.tLko.ti 
ba.tLba.ti 
pa. tLpa. ti 
so.bo.so.bo 
to.bo.to.bo 
yo.bo.yo.bo 
do.ro.do.ro 
o.ro.o.ro 
go.ro.go.ro 
bo.ro.bo.ro 
ho.ro.ho.ro 
po.ro.po.ro 
gu. jya. gu. jya 
u.jya.u.jya 
ku.ra.ku.ra 
u.ra.u.ra 
yu.ra.yu.ra 
su.ra.su.ra 

mumble 
sluggish 
slow movement 
hazy, murky 
send up lots of smoke 
have thick muscles [e] 
retch 
stuffy, sultry 

irresistible temptation 
growing 
have thick muscles 
sticky, greasy 
sticky, persistent 
clammy, viscous 
feel at ease 
nonchalantly 
drag oneself 
feeble, shaky 
toddle 
toddler 
unstable, weak 
slowly, at leisure 
slowly 
sway to and fro 
slowly 
chill (not temperature) 
crumbly, disheveled 
dry, rough 
nervous, restless 
dry 
very tight 
frozen hard, dried up 
tense, stiff, frozen 
brittle (large) 
brittle 
dispirited 
trudge wearily 
feeble, shaky, unsteady 
pulpy, mushy 
thrown off balance 
lie about idly 
in big drops 
in small drops 
in drops 
slushy, sloppy 
wriggle 
dizzy, reeling 
gentle 
quake, sway 
smoothly, without a hitch 
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mu.ra.mu.ra 
gu.ra.gu.ra 
bu.ra.bu.ra 
tyo.ro.tyo.ro 
hyo.ro.hyo.ro 
kyo.ro.kyo.ro 
nyo. ro. ,nyo. ro 
gyo.ro.gyo.ro 
de.bu.de.bu 
ga.bu.ga.bu 
za.bu.za.bu 
i.tya.i.tya 
go.tya.go.tya 
ku.tya.ku.tya 
bi. tya. bi. tya 
go.tya.go.tya 
ma.go.ma.go 
su.go.su.go 
i. ji. L ji 
mo. ji.mo. j i 
tao ji. tao j i 
nu.ke.nu.ke 
zu.ke.zu.ke 
tsu.ke.tsu.ke 
do. kLdo.ki 
me • ki. me. ki 
sya.ki.sya.ki 
pa.ki.pa.ki 
ba.ki.ba.ki 
po.ki.po.ki 
ku.ne.ku.ne 
u.ne.u.ne 
fu.nya.fu.nya 
ku.nya.ku.nya 
mu.nya.mu.nya 
gu.nya.gu.nya 
do. si.do. si 
gi. si. gi. si 
hi. si. hi. si 
go. si. go. si 
baa si.ba. si 
gao si.ga. si 
bo.so.bo.so 
hi. so.hi. so 
ko.so.ko.so 
mO. so .mo. so 
go. so.go. so ' 
bo.te.bo.te 
go.te.go.te 
ko.te.ko.te 
ba.te.ba.te 
mo.te.mo.te 
gu.zu.gu.zu 

swaying 
toppling 
swaying, idling 
trickle, flicker 
totter, toddle, stagger 
look around restlessly, nervously 
long and squirming 
dribbling 
fat and flabby 
guzzle, chug, slosh 
splash 
flirt 
messy, jumbled 
crumpled 
spurting 
speak worthlessly 
at a loss, disorganized 
disheartened, downcast 
hesitantly, timidly 
bashful, fidget 
quail 
impudently, brazenly 
bluntly, without reserve 
rudely 
beat fast, throb 
remarkably, rapidly 
biskly, concisely 
breaking 
heavy breaking 
breaking 
sway, meander 
winding, tortuous 
limply, flabby 
soft and cuddly 
mumble 
soft, weakened 
hand over fist, without hesitation 
squeeze, be packed 
press, feel keenly 
scrub 
whack 
fierce scrubbing 
in a subdued voice 
in whispers 
secretly, stealthily 
-slow movement 
rununage 
fat, obese 
gaudy, heavy 
thickly, lavishly 
exhausted 
sexy [e] 
grumble 
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mU.zu.mu.zu 
u.zu.u.zu 
ga.Q.ta.ri 
ba.Q.ta.ri 
pa.Q.ta.ri 
fu.N.wa.ri 
ji.N .wa.ri 
ya.N.wa.ri 
ba.Q.ti.ri 
ga.Q.tLri 
kLQ.tLri 
ha.Q.kLri 
ku.Q.kLri 
nyo.Q.kLri 
tyo.Q. kLri 
ga.Q.po.ri 
go.Q.po.ri 
sLQ.po.ri 
do.Q.pu.ri 
ga.Q.pu.ri 
ta.Q.pu.ri 
su.Q.pu.ri 
ba.Q.sa.ri 
do.Q.sa.ri 
fu.Q.sa.ri 
gu.Q.sa.ri 
do.Q. si. ri 
gi.Q.sLri 
zu. Q. si. ri 
go.Q.te.ri 
ko.Q.te.ri 
po.Q.te.ri 
o.Q.to.ri 
sLQ.to.ri 
u.Q.to.ri 
yo.Q.to.ri 
ne.Q.to.ri 
be.Q.to.ri 
ji.Q.to.ri 
be.tya.ku.tya 
me.tya.me.tya 
pe.tya.pe.tya 
a.ta.fu.ta 
do.ta.do.ta 
ji,ta.ba.ta 

burning with desire 
impatient, itching 
destroy suddenly 
run into, stop suddenly 
suddenly, abruptly 
fluffy 
well up slowly 
gently, mild 
perfect 
solid, steady, tight 
exactly, perfect, tight 
clearly, without misunderstanding 
clearly, distinctly 
stuck out 
exactly 
make a pile of money 
in a large quantity 
wet though, tender and passionate 
to the full, be up to one's neck 
drink up a lot of liquid 
plenty, full of 
fits perfectly 
make a drastic cut 
heaps / loads of 
abundant hair 
heaps, loads of 
massive 
closely, tightly 
heavy 
thick, stodgy 
filling, rich 
plump, chubby 
composed, gentle 
quiet, calm 
enchanted 
laid back 
clammy, viscous 
sticky, tight [e] 
damp, moist [e] 
gab 
unreasonable, incoherent 
chatter 
hastily 
make a fuss 
flail 
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Appendix C: Original Code' 

This research is greatly indebted to Lisa Meeden and Doug Blank of Swarthmore and Bryn 

Mawr colleges and their colleagues for their work on the Python Robotics. The complete 

source is available at http://www.pyrobotics.org. See Blank~ D.S.~ Kumar D.~ Meeden, L. 

(2005). 

VOWELS "aiueo" 
VELARS = "kg" 
NASALS = "mn" 
FRICATIVES = "szSZT" 
PALATALS. = "y" 
CORONALS = "stzdnyr" 
LABIALS "" "mbwp" 

V HIGH = "iu" 
V LOW = "a" 
V BACK = "aou" 
V LABIAL "" "ou" 
V TENSE"" "iuoe" 

MORAIC N = "N" 
GEMINATE "" "Q" 

VOICED = "zbgr" + VOWELS + NASALS + MORAIC N 

def firstPosFeature(string, fset): 
if fset.find(string[O]) """" -1: 

. return 0 
else: 

return 1 

def secondPosFeature(string, fset): 
if fset.find(string[len(string)-l]) -- -1: 

return 0 
else: 

return 1 

def floatingFeature(string, fset): 
for c in fset: 

if string.find(c) != -1: 
return 1 

return 0 

def rnoraFeatures(string): 

features "" [] 
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( 

FEATURE ORDER: 

velar palatal nasal coronal labial fricative 
voiced rnoraic_nasal geminate vowel_high vowel_low 
vowel back vowel labial vowel tense (14) 
nnn 

features features + [firstPosFeature(string, 
features features + [floatingFe*ture(string, 
features features + [firstPosFeature(string, 
features features + [firstPosFeature(string, 
features features + [firstPosFeature(string, 
features features + [floatingFeature(string, 
features features' + [firstPosFeature(string, 
features = features + [£irstPosFeature(string, 
features features + [firstPosFeature(string, 
features = features + [secondPosFeature(string, 
features = features + [secondPosFeature(string, 
features = features + [secondPosFeature(string, 
features features + [secondPosFeature(string, 
features features + [secondPosFeature(string, 

n" u 

#Voicing 
if VOICED.find(string[O) == -1: 

features "" features + [0 ] 
else: 

features features + [1 ] 
#ve1ar 
if VELARS. find ( str ing[ 0] ) == -1: 

features features + [0] 
else: 

features = features + [ 1] 
#fricative 
if FRICATIVES.find(string[O]) 

features"" features + [0] 
else: 

features"" features + [1] 

return features 

def featurize(string): 
moraList string.split('.') 
features = [] 

for mora in moraList: 
# print mora 
# print rnoraFeatures(mora) 

-1: 

features = features + moraFeatures(mora) 

ii 

VELARS) ] 
PALATALS) J 
NASALS) ] 
CORONALS) J 
LABIALS) J 
FRICATIVES)] 
VOICED) 1 
MORAIC_N) ] 
GEMINATE) ] 

V_HIGH) ] 
V_LOW) 1 
V_BACK) ] 
V_LABIAL) ] 
V_TENSE) ] 



return features 

def phonaesthize(n, fname, j, dValue, oFile): 
# retrieve string 

tdata h = open(fname) 
tdata tdata_h.readlines() 

# debug printing 
print "read from file:" 
print tdata 

k = 0 

#if we're dumping activations 
if dValue == 1: 

activationsFile = open ( "a_dump. dat II , "W") 

namesFile = open("a_names.dat", "W") 

if oFile != "": 
oHandle open(oFile, "w") 

# master loop 
eList [] 

while k < j: 
k = k + 1 
for line in tdata: 

pFeatures "" line.split('\t') [0'] 
sList"" line.split() 

sFeatures"" [] 
#hack atoi for sFeatures 
i = 1 
while i < len(sList): 

sFeatures = sFeatures + [string.atoi(sList[i})} 
i = i + 1 

current 
results 

featurize(pFeatures) 
sFeatures 

#copy to layers 
n.getLayer('input').copyActivations(current) 
n.getLayer('output').copyTargets(results) 

#if we're dumping activations 
if dValue == 1: 

aList = n.getLayer('hidden'}.getActivationsList() 
for v in aList: 

activationsFile.write(str(v» 
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activationSFile.write("\n") 
namesFile.write(pFeatures) 
namesFile.write(tI\n") 

#step network 
(error, correct, count) 

#record error 
print error 
eList = eList + [error] 

n. step( ) 

#if we're outputting to a file 
if oFile 1= "": 

oHandle.write(str(error» 
oHandle.write( "\n") 

if k == j - 1: 
aError = 0 
for v in eList: 

aError = aError + v 
aError = aError / len(eList) 

print "FINAL AVERAGE ERROR:" 
print aError 

if dValue == 1: 
activationsFile.close() 
namesFile.close() 

if __ name __ ==' main ': 

USAGE: 
python gitaigo.py trainingfile cycles header 
[-s nfile] [-1 nfile] [-e efile] [-dJ [-0 outfileJ 

if sys.argv[3] == '1': 
print n\n ••. GITAIGO.vl.2 .•••••••••••••••••••• II 
print. " ••• Luke.Smith.2006 ...••••••••••.•••. " 
print " ••• Swarthmore College Linguistics ••. \n" 

# If we're loading from a file ••. 

try: 
fSIndex = sys.argv.index("-l") + 1 
n :: 10adNetworkFromFile(sys.argv[fsIndex]) 
print "loaded network from file:" 
print sys.argv[fSIndex) 

except(ValueError): 
n = Network ( ) 
n.addThreeLayers(56,60,37) 
n.setEpsilon(O.25) 
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n.setMomentum(O.l) 
n.SetBatch(O) 
n.setReportRate(lOO) 
n.setLayerVerification(O) # turn off automatic error checking 

# check for activations dump 
try: 

if sys.argv.index("-d") > 0: 
dValue = 1 

except(ValueE~ror): 

dValue = 0 

# check for output dump" 
oFile = tI" 

try: 
if sys.argv.index("-o") > 0: 

oValue = 1 
oFile = sys.argv[sys.argv.index{"-on) + 1] 

except(ValueError): 
oValue = 0 

phonaesthize(n, sys.argv[1], string.atoi(sys.argv[2]), dValue, OFile) 

# if we're saving to a file ..• 
try: 

fSIndex = sys.argv.index( "-s") + 1 
n.saveNetworkToFile(sys.argv[fsIndex]) 

except(ValueError): 
n = Network ( ) 
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Appendix D: Trial Two Cluster Analysis 

minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 

0.000000 
0.000000 
0.000009 
0.000012 

-: 0.000014 
0.000017 
0.000019 
0.00002l 
0.000033 
0.000055 
0.000057 
0.000057 
0.000061 
0.000064 

minimum distance 0.000074 
minimum distance 0.000082 
minimum distance 0.000089 
minimum distance 0.000112 
minimum distance a 0.000116 
minimum distance 0.000120 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 

.0.000146 
0.000149 
0.000212 
0.000231 
0.000248 
0.000255 
0.000276 
0.000294 
0.000308 
0.000;382 
0.000409 
0.000430 
0.000465 

minimum distance'" 0.000475 
minimum distance'" 0.000505 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 

0.000526 
0.000556 
0.000606 
0.000710 
0.000734 
0.000794 
0.000864 

minimum distance 0.000907 
minimum distance - 0.000959 
minimum distance 0.001050 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 

0.001120 
0.001220 
0.001222 
0.001303 
0.001425 
0.001539 

minimum distance 0.001552 
minimum distance - 0·.001677 
minimum distance 0.001772 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 

0.002093 
0.002527 
0.002778 

'" 0.002845 
0.002980 
0.003189 
0.003206 
0.003401 
0.003418 

( mu.ra.mu.ra ) yu.Q.ta.ri ) 
( ku.tya.ku.tya ( yu.Q.ta.ri mu.ra.mu.ra 
( do.ta.do.ta ) bi.tya.bi.tya 
( gu.ra.gu.ra ) ( mu.ku.mu.ku ) 
( zu.Q.si.ri ) ( gi.si.gi.si ) 
( ka.ti.ka.ti ) ( pa.sa.pa.sa ) 
( ko.Q.te.ri ) ( ku.ra.ku.ra ) 
( ku.Q.ki.ri ) ( ki.Q.ti.ri ) 
( g1.s1.g1.si zu.Q.sLri ) ( mu •. ku.mu.ku gu.ra.gu.ra ) 
( mu.nya.mu.nya ) ( t5u.ke.tsu.ke ) 
( tyo.Q.ki.ri ) ( gu.nya.gu.nya ) 
( be.Q.to.ri ) ( yo.ti.yo.ti ) 
( bi~tya.bi.tya do.ta.do.ta ) ( mu.ku.mu.ku gu.ra.gu.ra gi.5i.gi.si 
( ba.ki.ba.ki ) ( so.bo.so.bo ) 
( ku.ra.ku.ra ko.Q.te.ri ) ( su.ra.su.ra 
( yo.ro.yo.ro ) ( mo.go.mo.go ) 
( yu.u.yu.u ) yu.sa.yu.sa ) 
( mo.te.mo.te ( pa.ti.pa.ti 
( tyo.ro.tyo.ro ( ka.sa.ka.sa 
( ya.N.wa.ri ) ( ku.ne.ku.ne ) 
( mu.ku.mu.ku gu.ra.gu.ra gi.si.gi.si zu.Q.5i.ri bi.tya.bi.tya do.ta.do.ta 
( sU.ra.su.ra ku.ra.ku.ra ko.Q.te.ri ) ( yu.Q.ta.ri mU.ra.mu.ra ku.t] 
( pa.ti.pa.ti mo.te.mo.te ) ( po.ki.po.ki ) 
( bu.ra.bu.ra mu.ku.mu.ku gu.ra.gu.ra gi.si.gi.si zu.Q.si.ri bi.tya.bi.tya ( 
( yu.Q.ta.ri mU.ra.mu.ra ku.tya.ku.tya su.ra.su.ra ku.ra.ku.ra ko.Q.te.ri ) 
( yo.bo.yo.bo ) ( mu.ki.mu.ki ) 
( mo.ji.mo.ji ) ( u.jya.u.jya ) 
( ga.Q.po.ri ) ( gyo.ro.gyo.ro ) 
( t5u.ke.tsu.ke mu.nya.mu.nya ) ( go.tya.go.tya ) 
( pe.tya.pe.tya ) ( ma.go.ma.go ) 
( fu.Q.sa.ri ) ( U.zU.U.zu ) 
( po.ki.po.ki pa.ti.pa.ti mo.te.mo.te ) so.bo.so.bo ba.ki.ba.ki 
( go.tya.go.tya tsu.ke.tsu.ke mu.nya.mu.nya ( u.ra.u.ra ) 
( ne.Q.to.ri ) ( nyo.Q.ki.ri ) 
( si.Q.po.ri ) ( ji.N.wa.ri ) 
( gu.nya.gu.nya tyo.Q.ki.ri bu.ra.bu.ra mu.ku.mu.ku gu.ra.gu.ra gi.si.gi.si 
( ka.sa.ka.sa tyo.ro.tyo.ro ) ( ne.Q.to.ri ) 
( so.bo.so.bo ba.ki.ba.ki po.ki.po.ki pa.ti.pa.ti mo.te.mo.te ) ( boo 
( ki.Q.ti.ri ku.Q.ki.ri ) ( u.ra.u.ra go.tya.go.tya tsu.ke.tsu.ke mu. 
( gyo.ro.gyo.ro ga.Q.po.ri ) ( no.bi.no.bi ) 
( sya.ki.sya.ki ) ( yu.Q.ra.ri ) 
( gi.Q.si.ri ) ( kyo.ro.kyo.ro ) 
( ku.ne.ku.ne ya.N.wa.ri ) ( ko.ti.ko.ti 
( su.Q.pu.ri ) ( mo.ya.mo.ya 
( yo.ti.yo.ti be.Q.to.ri ) ( ne.Q.to.ri ka.sa.ka.sa tyo.ro.tyo.ro ) 
( ga.Q.ti.ri ) ( za.bu.za.bu ) 
( ta.ji.ta.ji ) ( mo.Q.sa.ri ) 
( yu.Q.ra.ri sya.ki.sya.ki ) ( mu.ki.mu.ki yo.bo.yo.bo ) 
( ko.ti.ko.ti ku.ne.ku.ne ya.N.wa.ri ) ( u.jya.u.jya mo.ji.mo.ji ) 
( mo.go.mo.go yo.ro.yo.ro yu.Q.ta.ri mu.ra.mu.ra ku.tya.ku.tya su.ra.su.ra 
( ba.te.ba.te ) ( mu.N.mu.N ) 
( ne.Q.to.ri ka.sa.ka.sa tyo.ro.tyo.ro yo.ti.yo.ti be.Q.to.ri ) ( do. 
( go.5i.go.si ) ( hi.si.hi.si ) 
( ga.Q.pu.ri ) ( ba.Q.ta.ri ) 
( no.bi.no.bi gyo.ro.gyo.ro ga.Q.po.ri ( nO.ro.no.ro ) 
( po.Q.te.ri ) ( mu.ra.mu.ra ) 
( do.ki.do.ki ne.Q.to.ri ka.sa.ka.sa tyo.ro.tyo.ro yo.ti.yo.ti be.Q.to.ri 
( ji.N.wa.ri si.Q.po.ri ) ( mo.Q.sa.ri ta.ji.ta.ji ) 
( kyo.ro.kyo.ro gi.Q.si.ri ) ( mu.ki.mu.ki yo.bo.yo.bo yu.Q.ra.ri Syi 
( U.zU.U.zu fu.Q.sa.ri ) ( yu.sa.yu.sa yu.u.yu.u ) 
( po.ro.po.ro ) ( bo.ro.bo.ro ) 
( u.jya.u.jya mo.ji.mo.ji ko.ti.ko.ti ku.ne.ku.ne ya.N.wa.ri { bO.f 
( pa.Q.ta.ri ) ( ba.si.ba.si ) 

i 



minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance -
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance -
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance ~ 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
minimum distance 
Resulting Tree = 

0.003654 
0.003872 
0.004173 
0.004222 
0.004790 
0.005105 
0.005478 
0.005564 
0.005745 
0.005890 
0.006480 
0.007183 
0.009678 
0.009957 
0.010037 
0.010299 
0.011167 
0.011349 
0.012010 
0.012103 
0.012453 
0.013591 
0.015558 
0.016346 
0.021130 
0.021733 
0.022283 
0.023636 
0.025616 
0.027316 
0.027425 
0.030766 
0.041142 
0.045747 
0.052773 
0.058806 
0.060869 
0.071151 
0.075812 
0.100507 
0.102745 
0.131916 
0.135562 
0.171335 
0.412362 
0.841598 

( 
( 
( 

( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 

( 
( 
( 
( 

( 
( 
( 

( 
( 
( 
( 

( 
( 
( 

( 
( 
( 
( 
( 
( 
( 

( 
( 
( 
( 
( 
( 
( 

( 
( 

kO.te.ko.te ( mo.so.mo.so ) 
ma.go.ma.go pe.tya.pe.tya ) ( mo.ku.mo.ku 
za.bu.za.bu ga.Q.ti.ri ) ( ho.ro.ho.ro ) 
u.Q.to.ri r ( hi.si.hi.si go.si.go.si ) 
yo.Q.to.ri ) ( ba.Q.ta.ri ga.Q.pu.ri ) 
gu.zu.gu.zu ) ( mo.ri.mo.ri ) 
ko.so.ko.so ) ( nyo.ro.nyo.ro ) 
u.ra.u.ra go.tya.go.tya tsu.ke.tsu.ke mu.nya.mu.nya ki.Q.ti.ri ku.Q.ki.ri 
mu.ra.rnu.ra po.Q.te.ri ) ( do.Q.sa.ri ) 
mu.ki.rnu.ki yo.bo,yo.bo yu.Q.ra.ri sya.ki.sya.ki kyo.ro.kyo.ro gi.Q.si.ri 
mu.N.mu.N ba.te.ba.te ). ( ba.ti.ba.ti ) 
ho.ro.ho.ro za.bu;za.bu ga.Q.ti.ri ) ( bo.so.bo.so so.bo.so.bo ba.l 
mo.so.mo.so ko.te.ko.te ) ( bo.ro.bo.ro po.ro.po.ro ) 
me~tya.me.tya ) ( ne.ti.ne.ti ) 
hi.si.hi.si go.si.go.si u.Q.to.ri ) do.Q.sa.ri mu.ra.mu.ra po.Q.i 
a.ta.fu.ta ) ( si.Q.to.ri ) 
nyo.Q.ki.ri ne.Q.to.ri ) ( ba.Q.ta.ri ga.Q.pu.ri yo.Q.to.ri ) 
do.Q.pu.ri ) ( pa.sa.pa.sa ka.ti.ka.ti ) 
nO.ro.no.ro no.bi.no.bi gyo.ro.gyo.ro ga.Q.po.ri do.ki.do.ki ne.Q.to.ri k. 
yo.ta.yo.ta mu.ki.mu.ki yo.bo.yo.bo yu.Q.ra.ri sya.ki.sya.ki kyo.ro.kyo.r( 
mo.ri.mo.ri gu.zu.gu.zu ) ( ga.bu.ga.bu ) 
go.te.go.te ) ( zu.ke.zu.ke ) 
pa.sa.pa.sa ka.ti.ka.ti do.Q.pu.ri ) ( ba.si.ba.si pa.Q.ta.ri ) 
ba.ti.ba.ti mU.N.mu.N ba.te.ba.te ) ( nyo.ro.nyo.ro ko.so.ko.so 
ga.bu.ga.bu mo.ri.mo.ri gu.zu.gu.zu ) ( bo.ro.bo.ro po.ro.po.ro mo, 
yu.sa.yu.sa yu.u.yu.u u.zu.u.zu fu.Q.sa.ri ) ( go.ro.go.ro ) 
si.Q.to.ri a.ta.fu.ta ) ( ne.ti.ne.ti me.tya.me.tya ) 
gu.Q.sa.ri ) ( wa.sa.wa.sa ) 
mo.Q.sa.ri ta.ji.ta.ji ji.N.wa.ri si.Q.po.ri ) ( nyo.ro.nyo.ro ko.1 
ba.si.ba.si pa.Q.ta.ri pa.sa.pa.sa ka.ti.ka.ti do.Q.pu.ri ) ( pa.k: 
ba.Q.ta.ri ga.Q.pu.ri yo.Q.to.ri nyo.Q.ki.ri ne.Q.to.ri ( do.Q.sl 
zu.ke.zu.ke go.te.go.te ) ( go.so.go.so ) 
ne.ti.ne.ti me.tya.me.tya si.Q.to.ri a.ta.fu.ta ) ( mo.ya.mo .. --.. 5U. 
do.Q.sa.ri mU.ra.mu.ra po.Q.te.ri hi.sLhLsi gO.5i.gO.5i u.Q.to.r~ ,Q.i 
nyo.ro.nyo.ro ko.so.ko.so ba.ti.ba.ti mu.N.mu.N ba.te.ba.te mo.Q.sa.· , tao 
pa.kLpa.ki ba.sLba.si pa.Q.ta.ri pa.sa.pa.sa ka;tLka.ti do.Q.pu.( 
mo.ku.mo.ku ma.go.ma.go pe.tya.pe.tya nO.ro.no.ro no.bi.no.bi gyo.r~_~yo., 
ji.Q.to.ri ) ( ku.nya.ku.nya ) 
mo.ya.mo.ya su.Q.pu.ri ne.ti.ne.ti me.tya.me.tya si.Q.to.ri a.ta.fu.ta ) 
wa.sa.wa.sa gu.Q.sa.ri mo.ya.mo.ya su.Q.pu.ri ne.ti.ne.ti rne.tya.me.tya s: 
bo.ro.bo.ro po.ro.po.ro mo.so.mo.so ko.te.ko.te ga.bu.ga.bu mo.ri.mo.ri ~ 
go.so.go.so zu.ke.zu.ke go.te.go.te bo.ro.bo.ro po.ro.po.ro mo.so.mo.so k( 
ku.nya.ku.nya ji.Q.to.ri ) ( i.tya.i.tya ) 
go.ro.go.ro yu.sa~yu.sa yu.u.yu.u u.zu.u.zu fu.Q.5a.ri do.Q.sa.ri mu.ra.ml 
do.ro.do.ro yo.ta.yo.ta mu.ki.mu.ki yo.bo.yo.bo yu.Q.ra.ri sya.ki.sya.ki I 
i.tya.i.tya ku.nya.ku.nya ji.Q.to.ri do.ro.do.ro yo.ta.yo.ta mu.ki.mu.ki 1 

1-> bo.so.bo.so 
I-I _1-> so.bo.so.bo 
I I-I 1-> ba.kLba.ki 
I 1_1-> po.ki.po.ki 

I-I 1_1-> pa.ti.pa.ti 
I I 1-> mo.te.mo.te 
I 1 _1-> u.jya.u.jya 
I 1-) 1-> mo.ji.mo.ji 

1--1 1_1-> ko.ti.ko.ti 
I I 1_1-> ku.ne.ku.ne 
I I 1-:> ya.N.wa.ri 
1 LI-> ho.ro.ho.ro 
1 1_1-> za.bu.za.bu 

---I 1-> ga.Q.ti.ri 
1 _1-> nyo.ro.nyo.ro 
) I-I 1-> ko.so.ko.so 
I I 1_1-> ba .ti.ba.ti 
I I 1_)-> mu.N.mu.N 
1--1 1-> ba.te.ba.te 

I _1-> mo.Q.sa.ri 

ii 



1-------------------1 
I 
I 
I 
I 
I 
1 

1---

H 1-> ta.ji. tao ji 
1_1-> ji.N.wa.ri 

1-> si.Q.po.ri 
_1-> go.so.go.so 

1_1-> zu.ke.zu.ke 
1-> go.te.go.te 

_1-> bo.ro.bo.ro 
I - 1 1-> po. ro . po . ro 
I 1_1-> mo.so.mo.so 

1--1 1-> ko.te.ko.te 
I 1_1-> ga.bu.ga.bu 

---I 1_1-> mo.ri.mo.ri 
I 1-> gu.zu.gu.zu 
I 1-> pa.ki.pa.ki 
1--1 _1-> ba.si.ba.si 

-I I-I 1-> pa.Q.ta.ri 
] I _1-> pa.sa.pa.sa 
] I-I 1-> ka.ti.ka.ti 
I 1-> do.Q.pu.ri 
I 1---> i.tya.i.tya 
I 1_1--> ku.nya.ku.nya 
I 1--> ji.Q.to.ri 
I -> do.ro.do.ro 
I 1--- -> yo.ta.yo.ta 
I I _1-> mu.ki.mu.ki 
I I I-I 1-> yo.bo.yo.bo 
I 1 1 U-> yu.Q.ra.ri 
I ----I -I 1-> sya.ki.sya.ki 
I I 1 1_1-> kyo. ro • kyo. ro 
1-------------------1 1 1-> gi.Q.si.ri 

I 1 __ 1-> wa.sa.wa.sa 
I 1 1 1-> gu.Q.sa.ri 
1 1---1 _1-> mo.ya.mo.ya 
1 I 1 1-> su.Q.pu.ri 
I 1--1 _1-> ne.ti.ne.ti 
I I-I 1-> me.tya.me.tya 
I 1_1-> si.Q.to.ri 
I 1-> a.ta.fu.ta 
I 1-> go.ro.go.ro 
I 1 I-I _1-> yu.sa.yu.sa 
1---------1 I I-I 1-> yu.u.yu.u 

I 1 1_1-> u.zu.u.zu 
I I 1-> fu.Q.sa.ri 
I 1--1 _1-> do.Q.sa.ri 
I I I 1 1_ -> mu.ra.mu.ra 
I I I I-I -> po.Q.te.ri 
I I I I I _ -> hi.si.hi.si 
I I I I I-I ~> go.si.go.si 
I I I -I 1-> u. Q • to . r i 
I I I _1-> ba.Q.ta.ri 
1 I I I-I 1-> ga.Q.pu.ri 
I 1 I-I I -> yo. Q • to . r i 
1----1 1_1-> nyo.Q.ki.ri 

I 1-> ne.Q.to.ri 
I _1-> mo.ku.mo.ku 
I I 1_1-> ma.go.ma.go 
I I ]-> pe.tya.pe.tya 
I 1 _I -> no. ro • no . ro 
I I I 1_1-> no.bi.no.bi 
I I I 1_1-> gyo.ro.gyo.ro 
] I I-I 1-> ga.Q.po.ri 
1--1 I I 1-> do.kLdo.ki 

1 I I -I _1-> ne. Q • to • r i 
I 1 1 1 1_1-> ka.sa.ka.sa 
1 I I-I 1-> tyo.ro.tyo.ro 
I I U-> yo.ti.yo.ti 
I ] 1-> be.Q.to.ri 

iii 



I-I _1-> u.ra.u.ra 
I I 1_1-> go.tya.go.tya 
I I-I I~I-> tsu.ke.tsu.ke 
I 1 I 1-> mu.nya.mu.nya 
I 1 U-> kLQ.tLri 
I I 1-> ku.Q.ki.ri 
I 1 _1-> mo.go.mo.go 
I-I 1 1-> yo.ro.yo.ro 

I I-I _1-> yu.Q.ta.ri 
I I I I-I 1-> mU'.ra.mu.ra 
I I I-I 1-> ku.tya.ku.tya 
I I 1_1-> su.ra.su.ra 
I-I 1_1-> ku.ra.ku.ra 

I 1-> ko.Q.te.ri 
I _1-> gu.nya.gu.nya 
I I 1-> tyo.Q.kLri 
I-I 1-> bu.ra.bu.ra 

I I _1-> mu.ku.mu.ku 
I-I I-I 1-> gu.ra.gu.ra 

I I 1_1-> gi.si.gi.si 
I-I 1-> zu.Q.si.ri 

'-1-> bLtya.bLtya 
1-> do.ta.do.ta 

iv 
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