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1 Introduction

In the course of a detailed examination of the recognition results (lattices) output by ATR-SPREC, I
have come across a large number of phenomena that were detrimental to recognition quality, yet seemed
unnecessary. As a consequence I resolved to clean up the recognition lexicon; this Technical Report
details my labours, and presents an evaluation. Cleaning up the lexicon involved removing “superfluous”
entries (I will explain below which entries I considered superfluous, and why) and correcting some errors.
One important reason why I did this, admittedly boring, work is that the low quality of the lexicon
seriously hinders rule-based post-processing. The result of my work is a master lexicon which contains all
the information in the original lexicon plus all the corrections, and a number of scripts to create training
and/or recognition lexicons and abstract various kinds of data from the master lexicon. To evaluate the
lexicon I modified the answer files used for training and testing so that they reflected the changes in the
lexicon, re-trained the language model, and did recognition experiments.

2 Tuning the lexicon

As mentioned above, the revisions consist mainly of removing superfluous entries froni the lexicon. How-
ever, these entries have not been physically removed: rather, they have been “commented out”. That
is to say, they have been prefixed with the symbol #, which makes SPREC ignore them as if they were
comments. This is just as good as physically removing them, but it can be undone and therein lies the
revised lexicon’s tunability. -

Not all entries are removed for the same reason. Some of them are removed because they differ from
each other only in surface realisation (i.e., the character string output by SPREC); others are removed
because they can easily be combined; others again are removed for strategic reasons. What I have
done is to categorise the superfluous entries, and to comment them out with a different string for each
category. For instance, one of the things I have done is to remove all entries with Part-of-Speech “sonota”
(reparanda): for this I have used the string “#S ”. Entries that are simply doubles are commented out
with “#H ”, and include a reference to the ID number of the entry they double with. There are 8
categories of revisions, more if you include combinations of categories. In order to tune the lexicon to
specific requirements, (for instance, produce a lexicon that leaves the reparanda in, but removes the
doubles) it suffices to execute a script (see below). With the right settings, this script will even produce
the original lexicon. ’

3 Revisions
The following kinds of lexicon revisions have been implemented. They are discussed in more detail below.

e I’ve removed doubles, entries that refer to the same word but are merely written differently.
o I've also removed phonetically similar names with different writings.”
e I've removed homonyms, different words that are pronounced similarly.

e ['ve combined pronunciation variants of the same word into one entry. I have distinguished between
interjections (PoS “kantoushi”) and others.

e I’ve removed entries that could be seen as being made up of concatenated simpler entries.
« I've corrected errors.

¢ I've removed all reparanda (PoS “sonota”) from the lexicon.



3.1 Doubles (code #H)

There are many morphemes in the lexicon which are for all practical purposes nothing but doubles:
they refer to the same word, but are just written differently. Examples of these include for instance
interjections that are written once in hiragana and once in katakana; words that differ only in the
number of “okurigana”; and words that are written using different kanji which have the same meaning.
Such differences probably stem from tagging errors. ‘

Note that when two entries doubled with each other, I had no specific criteria to decide which one to
leave in and which one to throw out. Mostly I just chose the one whose surface form I liked best. Also
there are some cases where the #H tag combines with the #C and #S tags.

(—/—\ I_{ Cleanup 1 Doubles1

Doubles:
- same phoneme string (or subset),
- same category,
- same word

Examples:

10207% [TH) t (e olo {ol}} # THITA|TH|MEE | LERHIBH |
#H 10207 10411% [&] t o # & b|&|BIBNE | RN EEER

#H 17756 13703% [(Yx—F4—tE—] zheet i ibi i (|-} # |BEAEBHEIIII
17756% (YzAF4—E—] zh eet i ibii {|-} # - |EBEEIII

17202% (RYEX) hur ik ae (|-} # - |RYUBX|KBHE | —F(EFF] |
By 17202 17207% [EE)] hur i kae {|-} # - |IFEBIXHF|—KR|EH

116 times

. J

Eric M. Visser - ATR Interpreting Telecomnumnications Research Lahaoratories - 1998

3.2 Names (code #J)

Names of people, both family names and given names, have the Part-of-Speech “jinmei” in the SR Lexicon.
In Japanese there may be several ways to write the same name: for instance, the lexicon contains no less
than 4 versions of “Akiko”. However, it is fundamentally impossible for Speech Recognition to distinguish
between different writings of the same name. (In fact this is true not only for class-based language models
but also for word-based language models, with the possible exception of fixed combinations but such cases
are close to cheating anyway.) It may be noted that this revision can be considered a special case of either
the doubles or the homonyms, depending on your point of view.

(Example in the next paragraph)

3.3 Homonyms (code #M)

Words that have the same pronunciation and the exact same grammatical attributes cannot be distin-
guished by a Speech Recognition system that uses only these grammatical attributes, even if they are
really different words. I've found a fair number of such cases, and marked them with the symbol #M.
However, it should be noted that some of these morphemes are split off'into separate classed when using
the composite N-gram method. In such cases, the ambiguity becomes (at least in theory) resolvable. [



have looked up such entries for the case of a composite N-gram with 1000 classes split off, and marked
them doubly with the tag #V1000.

Note: I have generally retained the word that I thought to be the most general, though my intuitions

may be wrong.

Another note: while examples such as the one below, where the kanji are different, are invariably treated
as different words, this is not the case for words of foreign origin. The entry “basu”, for instance, is used
to indicate both “bath” and “bus”. This is obviously wrong, but hasn’t been corrected because it would
have to be done manually.

~ AR

Names: people's names that are pronounced the same
but written with different kanji.

X N
Cleanup 2/3: Names/Homonyms

#J 15177 14058% [HEB]l k i zh ima # EB|FCVIBEIAZLII]
15177% (RB] k i zh i ma # RE[FIZTIREBIALII]]

40 times

Homonyms: same grammar, same pronunciation, different word.

#4 16479 15918% [M{E] h o o s o o {[-} # - |HR|VERF||
16479% (B3] ho o s oo (|-} # - |BHEIVELF|I||

10201% (2] haja # BINYIRIEEHEIEEE| BRI
#M 10201 10740% [EH] h a i a # R|/NV|R|FEEH I FEEH|EBH)

* note: some homonyms are split off as a separate class in the
composite N-gram method.

116 times (- 26 times)
\. S
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3.4 Combinations (codes #CH/#C/#D and #FH/#F/#G)

To a certain extent, the lexicon developers have taken to combining pronunciation variants of a word
into a single entry in the lexicon. For instance, in the lexicon you will find the pronun. ation variant
“beya” combined with the original “heya” into a phoneme string [{h—b} e j a]. The Interjection “¢”
has been combined with its lengthened variant “ee” into [e {~—e}]. However, this has by no means been
done consistently: there are still lots of other morphemes which can be combined. A painful example
1s the aforementioned interjection “e”: in all there are 6 possible pronunciation variants (long or short,
followed by a pause, a glottal stop or nothing: 2 times 3 is 6). However, in the lexicon, there are 7 entries
incorporating these variants a total of 17 times. It goes without saying that this is wasteful; in addition,
I find it hard to believe that tagging is (or even: can be?) done precisely enough to distinguish between

such entries.

The revision is implemented using three tags: #£CH marks an entry which is combined with another and
removed (needs to specify the ID of the entry with which is is combined); #C also marks an entry which
is combined with another, but marks the one whose ID number is retained; and #D marks the new entry,
which has a modified phoneme string which combines those of the two aforementioned morphemes. Also,
interjections have been tagged separately using #IF'H, #F and #G instead of the tags mentioned above.



”"/-\T{

Combinations: same word, slightly different pronunciations

#C 15638% [F7ALFwo)l asurechiqgku {l-} # -|EBRAI|I]
#CH 15638 16731% [FALF o4 wHl asuretiqgkuil-} # - |BERHE]
#D 15638% [F7ALFwHI] asure {chlt) i gku {|-} # —|EBERHF||I
#C 10544% [(AFa1—%—)] kongp juutaea{]-} # '“l%ﬁ%%ﬂll_]]

#CH 10544 14999% [AFa1—%] kongpjuuca {|-} # - |EBBHEII]
#D 10544% [OAFa1—%—~] kongp juuta fal} (|-} # - |BBERZHE|]]]

(+ the same thing for Interjections)

#F 10017% [X—] e (el} (|-} # A—|T—|X—|[E&HE ]

#FH 10017 10203% [X] e {je} (|-} # A|T|A|EES]]|1I

#FH 10017 10917% [Z 2] e {(q}-} # Ao|TviZo|F#EHE1]]

#FH 10017 11802% [ZZ] e e {|-} # AZ|IIIT|ZXZ|EHREIII]

#FH 10017 14603% [I—] e e (|-} # I—|IT—|I—|BEE&E|1]

#FH 10017 14772% [X—D2] e e {ql-} # A—2|I—Y|A— Dl_f'ﬁ?x%ﬂllll

#FPH 10017 17936% [ZZXD] e e q # AXD|IIv|ZXZo|BHEEII]

#G 10017% [A—) e (el} {{ql-} # X—|T—|Z—IE&REI]]

L 49 groups, 168 entries )

] B
Cleanup 4/5;: Combinations

97 groups, 203 entries

Eric M. Visser - ATR Interpreting Telecommunications Research Laboratories - 1998

3.5 Concatenations (code #R)

The lexicon contains a good number of morphemes which can be seen as being made up of smaller
morphemes. This phenomenon is especially marked in the category of interjections or fillers (“kantoushi”).
, and found that about a third of them were in reality nothing
I have removed these on the assumption that they could
just as well be recognised as two consecutive Interjections. Note that the same applies for an enormous

I have taken a quick look at this category
but concatenations of shorter interjections.

number of other (non-interjection) entries (I count at least 1,500!), but I haven’t tagged those.



”—/-\TQ )

Cleanup 6: Concatenations

Concatenations: one entry consisting of two or more parts which
are also in the lexicon :

#R 10017 10054 #/ 15101% (X —&MD—] e e an oo {|-} # || [BHER&E]|]]|]
#R 10017 10054 #/ 15241% [X—HD) e e an o {[-} # || |BE®REI]]

#R 10005 10263 #/ 14755% [HFDTITH] asoodesune {|[-} # ~fr]e
| BERE1

#R 10017 10005 10498 #/ 19611% [X-o®HDX—¢&] eqa ge e t o {|-3 # ]
e EERE L

(note: only Interjections)

92 times
\__ — J
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3.6 FErrors (codes #X/#Y, #X2)

The lexicon contains a number of errors, some of which have an influence on recognition per se and some
of which might make trouble for post-processing. These errors have been corrected. There are two types
of error: ones that can be solved simply by removing a morpheme, and ones that require the incorrect
morpheme to be replaced. The former type has been marked with the tag #X2; of the latter type, the
incorrect morphemes have the tag #X and the correct ones that replace them have the tag #Y.

Note: to be completely honest I've also changed a couple of unfelicitous surface notations using this tag,
e.g. “mon” for “mono”, “n” for “ni”, “hoidewa” for “soredewa”. Since they are only surface notations
they are not important, but they make the recognition results difficult to read (for humans that is). To
be precise, there were 11 of those.

(Examples in the next paragraph)

3.7 Reparanda (code #S5)

Reparanda (mispronunciations and such) have in the ATR corpus been treated just like regular words:
they have been given their own Part-of-Speech (“sonota”), added to the lexicon, and processed as if they
were regular words. Which they are not, of course. There are some very strong arguments for removing
reparanda from the lexicon:

1. Only about 1 % of the utterances in ITL’s Speech and Language Data Base (SLDB) contains the
PoS “sonota”. (234 out of 21,769) (In other words, the recognition rate of 99 % of the utterances
is unlikely to be adversely affected.)

2. However, fully 8 % of the morphemes in the speech recognition dictionary have PoS “sonota’.
(586 out of 7,219) (Clearly, many “sonota” morphemes are used only once. This is of course not

surprising.)



3. Moreover, when running the speech recognition system, close to 20 % of the morphemes that will
be considered in the lattice are “sonota” morphemes. Even if they were not in the utterance and
do not come out in the actual nbest list.

4. And finally the coup de grace: the recognition rate for “sonota” morphemes is very low. I ran a
little test with 4 utterances from the SLDB (which all contained a “sonota” morpheme), and in 3
of the 4 cases the right morpheme was nowhere in the 10-best list, in one case it was in the 5th-best
candidate. This is not surprising if you think of it: they occur very rarely (in the DB anyway)
and their use is irregular, so they will have a low probability both as a category and as an entity.
Reparanda are principally ill-suited to statistical language models.

~AR -

Cleanup 7/8: Errors, "sonota"

Errors: in surface form, PoS, phoneme string

$X 19894% (A ¥ —FaFIbl .. (-} # e | HERHE|
BY 198948 (A& —Fa3FN) .. (1=} # e TEBRE] ]
#X 16886% [E%BE%] kjootoongiju |-} # "'I"']"'I%ﬁ@lﬁallll
#Y 16886% [(FEEPE#H] k J oo t o {|-} ung 35 u {}-} # - |EELH|||I

#X2 18414 14839% [FT5] s ok or a {|-1 # - |BEI|]]
18414% [FZH) sokora {|-} # - |fREHEI|]
# a corpus check reveals these are the exact same usage

70 times (-11)

Reparanda: mispronunciations, partial words etc.

#5 14215% [[TU®1 n i h j a {|-] # [T |24 | [T | FOMI[]]
#S 14060% [SAUR<BAKUBDIZAT .. {|-1 # ||| FDHII]

585 times
\__ Y,

! Eric M. Visser - ATR Imerpreting Telecommunicarions Research Laboratories - 1998

4 Lexicon Statistics

The following table shows the number of entries per PoS for the old lexicon and for two revised versions:
one that does not implement the removal of homonyms (the second column) and one that does (the
rightmost one; I would consider the former one to be the more realistic revised version). Although the
lexicon has been reduced by about 13 %, it should be noted that the lion’s share of the reduction (about
60 %) has been achieved merely by removing the reparanda.



~AlR

~
Total = 7219 6246 (13%)| B157 (-15%)
Nominals EAES - 4503 4382 4329
: . - Regular Nouns - B@®%H| 2383 2358 2315
Comparison: | yerbal Nouns - YZERHE| 549 535 527
) - Adjectival Nouns| - FeRLEH| 209 210 209
lexical - Pronouns - REE 39 37 37
categories - Times and Dates| - B& 115 108 108
before - Proper Nouns - BH%HE| 673 640 639
and - Names - A% 477 435 435
after - Addresses - {XFR% 58 58 58
revision Verbals EHEES] 812 788 769
- Regular Verbs - KEHE 617 606 587
- Auxitiary Verbs | - FEEAEHE 39 38 38
- Affixed Verbs ~ BhEhEH 156 144 144
Adjectives S 102 101 100
Endings BE 77 77 77
Adverbs /53] 305 296 296
Prefixes IBTREE 25 25 22
Suffixes BEHF 153 141 130
Numerals ¥E 36 34 34
Conjunctions L onkE 93 88 88
Adnominals EEEH 28 28 28
column 1: original lexicon Particles BhE 136 129 129
c‘jggigglzréi’;%e4hcmonym's) In;erjectlons Fﬁ?ﬁ?ﬂ 265 76 76
ol 3 €105 Idioms FLENEE 98 82 82
L (that are not splix);ff) Reparanda %U)fﬂ-)' 586 0 0 Yy,

5 Methods

While it would admittedly be nice if there were a script or something you could run to achieve this kind
of cleanup, the reality is that I did it all by hand. I expanded all the morpheme lists, marked entries that
had the same morpheme list, double-marked entries that also had the same category (up to this point I
used emacs’ search-and-replace function with regular expressions), and from there I’ve checked each case
individually. I ran a special hand check of the interjections, because this category obviously had a lot
of room for improvement (as the results show). In addition there are also quite a few revisions I merely
chanced upon, and it is extremely unlikely that the lexicon is error-free even now.

6 Evaluation

Eric M. Visser - ATR Interpreting Telecommunications Research Laborataries - 1998

In order to evaluate the new lexicon, I took the following steps.

s Produced a training lexicon from the Master Lexicon which was discussed above, using a python
script. The script requires a set of “reform conditions”, which state for each of the revisions

(discussed above) whether it is to be implemented or not.

e Adapted the answer files used for training, again using a python script. I used the same set of
answer files as presented in [1]. T also adapted the answer files of the test set.

dialogues | utterances words
Training 2,514 30,112 | 565,935
Testing 64 1,331 | 19,927

s Produced a class definition file from the lexicon, using yet another python script.

e Trained a language model and produced the recognition lexicon using the regular ATR-SPREC
scripts. The language model 1s a composite N-gram model with backoff smoothing and 1000 classes

split off.



» Ran recognition tests. The recognition tests used atrlattres, and the settings were copied from
[1]. The test set was as indicated above. At the time the current version of ATR-SPREC was
105105, which was used in these experiments both for training and for recognition. The acoustic
model was AM.MF.bin Version 1, a gender-independent model. The parameters were as follows.

Imscale 8.0,20.0
beam 90,90
work area | 3000,200

The experiments were carried out for 5 different lexicons; the results are shown in the table below.
Exp04 (experiment 4) uses the lexicon that’s considered to be the “most realistic” revised version. As you
can see, the recognition results show a slight (probably not significant) improvement, while the recognition
efficiency (as expressed by the number of nodes, arcs and words in the lattice as well as the real-time
rate) goes up significantly. In fact, on individual utterances, I have observed speed gains of up to 500 %.
However, again the majority of the improvement is attained merely by removing the reparanda from the
lexicon.

~
AlR=
r— 573 Exp00 Exp01 Exp02 Exp04 Exp05
(1331)total utterances 1330 1330 1330 1329 1329
# perfect 472 471 498 517 518
% accuracy 35.49 35.41 37.44 38.90 38.98
# net perfect 656 656 654 668 671
% accuracy 49,32 49.32 4917 50.26 50.48
total words 17232 17232 17232 17179 17179
T #ins/del/sub|732/ 762/ 2475728/ 759/ 2510{703/ 782/ 2372729/ 754] 2225[731/ 755/ 2220
o % accuracy| (74.8) 76.97| (76.15) 76.80 77.62 78.42 78.43
P % correct 81.22 81.03 81.70 82.66 82.68
acc. #.ins /[ del / subj405/ 415/ 1541|409/ 415/ 15701403/ 427/ 1536|425/ 425/ 1446|423/ 423 1441
N % accuracy (80.37) 86.30 (81.78) 86.11| . 86.27 86.63 86.69
.Er correct # del / sub 472 /1386 471 /1413 496 /1376 489/ 1302 492 /1290
% correct 89.22 89.07 89.14 89.57 89.63
node/arc; 1160/16135] 987 /12150 974/11681 994 [ 11777{ 996/ 11801
word " 167 146 148 151 150
rate (485) 605 (438) 476 463 460 455
Exp00 = original Lex/LM (01 = remove "sonota"); Exp02 = combine Interjections, remove "sonota”
L Exp04 = all revisions except homonyms; Exp05 = all revisions )
Erie M. Visser - ATR Imerpreting Telecommunications Rescarch Laboratories - 1998

A closer look at the test results, concentrating on experiments 1 and 4, shows that about two-thirds
of the test set is unaflected by the changes in the lexicon. (Note that the discussion here is restricted to
the effect of the changes in the lexicon excluding the removal of reparanda.) About 20 but half of this
gain Is offset by the fact that close to 10 % of the recognition results actually deteriorate.



~AR . w
. Individual utterances
ExpO1 Exp04
REEiD) Training set
total utterances 1330 1329 - number of items: 565,935
g o
# perfect 471 517 modified: 14,002 (2.47 %)
% accuracy 35.41 38.90 Test set
# net perfect 656 668 - number of items: 19,927
% accuracy 49.32 50.26 modified: 536 (2.69 %)
total words 17232 17179
T #ins/del/subj 728/ 759/ 2510729/ 754] 2225 per-utterance comparison
0 % accuracy 76.80 78.42
P % correct 81.03 82.66 seikai changed 396
acc. # ins [ del [ sub| 409/ 415/ 1570|425/ 425] 1446
w  %accuracy 86.11 86.63 S aoer 134
E correct # del [ sub 471 /1413 489 /1302 Exp04 is better 268
% correct 89.07 89.57 same error 431
node /arc| 987/12150] 994711777 same score 54
rate 476 460
\_ J
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7 Conclusions

I started this work with the goal of working on a (more or less) intelligent post-processing scheme for
Speech Recognition, which would take the lattice as its basic input. From that point of view I saw the
enormous amount of junk in the lattice as a major impediment to post-processing, and I felt I needed to
work on lightening it. This I think has been achieved, to a point: the test results show a sizable reduction
in the number of nodes, arcs and words in the lattice. It is clear though that the lattice still allows a great
number of linguistically impossible options. I feel it is important to strengthen the linguistic relevance
of the language model processing in order to further reduce the size of the lattice, but it is obvious that
this cannot be achieved by merely cleaning up the lexicon.

A final note: the master lexicon, scripts and various other files associated with this project can be found
in the directory

/dept4/work3/eric/cleanup/

References

[1] Hirokazu Masataki, IXazuhiro Takahashi, Hajime Tsukada, Kouichi Tanigaki, Hirofumi Yamamoto,
Atsushi Nishino and Atsushi Nakamura: Baseline Language Model for Continuous Speech Recogni-
tion. ATR Technical Report, TR-IT-0235, 1997. (in Japanese)
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A R R R R R R R R R R B BB R RS

The following is a list of revisions to the speech recognition lexicon of ATR-SPREC (SLDB format) .
The revisiohs are grouped by type.

S R R S R o R R R R R R R R R B R B R R R R R R RS
### DOUBLES

### doubles of reparanda

#S #H 15120 10376% (1X)] w a (|-} # | & A |

#S #H 14848 10395% [A] s u {|-} # | £ DAl |

#S #H 14848 10545% [T)] s u (|-} # ..[%0)1“34

#S #H 14646 11054% (V] ts u {|-} # RN ARRN

#S #H 14769 11115% [L) sh i (|-} # ..|%Ofh]]|]]

#S #H 10993 11534% [Z]) o {|-} # ..|ZOfB]|]]

#S #H 15986 11564% [H L] ch § o (|-} # ..|Z0OM]|]]
#S #H 14904 11974% [(b) m o {]-} # ..|ZDOf

#S #H 13970 12366% [I}] ke (|-} # ..|#F0Oft

#S #H 14769 14041% [L) sh i {|-} # ..|ZOfb]]]]

#S #H 14186 14079% [&B) t o o (|-} # ..|ZOH|]]]
#S #H 15420 14116% (&) s a {|-} # ..|#0b

#S #H 17222 14571% (3] b a {|-} # ..|FDf

#S #H 15291 14572% (&) a i {|-} # ..|Zof

#S #H 12020 14660% [] h o {|-} # ..|Fofh

#S #H 15081 14745% [Lw—id]) zh j uu h a {J—} # . | FOM )]
#S #H 14858 14760% [&) p u (|-} # ..|%0)1UJ||[

#S #H 17406 14885% [H—] o o {|-} # ..|ZOM|]]]
#S #H 15222 14941% [J1F) u k e (|-} # ..|Foflh]]|]]
#S #H 10661 15021% [f] n a ng {|-) # ..|Z0Ofl|]]]
#S #H 13513 15022% () zh 1 (|-} # ..|%(mm1|u

#S #H 14080 15176% [¥¥]) sh i ng {|-} # ..|Z®i]|]]|
#S #H 19931 15240% [T —) s uu (|-} # ..|ZDfl|]|]|]
#S #H 19547 15286% [iH) t om a (|-} # ..]%@ﬁﬂ”ll
#s #H 15302 15303% [H]) n i ch i {|-} # ..J%@mm
#S #H 15891 15305% [JV] r u {|-} # ..[FOfL]]]]

#S #H 11507 15315% [0 t o (|-} # ..|Zoflt]]|]]

#S #H 20199 15386% [/M&) sh j oo ka i {|-} # ..|%0fb]]]]
#S #H 11507 15510% [M)] t o {]|-} # ]%@ﬁﬂ]lw

#S #H 19745 15720% [AA4) s u i (|-} # ..|Z€0D1l]]|]]
#S #H 19745 15745% [AA) s u i {|-} # ..|®0M|]|]|]
#S #H 17406 16266% [B9] o o (|-} # ..|Z0Ml|]]|]
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#J 19779 19875% [#] h i r o sh i (|-} # ..|A%]||]]
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#M 16031 16549% (/] h a 1/1\JJ EORE =S A=t

#M 17904 16574% [X] t a i {I yoo# | BEAE ]

#M 10694 16616% [EIE] zh i k o k u (|-) # .. |EBH||]|
#M 12417 16638% [HL] sh j a (|-} # ..|HE#|]|]]

#M 11154 16727% (5] t e ng (|-} # .Hi‘-l-:'ﬁ?ﬁlagll )

#M 13859 16815% [ilfi#l] k o o e ng (|-} # ..|VLR&F||]]

#M 17895 16907% [{#E] e ng d a i (|-} # ..|%@%H]|]|]

#M 16313 16953% [{iffff] s e e zh 5 o o (|-} # ..|E&%#|]|]]
#M 19575 17043% [Wf4f] k a ng zh i (|-} # --I%‘n"i'ﬂ?éﬁﬁl%l |
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#M 11243 17135% (%] h a sh 1 (|- | Eeh g | ]|
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#M 11038 17597% [EMNF] angna i sh o {|-) # .. |E&ELH]]|]|
#M 16203 17687% [—#l i gt a i {|-} # %@%Eﬂ‘ IH

#M 12766 17806% [ 7] n a k un a # ..|KEd|FiBrT |5EW] |
#M 16736 17962% [BEND] m o r i (|-} # ..|¥@%E |||

4M 16767 17966% () i (|-) # ..|¥@&H ||| )

#M 13876 17993% [$kF) ch § o o sh i (|-} # ..|%W&EH |||
#M 14705 18028% [fii] k a ng (|-} # ..|%@&H|]|]]

#M 13897 18041% [#E) zh j o o (|-} # ..|HE#|]]]

#M 18010 18245% [fX] s a i {]-) # BEE: iﬁ-—fﬁljéi

#M 10792 18618% [HE] ts u # 1‘<171ﬂ TR |

#M 14440 19542% [JK] sh i {l—) # .| IEER ]4‘

#M 13897 19586% [®#] zh 3 o o {|-} # ..}ﬁé?s:&’ﬁ-“illl

#M 13118 19629% [E] s e e (|-} # .. |#EF|||]

#M 15487 19971% [i5%) o s am a # .. |KEhE | LB T |8 |

#M 17055 20184% [ft) d a i (|-} # --I%Eﬂﬂﬁ"_lw
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### Thomonyms combined with doubles

#M 11476 #H 11475 14081% [#:b) k awa (/FT}JFJI AT | R |
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#M 13865 15897% [BZ] k a w a (|-} # ..|¥%@%H|]]]
### homonyms combined with doubles that are also split off as composite N-grams

#M 10323 #H 12753 20404% [&] k l # | ATl | Eiibmg s
#M 10323 #V1000 12753% [&] k i Wiﬂﬂ[ﬂirxﬁlmf.'rll

### homonyms that are also split off as composite N-grams

#M 10581 #V1000 10343% [#) n o # . [/I\I)Jﬂjlﬂ&")};’&ﬁ'ﬁfH

#M 10847 #v1000 10524% [H] k a {|-} # fLrL;r,(]JJJ

#M 11735 #V1000 10624% [EX] k a e {|-) = |—£ﬁ|;§§m|
#M 10792 #V1000 10671% [#)] ts u # ..|4 imﬂ 7|

#M 10502 #v1000 10678% [#1] s e ng (|-} # . ﬁ‘FﬂT’HII
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#M 18836 #V1000 10887% [L D] m o (n o|ng) {1-) # .. |¥magE ]|
#M 10984 #v1000 10933% [[] k a i (|-} # ..|HEREHE

#M 11735 #V1000 11151% [HR] k a e (|-} # .. | KB | —B| &R |
#M 11012 #V1000 11202% [A547] ts u k e (|-} # .. |AK$)F | —B |55 |
#M 10816 #V1000 13546% [HIl] t o r e (|-} # .. | &G | B |55 |
#M 10984 #v1000 13676% [#] g a 1 (|-} # ..|#R&|]]

#M 10611 #V1000 14411% [X) s e k 1 (|-} # ..|¥d@%5 LJ]||

#M 11683 #V1000 14662% [%11] o k u r e (|-} # ..| KB |—B 5B |
#M 10346 #v1000 15066% [M] k a t a (|-} # ..|¥il&E]|]|]]

#M 10144 #V1000 15202% [4§) k § o o {|-} # ..|¥d@&F||]]

#M 10641 #v1000 15970% [JH]) sh 3 u u {|-} # ..[#HEF||]||

#M 11167 #v1000 16367% [J] ts u k i (|-} # ..Hﬁ)s“eﬂli%l

#M 10705 #V1000 16588% [I%] zh i b u ng (|-) # ..[E@%H]|]|]]
#M 10222 #V1000 17617% (=] k o t o {|-} # ..|¥@%q I

#M 10295 #V1000 17985% [KIJ] k a k e (|-} # ..|XBF —FXH§%$$II
#M 17382 #v1000 19748% [iD] t oma r i (|-} # .. | @& |]]]|
#M 14085 #V1000 19788% [HE] a k i (|-} # ..|¥Ed@%F||]||

BRI S I I L R R R R S A B B R B S
### CONCATENATIONS

#R 11823 11823 #/ 13626% [£9% 9] s oo s o o {|-) : |F‘H’iﬂl“

#R 14506 10498 #/ 14295% [ZIHAXA—L] haaeet o (|- } # llﬂlﬁx;ﬁ[]ll
#R 10663 14947 #/ 14671% [Lx D] zh janoo {|-)} # ]F‘EJ xﬂllil

#R 14555 10054 #/ 14866% [TlidHD—] dewaan oo (|-} | Rl | | ] |
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#R
#R
#R
#R
#R
#R
#R
#R
#R
#R
#R
¥R
#R
#R
#R
#R
#R
#R
#R
#R
#R
#R
#R
#R
#R
#R
#R
#R
¥R
#R
#R
#R
#R
#R
#R
#R
#R
#R
¥R
#R

it

10017
10498
10017
10263
10017
11358
13227
10017
12359
11823
10017
10934
12870
10017
10017
10263
10498
10498
10005
11819
10054
12518
10017
12518
10017
10054
10498
10005
10663
10017
10263
10498
12633
12870
10498
10934
10644
13806
10017
10005

10005
10950
10263
12359
11358
10054
11358
10663
10054
11823
12633
10005
10054
19059
10005
10498
10263
19059
12870
10644
10663
10644
10644
10054
10017
10017
10017
12518
10054
19059
10017
10112
10663
10498
11358
10644
10054
10054
10644
10054

#/ 14874% [A—H] e e a { EIRNRE!
-y F RS

-
#/ 14976% [R—>¢®)l eeqgt o] a 1
10054 #/ 15163% [Z—Z ) TTRHD] e e s o ode suneano J o R
#/ 15194% [€9)T¥RAA—-¢]l soodesunengto {I— |%1&Q}|||
#/ 15321% [R—Hro&]l eech joaqgto (|-} # ..|MK JHIL
#/ 15322% [Lxo&HD—) chjogtoanoo {]—) o ] ]
#/ 15324% (Z->&Tdh—biob]l egtodesunee ch joqto (|-} # ..|WM&H|]]
#/ 15343% [R—L*d] e e zh j aa {|-) # ..|B&EH|]]| ‘
#/ 16337% [/uw&%m ngt oano {|-) # IFaﬁjf’iEﬂlHl
11823 #/ 16352% [€9%9%9)) s oos oo s oo (|-} o RIEE ]
#/ 17015% [ dH— é:] eaato {|-y # .. |HEEE]|]]]
#/ 18055% () —AD] uunga (|-} # ..Iﬁaﬁ%{ﬁﬁ:‘JJ |
#/ 18441% [THD—] d e an oo ([~} # ..[[HE#GE]]]]
#/ 19608% [X_ ENL+dH] eesoreczhiaa (|-} # ..|H&EH||]
10498 #/ 19611% [Kodf)oi“&] eqageeto {|-} 3 |FEEJ¥‘”J1|||L
#/ 19681% (€9 TThi-E] soodesuneeeto {|-) # e RN
10498 #/ 19688% [XAo¢l—%I)TTHRAobk—]l egtoosoodesuneeqtoo {|—) # |l’.5]¥x,ﬂ[|||
12359 #/ 19690% [A—&ZNLs¢d—-)AL]l eetosorezhjaaaungto(|-) # ]l i;ﬁ]”]
#/ 19694% [H->T] a g de (|-} # ..|M&:H| H
#/ 19699% [B—F—) oomaa (|-} # ..|W¥&3]]]|
#/ 19710% [(HD—L*H) anoozhjaa (|-} # }Pﬂx;ﬂllll
#/ 19711% [¥D—F—] s onoomaa {|-} *# [Fu xﬂ[HL
10017 #/ 19719% [A—¥HAXA—)l eemaacee {|- ) # .. |G| ] ]
#/ 19740% [ZD—HD—] sonooanoo (|-} IF%X;JHH
#/ 19757% [R2ZX—) eqee {|-) # ..|Féﬂ?’“§ﬂ|1||
11819 #/ 19765% [HDX—B] anoee o {|-) # ..|KH&E]]|]]
#/ 19773% (R &— 7<_ l]etooee {|-} # ..|Fnﬂ};“<§ﬂ||||
#/ 19780% [HED—] a s on oo {|-) # ..|M&H]|]|]|
10498 #/ 19812% [l:;va‘f)%@—i—&] zh jaaanooeeto (|-} # .. |M&EHII
10054 #/ 19813% [X—FNL*dHD] eesorezhjaano (|-} # | RIS ]|
10644 #/ 19854% [T)TYdhi—3dH) soodesuneeemaa {|-) # .| |
10054 #/ 19900% [R—&bLl—HD—) eet omoshiianoo (|-} # .. ||| ||
#/ 19902% [(bot—Ledb]l agtoozhijaa (]2} | BBE ]
#/ 19932% (TX—&)] deeeto {|-} # |F'§H;Z§ﬂ[|[[
10054 #/ 19939% [A—¢tbHiotdHD—] eet ochjogtoanoo {|-) # ..|[H&HE|
#/ 19954% [A—3FH] ngmaa {|-} # ]FEEJ}’XLEE?JLH]]
#/ 19979% [FHHD] ma aano {|-} # o B ]
#/ 19980% [(HDOTFTNRHD) anodesuneano (|-} # ..|H&HE||]
#/19994% [A—F] e ema {]-) # - TG || |
#/ 20155% [d— &)0) aaamno {|-} # ..[H&H|]]]

concatenations combined with doubles



#H
#R
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14878 #R 10663 10054 #/ 19808% [L*dHHD] zh j a a an o {1—_}

10663 10054 #/ 14878% [L*—HD) zh j a a an o {|-}

# oL TG ] ]

e | ]|

### ERRORS

### errors that require an entry to be replaced

#x 10112% [H L] m o sh i {[-} # .. |&F|]]]|

#Y 10112% [H L) m o sh i ([i} (|-} # ..|&0&E]|]|]

#X 10190% [TV]) t e i # ]IJJJI)J,J[~ JEE'??I o

HY 10190% (TWI te (i]0]-)) # .. |Bhlyadl | Bt |30 |

#X 10345% [HAA) n i (h olg p} ng zh i ng {|-} # ..|%@&H]]]|

#Y 10345% [BAA) n i (h|q p} o ng zh i ng (|-} # ..|%@%dH]|]|]||

#X 10416% [TAT] t e {|-} i # UMJJ,J Birxfy;.%ﬁﬂe%_u_

BY 10416% [TIF) t e (|-} (i} # .. |D0IWGd | B |56 |

#X 10503% (M) e ng {]-) # H%J%qu [

#Y 10503% (M) (|3) e ng (|-) # ..|HREE||]

#x 10568% [THH] zh juunananichi (|-} # ..|HE||]

#Y 10568% [TEH] zh j uunana {(n i|ng} ch i {1-y # ..|B&|]]]
#x 11002% [ h 3 o o b a ng {]|-} BT | ]|

#Yy 11002% [FFH]] h 5 o o b a ng {]|-} TR

#X 11044% [»7T) {q]-} t e {|-} EARIE ]

#Y 11044% (2TC] {q|-) t e {|-} R ||

#X 11451% [Z+JLHBl ni zh j uukunichi (|-} # ..|B&||]]

#Y 11451% [~FTJLH]I n i zh j uu ku {n ijng} ch i (|-} # ..[HE|]|]|]
#x 11485% [Z1T/\Hl ni zh juuhachinichi {|[-} IEHhH
#Y 11485% [ZFT/AHl nizh juuhachi{ni|ng) ch i {|- JHEE ]
#X 11504% [ZFRNHl nizh juurokunichi (|-} # ..|HE]|]
#Y 11504% [~1tAXH]l nizh juurokuinilng) chi {|-) # ..|HE||]]
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(ZTZHlnizhjuunindichi (|-} # ..|HE||]]
(ZT+ZHl nizhjuundi {(ni|ng) ch i (=Y # JHE]]
[§§+‘E] sang zh Juunichi {[-} # ..[HE]||]]

[=Z=TH] s ang zh j uu (n ilng} ch i (|-} # ..|HE]|]]|
ﬁ;‘k—‘ﬂ] sang zh juuichinichi (|-} # ..|H&E]]
[=Z=1+—H] s angzhjuuichdi(n ijng} ch i (|-} # ..
[TZEZH)] zh Juugonichi (|-} # o HEE

[THH] zh J uugo (nilng ch i (|-} # ..|HE|]]]
DAZ) b 3 oo ki (|-} # ..|VE%EH]|]]]

[(JH%) b J ook i (|-} # .. |%J%5H]|]|]]

(7] nare (|-} # ..M@b%ﬂ“&ﬁ%ﬁﬂl } )
(Wb%N) nimonarxre (|-} # ..|HihihE) | —B | 3EE] |
Hm5?] m o {nglo} sh i ng {|-} # |+f23%§ﬂ|||]

(%] m o (nglo} sh i ng (|-} # . |%§ﬁl%ﬁﬂ|||l

[ML75) sh j o h oo (|-} # ..|VEXH||]]

[L77] sh 3 o h o o {|-} # ..[¥@B&%F]|]|]]

[ﬁﬁ%ﬁ] tsuuwa {|-} # ..|%§ﬁ¥g3ﬂ11|l

[HF) ts uuwa (|-} # .. |VEEW||]||

(&1 kahi (|-) # . |VERF|]|]]

(&) k ah i (|-} # .. |H&ERZFA]|]]]

[—t—M] nizhjuuichizhi (|-} # ..IEIH%'-IIU
[Z+—F) nizhiju(ul) ichizhi (- # ..|HIE|]]]
[ZFTEH) nizhjuu{|-}nananichi (|-} # ..|HE]|]
[—+tH] nizh 5 u {|[-Ynana {ni|ng} ch i {|-} # ..

[H“)lﬁi{%]niqkoojoku{l—} # .| UEAE ]|
[FX#EI nigkoodoku {|-1 # ..[%%ﬁl%%ﬂ]lll
EZ20 L) ung d ame sh i (|-) # | 4450 | || |
LDEZ¥ L] ungdame sh i {]-y # ]%gﬂ]i§ﬂ||||
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#X 17799%
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=
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#X 17989%
#Y 17989%

#X 18205%
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e
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#X 18306%
#Y 18306%
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#Y 18493%
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#Y 18650%
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#X 18806% [&B) t (e (|-}]|) o | W ER | B 5]3%??;’1%]]

#Y 18806% [TH] t (e (|-}]} o | DhENE | B T | REE |

#X 18836% [DA] mo (n ofjng} (|-} # ..[M@&5]|]]]

#Yy 18836% [LD] m o {n olng} (|-} # | Hamaagi | | |

#X 18839% [#] t o |/FIJJJ! BT | |

#Y 18839% [IN] t o | ARTE | DR T | R

#X 18988% [\W] r u (|-} # ..|iERE|FFkT |#1k]|

#Y 18988% [D) r u (|-} # ..|FERE|[4F5T |1

#X 19125% [FDFATF] s onomanma {]-1y # .{5”%@]]]]~

#vY 19125% [#DFAFT) s onoma (|ng) ma (|— # RG] ]

#X 19447% [€A] s on o (|-} # .. |8 ]]]]

#Y 19447% [£D] s on o (|-} # ..[ME@&#E||]]

#X 19479% [L L)) $EA] shijoogaarimaseng{[-) |7I<T)Jﬂ Hﬂ] LI
#Y 19479% [L&I2H D FTHA)] sh (i]) oo0gaarimaseng ([—} K NIRRT
#x 19772% [lllk] s e e hu k u (|~} # ..|VEHF]||]]

#v 19772% [#lllR] s e e h u k u (|-} # ..|%&@RF]]]]

#X 19894% [ ¥ —F¥aF ] ingtaanashjonaru (|-} # ../ TEEH||]]

#Y 19894% [1 % —F Y3+ N) ingtaanashijonar u {|-y # .. |BEEF|]]]

#X 19956% [B2X) o o k i # .. |EEW|LEH|ER||

#Y 19956% [K&) o o k i ¢ ..|BEH|EAER |55

#X 20220% [To7%) degka # | T4 | TEZs i | 3wk | |

#y 20220% [ToA] d e {q|) k a # ..|JBH|BaH|EH| |

### errors in concatenated morphemes

#X #R 10005 19059 10017 #/ 19803% [H->ZNTHHA -]l agsoredehaee (|-} GEcETIREN
#Y #R 10005 19059 10017 #/ 19803% (H-oZNTHHRX -] agsoredewacee (|-) IPme1]]|

### errors that can be solved by deleting the entry

#X2 10190 10022% (T] t e {|-} IWJI}JEU[~LXIEE$?]|
#X2 16871 12909% [HH) ar a ([_ S]]
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#X2 10836 14735% [bHRXl mo r a e {[-} lﬂiﬂjﬂ))nnl — B | REER | |
#X2 18414 14839% [¥Zb] s ok or a {1—} # |.1.!,J|||| =
#X2 11309 16800% [%L%L]moshimoshlu VAR
#X2 10498 17205% [RA—&] e e t o (|-} # .[E’Zlﬁuﬂllll

#X2 10416 18513% [T] t e # ﬂ))@)%ﬂ[ﬂ&ﬁ]%{%’ﬁ‘

#x2 10112 19603% [bL—) m o sh i i {] H& E ]

#X2 16295 19665% [¥%) j a j a (|-} IF‘]?‘ [

#X2 #S 12806 16376% [<1 k u {|-} # ..|RW¥5]|]]]

HHH SRR R R R SRR R R R R R R R R R R R R R R
### REPARANDA '

(not listed)

B HR AR AR R R R R R R
### END OF FILE





