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Abstract 
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This document presents a tentative set of Communicative Acts (CAs) which has been used to label 
spontaneous dialogues in both English and Japanese. A Communicative Act is a communicative goal 

or aim which (according to native judgments) can be expressed in language L by a distinctive set of 

conventional cue patterns in specified discourse contexts. Communicative Acts are thus similar to 
speech acts, and similar to the pragmatic categories often called IFTs (illocutionary force types) at 
ATR. However, we restrict our attention to communicative goals which can be explicitly expressed 

via conventional surface cue patterns, thus excluding goals which are expressed using one-time-only 
combinations, goals which are expressed only implicitly, or goals which can only be defined in terms 
of relations between utterances. We describe methods of discovering and revising CAs which depend 
on native judgments concerning essential equivalence of meanings and functions of cue patterns in 
context. While these judgments are subjective, they concern shared conventions regarding objectively 
observable objects -the cue patterns and contexts. Thus a consensus can be expected to emerge 
during repeated revision. In this important respect, the methodology is data-driven or corpus-based. 

The present study also emphasizes comparison of CAs in English and Japanese. We find that most 
of our proposed CAs are valid for both English and Japanese: only two out of 27 CAs seem to be 
monolingual for our corpus. We begin by introducing CAs and briefly describing the background, 
goals, and status of our research. In later sections, we discuss our methodology in greater depth; we 
list our current Communicative Acts, with descriptive glosses, representative sets of surface patterns, 
examples, and other information; we present two labeled dialogues in English and two in Japanese; 
and finally, we provide an Appendix describing work in progress. 
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Abstract 

In the processing of spontaneous language, information concerning discourse-level co-occurrences 
of words or morphemes -relatively long-term predictions on the scale of several utterances -
can reduce perplexity in speech recognition, aid disambiguation (by providing a measure of re-
latedness among elements which can help to score competing analyses), and help determine the 
boundaries of long-term topics in a discourse (by providing a coherence metric whose minima 
indicate topic transitions). However, flexible facilites for collecting, accessing, and viewing such 
co-occurrence information have been lacking. Further, because suitable corpora are scarce, sparse 
data is a serious problem, and smoothing is necessary. Semantic smoothing, in which one tracks 
co-occurrences of semantic tokens associated with words/morphs rather than co-occurrences of 
the words/morphs themselves, is a promising technique. This report describes a new set of fa— 
cilities for tracking co-occurrences among morphs and/or their associated thesaurus codes and 
demonstrates the usability of the information obtained, stressing the problems and benefits of 
semantic smoothing. The benefits appear especially in the toolset's ability to retrieve reasonable 
semantically-mediated associations for morphs not in the original corpus (morphologically-tagged 
transcripts of 16 spontaneous Japanese dialogues concerning direction-finding and hotel arrange-
men ts). The tools support the use of various measures of association strength among morphs and 
their semantic labels, including standard calculations of conditional probability and mutual infor-
mation (with optional use of standard statistical smoothing techniques). Very modest linguistic 
work would enable use of alternative thesauri or transcription formats. Potential uses for the 
new facilities are discussed in conclusion. Finally, a user's guide to CO-OC facilities and usage is 
provided. 



1 Introduction 

In the processing of spontaneous language, the need for predictions at the morphological or lexical 
level is clear. For bottom-up parsing based on phones or syllables, the number of lexical candi-
dates is explosive. It is crucial to predict which morphological or lexical items are likely so that 
candidates can be weighted appropriately. 

N-grams provide such predictions only at very short ranges. To support bottom-up parsing of 
noisy material containing gaps and fragments, longer-rang predictions are needed as well. Such 
predictions should have the advantage of being stronger than very short-range predictions, since 
predicting what will come "soon" is in general easier than predicting what will come next; and 
they should require less data, since examples of occurrence "soon" will be found more often in a 
corpus than examples of consecutive occurrence. 

While stochastic grammars (Black 1993] can provide somewhat longer-range predictions than n-
grams, they predict only within utterances, while our interest extends to predictions on the scale 
of several utterances. For help in predicting on this discourse scale, we might think of discourse-
oriented mechanisms such as centering and global focusing models (Grosz 1986] (Walker 1992]; 
but in fact these are not designed to predict the lexical items that will be seen a bit later in the 
dialogue. Rather, as models of memory and attention, aiming primarily to clarify problems of 
reference, they provide records of the items which have already been seen and indications of their 
respective salience, but do not tell us what related items we should predict. 

Church (Church 1990] has proposed an investigation of associations beyond the n-gram range 
which is closer to our present purpose; but the associations remained relatively short-range (on 
the order of 5 words). 

The present proposal, then, is to permit the flexible definition of windows in a transcribed corpus 
within which co-occurrences of morphological or lexical elements can be examined. We describe 
CO-OC, a set of facilites for collecting, accessing, and viewing such co-occurrence information. 
Because suitable corpora are scarce and sparse data is a serious problem, smoothing is neces-
sary. And so, in addition to standard statistical smoothing procedures, we propose techniques 
for semantic smoothing, in、vhichone tracks co-occurrences of semantic tokens associated with 
words/morphs rather than co-occurrences of the words/morphs themselves. Their benefits appear 
especially in the possibility of retrieving reasonable semantically-mediated associations for morphs 
not in an original corpus. The tools we will describe support the use of various measures of as-
sociation strength among morphs and their semantic labels, including standard calculations of 
conditional probability and mutual information (with optional use of standard statistical smooth-
ing techniques). Potential uses for the new facilities are discussed in conclusion. 

2 Segments and Windows 

We first permit the investigator to define minimal segments within the corpus: these may be ut-
terances, sections bounded by pauses or significant morphemes such as conjunctions, hesitations, 
postpositions, etc. Windows composed of several successive minimal segments can then be recog-
nized: let Si be the current segment and N be the number of additional segments in the window 
as it extends to the right. N = 2 would, for instance, give a window three segments long with Si 
as its first segment. Then if a given word or morpheme Ml occurs (at least once) in the initial 
segment, Si, we attempt to predict the other words or morphemes which will co-occur (at least 
once) anywhere in the window. 

Specifically, a conditional probability Q can be defined as follows: 
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Q(M1, M2) = P(M2 element of Si U Si+1 U Si+2 ... Si+n I Mi element of Si) 

Mi, M2 = morphemes 
S1, S2 ... = segments 
n = width of口indowin segments 

Q is the conditional probability that M2 is an element of the union of segment Si, Si+l, Si+2, 
and so on up to Si+n, given that Ml is an element of Si. 

Ifn = 0, the window is a single segment. In this case, Q indicates the probability that M2 co-occurs 
in segment Si, given that Ml occurs there. If n is greater than or equal to 1, Q is the probability 
that M2 will be found in any of the window's several segments. (Thus, while Q usually predicts 
M2 later in a window, M2 may sometimes precede Ml if it occurs in window-initial segment Si.) 

Both the segment definition and the the number of segments in a window can be adjusted to vary 
the range over which co-occurrence predictions are attempted. Very long-range predictions will 
be strong but not informative; very short-range predictions (such as those given by consecutive 

n-grams) will be weak, but a great deal of information is provided if they come true. For maximum 

usefulness to speech recognition and analysis, we will hope to optimize through experimentation 
the combination of prediction strength and informativeness. 

3 Corpus and Early Experiments 

For initial experiments, we used a morphologically-tagged corpus of 16 spontaneous Japanese 

dialogues concerning direction-finding and hotel arrangments [Loken-Kim 1993). We collected 
common-noun/common-noun, common-noun/verb, verb/common-noun, and verb/verb conditional 
probabilities in a three-segment window (n = 2). Conditional probability Q is computed among 
all morph pairs for these classes and stored to a database; pairs scoring below a threshold (0.1 for 

the initial experiments) were discarded. We also compute and store the mutual information for 
each morph pair, using the standard definition as [Fano 1961). 

Fast queries of the database are then enabled. A central function is GET-MORPH-WINDOW-

MATES, which provides all the window mates for a specified morph which belong to a specified 

class and have scores above a specified threshold for the specified co-occurrence measure (condi-
tional probability or mutual information). 

The intent is to use such queries in real time to support bottom-up, island-driven speech recognition 

and analysis. To support the establishment of island centers for such parsing, we also collect 
information on each corpus morph in isolation: its hit count and the segments it appears in, its 
unigram probability and probability of appearance in a segment, its probability of appearance in 

any given segment, etc. Once island hypotheses have been established based on this foundation, 
co-occurrence predictions will come into play for island extension. Global information concerning 
morphs is also recorded, showing that our present 16-dialogue corpus, in which a minimal segment 
has been defined as a single utterance, contains 1743 segments; is 19250 morphs long; has 949 
different morphs; and has a morph unigram entropy of 6.8982. 

冒

4 Semantic Smoothing 

It was suggested that sparse data should be somewhat less problematic for long-range than for 

short-range predictions. Still, there is never quite enough data; so abstraction, or smoothing, of 

the data will remain desirable. As a statistical smoothing measure, we presently use the standard 
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1+ technique (adding one to each event count) [Nadas 1985] for both conditional probability and 
mutual information. 

In addition, however, we enable semantic smoothing in an innovative way. Thesaurus categories 
-cats for short -are sought for each corpus morph (and stored in a corpus-specific customized 
thesaurus for fast access). The common-noun eki (station), for instance, has among others the 
cat label "725a" (representing a semantic class of posts-or-stations) in the standard Kadokawa 
Japanese thesaurus [Ohno 1981]. (We also experimented with a different thesaurus customized 
for ATR use. It initially appeared helpful in providing syntactic information in entries, thus 
minimizing access ambiguity; but as its general-purpose coverage was less extensive it proved 
unsuitable for our current experiments. It is significant, however, that CO-OC can accommodate 
a new thesaurus format with about a day's labor.) 

Equipped with such information, we can study the co-occurrence within windows of cats as well 
as morphs. For example, using n = 2, GET-CAT-WINDOW-MATES finds 36 cats co-occurring 
with "725a", one of the cats associated with eki (station), with a conditional probability Q greater 
than 0.10, including "459a" (sewa, taking-care-of or looking-after), "216a" (henkou, transfer), and 
"315b" (ori, getting-off). Since we have prepared an indexed reverse thesaurus for our corpus, 
we can quickly find the corpus morphs which have these cat labels, respectively miru, "look", 
mieru, "can see, visible"; magar・u, "turn"; and oriru, "get off". The resulting morphs are related 
to the input morph eki via semantic rather than morph-specific co-occurrence. They thus form a 
broader, smoothed group. 

This semantic smoothing procedure -morph to related cats, cats to co-occurring category window-
mates, cats to related morphs -has been encapsulated in the function GET-MORPH-WINDOW-
MATES-VIA-CATS. It permits filtering, so that morphs are output only if they belong to a desired 
morphological class and are mediated by cats whose co-occurrence likelihood is above a specified 
threshold. 

Thesaurus categories are normally arranged in a type hierarchy. In the Kadokawa thesaurus, there 
are four levels of specificity: "725a" (posts-or-stations), mentioned above, belongs to a more general 
category "725" (stations-and-harbors), which in turn belongs to "72" (institutions), which belongs 
to "7" (society). Accordlingly, we need not restrict co-occurrence investigation to cats at the level 
given by the thesaurus. Instead, knowing that "725a" occurred in a segment Si, we can infer that 
all of its ancestor cats occurred there as well; and can seek and record semantic co-occurrences 
at every level of specificity. This has been done; and GET-MORPH-WINDOW-MATES-VIA-
CATS has a parameter permitting specification of the desired level of semantic smoothing. The 
more abstract the level of smoothing, the broader the resulting group of semantically-mediated 
morpheme co-occurrences. 

The most desirable level for semantic smoothing is a matter for future experimentation. However, 
we can anticipate a general preference for the most specific predictions available: we would resort 
to semantic smoothing only when no morph-specific co-occurrences could be predicted at a certain 
threshold, and would resort to more abstract semantic smoothing only when more specific smooth-
ing failed. Thus we provide a function GET-MORPH-WINDOW-MATES-1¥IOST-SPECIFIC with 
this behavior. Its value for robustness appears especially in cases when the input is a morph which 
did not occur in the training corpus. Without semantic-smoothing-in-case-of-need, the attempt 
to make co-occurrence predictions would certainly fail; but with this possibility, reasonable pre-
dictions can often be made. An entry for the new morph is sought dynamically in the relevant 
thesaurus; any cats thus found are checked for likely co-occurring cats; and morphs associated with 
these cats in the training corpus can be delivered as output. For instance, kuruma, "car, auto", 
does not appear in our corpus. However, the Kadokawa thesaurus does list this morph with codes 
"997" (vehicles) and "985" (wheels), yielding a wide range of associated verbs from our corpus, 
including ik-u, "go", tuku, "arrive", and 44 others; and of common-nouns, including shibasu, "city 
bus", ikikata "way to go, means of transportation", and 52 others. For each morph retrieved in 
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this way, the conditional probability of the mediating cat co-occurrence can be recovered. 

5 Knowledge Resources 

The data resources we have described can be viewed as a knowledge base containing both type and 
non-type relations. Type relations appear in the grouping of morphs according to their morpho— 

logical classes (in our present investigation, common-nouns and verbs), and in the arrangement of 
cats in a subtree of the original thesaurus hierarchy. Non-type relations include the many-to-many 
links among morphs and cats and the co-occurrence relations between morphs and between cats. 
The co-occurrence relations, in particular, form a network whose uses will be discussed below. 

The production of the knowledge base is automatic except for a very modest amount of linguistic 
work to be described just below. 

To facilitate viewing of these various objects and relationships, we have provided facilities for 
downloading the information into a commercially-available object-oriented expert system shell, 
KEE(TM), chosen for its interface-building capabilities. The abovementioned type relations are 
apparent, with morphs and cats appearing as browsexable objects whose slots can be examined 
for statistical information or non-type relational information. Simple improvements would allow 
representation of non-type relations as labeled lines. Co-occurrence relations could easily be 
depicted as lines whose length represented the conditional probability, so that mutually-predicting 
items would visibly cluster. 

6 Resolving Morphs.to.cats Mapping Problems 

During thesaurus look-up for semantic smoothing, problems of failure or ambiguity sometimes 
occurred. 

Often failures could be corrected by regularizing morphs to dictionary forms. Our verb morphs, 
for instance, appeared in transcripts as stems (e.g. ka) and required conversion to dictionary forms 
like kaku, "write". Since our corpus contained only 114 verbs, a handmade mapping file meeting 
this need could be quickly prepared; in a larger corpus, more spohisticated morphological process-
ing might be warranted. After regularization there were five remaining verb failures, reflecting 
differences in analysis of derived forms between the transcriber and the thesaurus format, giving a 
verb coverage of almost 96 percent. Similarly, a number of common-noun failures stemmed from 
the inclusion of compounds in the transcript; handmade mappings to head nouns and other similar 
adjustments gave a final coverage of better than 92 percent of common-nouns. It is important that 
this mapping, made with the help of a native Japanese speaker in less than a person-day, wa.5 the 
only linguistic work necessary to permit the otherwise automatic compilation of the knowledge 
resources described throughout. 

In addition to thesaurus lookup failures lookup ambiguity of two types occurred. First, certain 
nouns transcribed using Japanese syllaじlescript (hiragana) rather than kanji characters corre-
sponded to multiple thesaurus entries. Such ambiguity, like lookup failures, could often be cor-
rected using handmade mappings, in this case specifying a kanji character with a unique entry. 
After mapping correction, only common-nouns with multiple entries remained in our corpus. Sec-
ond, morph-to-cat ambiguity routinely occured because each entry normally yields several cat 
codes, usually representing different senses of a given morph. In the future, customization of the 
thesaurus might be tried as a remedy, but for now we simply tolerate a resulting degradation of 
accuracy in our predictions of cat (and cat-mediated morph) co-occurrences. 
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Evaluation 

vVe are presently reporting the implementation of facilities intended to enable many experiments 

concerning morphological and morpho-semantic co-occurrence; the experiments themselves remain 

for the future. Nevertheless, some indication of the usablility of the data is in order. 

Tools have been provided for comparing two corpora with respect to any of the fields in the records 

relating to morphs, morph co-occurrences, cats, or cat co-occurrences. Using these, we treated 

15 of our dialogues as a training corpus, and the one remaining dialogue as a test corpus. We 

compared the two corpora in terms of unigram probabilities for morphs, and in terms of conditional 

probabilities for morph co-occurrences. (In both cases, statistically unsmoothed scores were used 

for simplicity of interpretation.) (As already mentioned, for the studies described here we used 
utterances as minimal segments and sought co-occurrences in windows of three minimal segments 

(n = 2). Recall too that co-occurrences were sought for all combinations of common-nouns and 
verbs.) 

Considering all morphological classes, we found 898 different morphs in the training corpus and 

365 in the test. 314 morphs were found in both corpora; so our training corpus of 15 dialogues 
covered 314 out of 365 morphs in the test dialogue, or about 86 percent. Table 1 compares the 

corpora for 25 shared common-nouns, and Table 2 compares 25 shared verbs. Morphs are listed 

in order of least difference between corpora. 

Table 1: Training and test corpora compared: 25 shared common-nouns 

あと ato
近辺 kinpen
とこ toko
自宅 jitaku
後 ato
何か nanika
出口 deguchi
市パス shibasu
方面 houmen
画面 gamen
辺atari
あたり atari
今回 konkai
行 i
パス basu
左手 hidarite
建物 tatemono
上 ue
夕方 yuugata
フロント furonto
斜め naname
位枇 ichi
下 shita
形 katachi
TT  

4.0E-4 

4.0E-4 
4.0E-4 

4.0E-4 

4.0E-4 
4.0E-4 

0.0024 

7.0E-4 

5.0E-4 

3.0E-4 

3.0E-4 

3.0E-4 

3.0E-4 

0.0023 0 
0.0018 

0.001 

0.001 
2.0E-4 

2.0E-4 
2.0E-4 

2.0E-4 

2.0E-4 
2.0E-4 

2.0E-4 

2.0E-4 

4.0E-4 

4.0E-4 
4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

0.0025 

8.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

.0025 

0.0016 

0.0012 

8.0E-4 

4.0E-4 

4.0E-4 
4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

0.0 

0.0 
0.0 

0.0 

0.0 
0.0 

1.0E-4 

1.0E-4 

l.OE-4 

l.OE-4 

1.0E-4 

l.OE-4 

l.OE-4 

2.0E-4 
2.0E-4 

2.0E-4 

2.0E-4 
2.0E-4 

2.0E-4 
2.0E-4 

2.0E-4 

2.0E-4 
2.0E-4 

2.0E-4 

2.0E-4 

1

1

9

1

6

6

 

7

7

6

6

6

6

4

1

8

5

5

5

5

3

3

1

1

4

4

4

4

3

3

3

3

 

1

1

1

1

1

1

6

2

1

1

1

1

1

6

4

3

2

1

1

1

1

1

1

1

1

 

7

3

5

5

9

8

 

8

8

7

7

7

7

4

1

9

6

6

6

6

4

3

1

1

5

5

5

5

4

4

4

4

 

As to morph co-occurrences, we found 5162 co-occurrence pairs above a conditional probability 
threshold of 0.10 in the training corpus and 1552 in the test. Since 509 pairs occurred in both 

corpora, the training corpus covered 509 out of 1552, or 33 percent, of the test corpus. That is, 

one third of the morph co-occurrences with conditional probabilities above 0.10 in the test corpus 
were anticipated by the training corpus. 

5
 



Table 2: Training and test corpora compared: 25 shared verbs 

乗り継 noritsu
かま kama
あ a

歩 aru
しshi
降り ori
書 ka
教え oshie
離れ hanare
目立 meda
願 nega
言 i
取 to
行け ike
分れ wakare
か ka
打 u

違 chiga
変わ kawa
す SU

見 mi
描 ka
な na
戻 modo
思 omo

4.0E-4 

4.0E-4 

0.0026 

0.0017 

7.0E-4 

0.0014 

0.0014 

0.0014 

2.0E-4 

2.0E-4 

7.0E-4 

7.0E-4 

5.0E-4 

l.OE-4 

l.OE-4 

l.OE-4 

l.OE-4 

l.OE-4 

l.OE-4 

l.OE-4 

4.0E-4 

4.0E-4 

0.002 

7.0E-4 

0.0023 

4.0E-4 

4.0E-4 

0.0025 

0.0016 

8.0E-4 

0.0012 

0.0012 

0.0012 

4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

8.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

4.0E-4 

8.0E-4 

8.0E-4 

0.0025 

0.0012 

0.0029 

0.0 

0.0 

l.OE-4 

1.0E-4 

1.0E-4 

2.0E-4 

2.0E-4 

2.0E-4 

2.0E-4 

2.0E-4 

3.0E-4 

3.0E-4 

3.0E-4 

3.0E-4 

3.0E-4 

3.0E-4 

3.0E-4 

3.0E-4 

3.0E-4 

3.0E-4 

4.0E-4 

4.0E-4 

5.0E-4 

5.0E-4 

6.0E-4 

3

9

1

4

4

4

2

1

4

1

9

 

7

6

4

2

1

2

2

2

4

3

1

1

9

2

2

1

1

1

1

1

7

6

3

1

3

 

1

1

6

4

2

3

3

3

1

1

1

1

2

1

1

1

1

1

1

1

2

2

6

3

7

 

8
7
4
9
3
3
1
3
2
7
2
7
2
7
5
4
1
3
1
2
1
1
3
3
2
2
2
2
2
9
8
4
0
1
4
4
6
 

This coverage seems respectable, considering that the training corpus was small and that neither 
statistical nor semantic smoothing was used. More important than coverage, however, is the pres-

ence of numerous pairs for which good co-occurrence predictions were obtained. Such predictions 
differ from those made using n-grams in that they need not be chained, and thus need not cover 
the input to be useful: if consistently good co-occurrence predictions can be recognized, they can 

be exploited selectively. 

Table 3 shows pair comparisons for the 35 pairs which occured most often, taking the sum of 
counts in both corpora. Pairs are ordered by least difference between corpora, so that the best 

predictions appear first. 

Comparable figures were obtained for cats and cat co-occurrences. 

8
 

Discussion 

The primary purpose of the co-occurrence information under discussion is prediction at the mor-
phological or lexical level in the service of speech recognition. 

The conditional probabilities fetched from the database can be used in two different ways. They 
can be used to filter speech and analysis hypotheses which have already been made; or they can be 
used to dynamically weight or select the rules which are used for speech recognition and analysis, 
in order to dynamically influence the treatment of hypotheses. In this case, for instance, speech 

recognition does not need to evaluate every morpheme in the lexicon, but can concentrate on 
morphemes whose predicted probability passes a certain threshold. 
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Table 3: The 35 most frequent pairs over both corpora 

路 michi
乗り継 noritsu
目me
自宅jitaku
わかり wakari
画面 gamen
フロント furonto
フロント furonto
目立 meda
目立 meda
T 

T 

T 

T 

T 

T 

T 

変え kae
行け ike
コンコース

いくつ ikutsu
学会 gakkai
学会 gakkai
夜 yoru
待 ma
行i
名前 namae
教え oshie
方hou
出口 cleguchi
出口 cleguchi
よう you
出 de
出 de
左 hidari

C-NOUN 
VERB 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
VERB 
VERB 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
VERB 
VERB 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
VERB 
VERB 
C-NOUN 
VERB 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
VERB 
VERB 
C-NOUN 

,-,-, .. 
子 JI
電車 densha
前 mae
番号 bango
なna
地図 chizu
よう you
名前 namae
わか waka
建物 tatemono
見え mie
曲が maga
歩 aru
路 michi
左 hidari
字 ji
方 hou
地図 chizu
行 i
出口 deguchi
パス停 basutei
教え oshie
場所 basho
シングル

書 ka
出 de
よう you
方 hou
ござ goza
な na
電車 densha
フロント furonto
正面 shoumen
行 i
歩 aru

C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
VERB 
C-NOUN 
C-NOUN 
C-NOUN 
VERB 
C-NOUN 
VERB 
VERB 
VERB 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
VERB 
C-NOUN 
C-NOUN 
VERB 
C-NOUN 
C-NOUN 
VERB 
VERB 
C-NOUN 
C-NOUN 
VERB 
VERB 
C-NOUN 
C-NOUN 
C-NOUN 
C-NOUN 
VERB 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.2024 

0.1683 

0.2537 

0.3354 

0.198 

0.2 

0.2 

0.3333 

0.1749 

0.1749 

0.5 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 
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1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.202 

0.1688 

0.2532 

0.3361 

0.2 

0.202 

0.202 

0 .3361 

0.1688 

0.1688 

0.5063 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

〇.0

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.0E-4 

5.0E-4 

5.0E-4 

7.0E-4 
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0.002 

0.002 
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0.0061 

0.0061 

0.0063 
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3
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9
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Two secondary uses of co-occurrence information should also become possible: (1) to aid future 

studies of disambiguation; (2) to aid in the recognition of the boundaries of" discourse segment 

topics". 

Regarding disambiguation, several studies have proposed using closeness in semantic networks as a 

mechanism for resolving both lexical and structural ambiguity. (Closeness can be measured using 

the number of links, their strengths, or both.) 

Consider lexical ambiguity first. Suppose the English word bank has been found in the current 

utterance. If the words in recent history include money, transfer, deposit, etc., the meaning 

"saving and lending institution" will be preferred over the meaning "edge of river", because the 

first concept is closer to the concepts of the recent words. Now consider structural ambiguity. In 

I saw the man in the park with the telescope, should we attach with the telescope to saw, or man, 
or park? The first is preferred, because the paths between the concepts "telescope" and "see" are 

shorter than those between "telescope" and "man" or "park". It may well be possible to apply a 

netヽvorkof co-occurrence relations for disambiguation in this way. 
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Consider next the recognition of topic boundaries within a discourse, sometimes required in at-
tempts to resolve pronoun referents over relatively long distances. Several studies have suggested 
the use of cohesion metrics for this boundary recognition: given a definition of cohesion between 
adjacent windows of a discourse, it becomes possible to seeks places in a discourse where the 
cohesion is lowest. These are hypothesized as topic boundaries. Co-occurrence relations can pro-
vide such a cohesion metric, thus presenting an alternative to the boundary discovery methods 
suggested in e.g. [Morris 1991], [Hearst 1994], [Nomoto 1994], and [Kozima 1994]. 

9 Files and Programs 

This section provides an introduction to CO-OC files and structures. 

Processing begins with EMMI TRANSCRIPT files without suffixes, e.g. 

1a-AMWX 

The content appears邸 follows:

A: はい／国際会議事務局／で／す

80/11/100/30 

MW: [/あ／］／すいません／［／あの一／］／きょう／の／翻訳／（／電／）

／電話通信国際シンボジウム／の／会場／へ／行／き／た／い／ん／で／／けど

90/80/90/14/111/11/11/118/14/111/21/30/100/30/112/100/30/116 

9.1 Conversion of Transcripts to .MORPHS Format 

The first stage of corpus pre-processing is to convert transcript files into a one-morph-per-line 
format (similar to the format of the ATR Dialogue Database) for computational convenience and 
readability. 

The result is a .MORPHS file for each transcript file, e.g. 

1a-AMWX.morphs 

The transformed content looks like this: 

（はい感動詞）

（国際会議事務局固有名詞）

（で助動詞）

（す語尾）
(END-OF-TURN) 

（あ間投詞）

（すいません感動詞）

（あの一間投詞）

（きょう普通名詞）

（の格助詞）

（翻訳固有名詞）

（（電） NIL) 
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（電話通信国際シンポジウム固有名詞）

（の連体助詞）

（会場普通名詞）

（へ格助詞）

（行本動詞）

（き語尾）

（た助動詞）

（い語尾）

（ん準体助詞）

（で助動詞）

（す語尾）

（けど接続助詞）
(END-OF-TURN) 

During reformatting, the morphology number codes which ap-pear in the input can optionally be 

rewritten as Japanese or English symbols for readability.1 The global variable *pos-table* defines 

all correspondences. 

9.2 Corpus Segmentation 

The corpus, which may contain several .MORPHS files, is then segmented using a set of boundary 
markers (see further below), giving a file for the entire corpus like 

1a.8b.segrnents 

The simplest procedure is to break the corpus into turns, using only END-OF-TURN (supplied 
during the conversion to .morphs format) as a marker. However, if the transcript includes pauses, 
these can also be used, so that the segments are "pause units" rather than turns; or specified 

morphemes, e.g. conjunctions, hesita-tions, postpositions like wa, etc. could also be used. 

9.3 Corpus Analysis 

Once segmentation is complete, analysis can begin. The CO-OC universe contains MORPHS 
(morphemes) and their associated CATS (thesaurus categories). We want information about both. 
Information about morphs is kept in MORPHRECS (morph records), and information about cats 
is stored in CATRECS. 

We also want information about the co-occurrences of morphs and of cats. For this purpose, 
we maintain COOCRECS (co-occurrence records). There are MORPH-COOCRECS and CAT-
COOCRECS. 

We have mentioned four kinds of records: MORPHRECS, CATRECS, MORPH-COOCRECS, and 
CAT-COOCRECS. See the appropriate sections of Appendix 1 for definitions of these structures. 

In each case, ordered list structures have been used for maximum simplicity, avoiding the use of 
DEFSTRUCT, etc. 

Some Essential Files Each kind of record is stored in two kinds of files: an .INDEXED file 

for fast access, and a .SORTED file for ease of sorting, browsing, KEE conversion, etc. The 

1 English labels have been used for the preli血 naryexperiments described throughout this report. Time did not 
permit full testing of the programs with Japanese or numbered labeling. 
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.INDEXED file has a tree or discrimination-network structure, while the .SORTED file is a simple 
list. 

Tree format for morphrecs.indexed: 

((<pos> 
(<list of bare morphs>) 

(<morphrec><morphrec> ...)) 
(<pos> 

(<list of bare morphs>) 

(<morphrec><morphrec> ...)) 
(<pos> 

(<list of bare morphs>) 

(<morphrec><morphrec> ...)) 
...) 

The catrecs.indexed tree is a D-net structure composed of NODES. See the NODE-STRUCTURE 
definition in Appendix 1, section II.D. 

Morph-coocrecs.indexed and cat.coocrecs.indexed each have unique tree structures for fast access. 
See sample files for examples. (Note especially that the terminals of these trees are not complete 
coocrecs. Rather, when coocrecs are to be fetched, they are composed dynamically by combining 
items harvested during descent of the indexed tree with partial coocrecs at tree terminals.) 

Now we have eight files for a given corpus. The EMMI corpus begins with dialogue la and ends 
with Sb. We use the notation la.Sb to indicate an inclusive span of files. So for this corpus we 
will expect these eight output files (note the dot convention for filenames -and note that dashes 

are used instead within Lisp): 

1a.8b.morphrecs.indexed 

1a.8b.morphrecs.sorted 
1a.8b.catrecs.indexed 

1a.8b.catrecs.sorted 
1a.8b.morph.coocrecs.indexed 
1a.8b.morph.coocrecs.sorted 
1a.8b.cat.coocrecs.indexed 

1a.8b.cat.coocrecs.sorted 

These files contain information about individual MORPHRECS, CATRECS, etc. (See Appendix 
1 concerning the format of these records.) But we also want global information about all of 

the morphrecs in the corpus. For this purpose, we make a MORPHS.GLOBAL file, presently 
containing 

all-segments-count 

discourse-final-segments 
corpus-length-in-morphemes 
number-of-different-morphemes 
morph-unigram-entropy 

Intermapping Morphs and Cats Morphs and cats are intermapped. We need to be able to 

quickly find which cats belong to a morph or vice versa. So we maintain indexed files for a corpus, 
e.g. 
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1a.8b.morphs.to.cats 

1a.8b.cats.to.morphs 

The morphs.to.cats structure is identical to that of morphrecs.indexed, while that of cats.to.morphs 

is identical to the structure of catrecs.indexed. 

For linguistic work when tuning a thesaurus to a training corpus, we need to know which morphs 

failed to find cats, or found multiple (and thus ambiguous) entries. So we have e.g. 

1a.8b.morphs.to.cats.global 

which now contains this information for each investigated part of speech: 

morphrecs-length 

failures 

failure-ratio 

morphrecs-without-entries 

morphrecsー曰ith-multiple-entries

The abovementioned tuning is carried out, 邸 explainedin previous sections, using .DICTIO-

NARY.FORMS files. As we presently use the FULL version of the Kadokawa thesaurus, we have 

full.common.noun.dictionary.forms 

full.verb.dictionary.forms 

Comparing Records in Two Corpora Once this information has been generated for a 

given corpus, we want to compare MORPHRECS, CATRECS, MORPH-COOCRECS, and CAT-

COOCRECS for various corpora, especially for a training and a test corpus. So we have various 

.COMPARISON files, e.g. 

1a.8a.vs.8b.morphrecs.comparison 

1a.8a.vs.8b.morph.coocrecs.comparison 

1a.8a.vs.8b.catrecs.comparison 

1a.8a.vs.8b.cat.coocrecs.comparison 

In the .MORPHRECS.COMPARISON file we have for example 

; ;;-/survey/jap/data/1a.8a.morphrecs.sorted and -;survey/jap/data/8b.morphrecs.sorted 

; ; ； compared in terms of MORPH-UNIGRAM-PROBABILITY 

(relative-entropy 0.2415) 

(average-MORPH-UNIGRAM-PROBABILITY-corpus-1 0.0026) 

(average-MORPH-UNIGRAM-PROBABILITY-corpus-2 0.0027) 

(average-MORPH-UNIGRAM-PROBABILITY-difference 8.0E-4) 

(in-both-morphs-count 314) 
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(difference-records-corpus-1-order ((す INFLECTIONAL-ENDING0.0629 0.0682 0.0053 1058 166 1224) 

（で AUX-VERB0.0468 0.0509 0.0041 787 124 911) ...)) 

(in-corpus-1-but-not-corpus-2-count 584) 

(in-corpus-1-but-not-corpus-2 ((はあ FILLED-PAUSE) (という ADNOMINAL-PART) ...)) 

(in-corpus-2-but-not-corpus-1-count 51) 

(in-corpus-2-but-not-corpus-1 ((前後 COMMON-NOUN) (用意 SAHEN-NOUN) ...)) 

The .COMPARISON files introduce a new kind of record, a DIFFREC (difference record). There 

are MORPHREC-DIFFRECS, CATREC-DIFFRECS, MORPH-COOCREC-DIFFRECS, and CAT-
COOCREC-DIFFRECS. 

9.4 KEE Interface 

Sample code has also been provided for downloading morphrecs and catrecs to KEE, an object-
oriented shell with excellent interface-building capabilities. So far it has been necessary to use 
only a half-dozen simple KEE functions. Some possibilities for future interface experimentation 

were mentioned in a previous section. KEE is used only for viewing CO-OC objects and relations; 
no processing is carried out within KEE. 

Note that a separate file, kee.lisp has been prepared for use within KEE in order to prompt object 

creation. It is included here as Appendix 2. 

This completes our overview of the files and datastructures used in CO-OC processing. The next 
section surveys basic program usage. 

10 CO-OC Program Usage 

We first survey the top-level control functions used to create CO-OC knowledge bases. We then 

look at high-level data access functions. 

10.1 Building KBs 

The highest-level KB-building function is HANDLE-CORPORA-AND-COMPARISONS. It at-
tempts to automate the entire chain of events described above -it handles two corpora and then 

compares them, assuming only that .DICTIONARY.FORMS files have been prepared for the rel-
evant thesaurus to minimize thesaurus access problems. (These can be omitted, however, if poor 
results can be tolerated.) 

Here is the head of the function de恥 itionfor HANDLE-CORPORA-AND-COMPARISONS show-
ing its complete keyword argument set. 

; ; ;Handles two corpora and compares them. 
(defun handle-corpora-and-comparisons 

(n-range ;like (0 2) 

pos-1-list ;like (common-noun verb) 
pos-2-list ;like (common-noun verb) 
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directory ;like "-/survey/jap/data/" 

transcript-file-prefixes-1 ;like ("1a-AMWX" "1b-AMWX") 

transcript-file-prefixes-2 ;like ("2a-AMWX" "2b-AMWX") 

corpus-prefix-1 ;like "1a.1b" 

corpus-prefix-2 ;like "2a.2b" 

morphs-to-cats-prefix ;if using pre-made files 

&key 

; ； highest-level-control 

(handle-corpu年 1t) 

(handle-corpus-2 t) 

（ handle-morph-and-cat-comparisons t) 

; ;for handle-morph-and-cat-comparisons, if permitted 

(handle-morph-comparisons t) 

(handle-cat-comparisons t) 

; ;high-level control 

(handle-morphs t) 

(handle-cats t) 

; ;for handle-morphs, if permitted 

(make-morphs-files t) 

(segment-corpus t) 

(make-morphrecs-indexed-and-sorted t) 

(make-morph-coocrecs-indexed t) 

(make-morph-coocrecs-sorted t) 

(resort-by'hit-count) 

(separators'(END-OF-TURN)) 

(db-pos-display'english) 

(threshold 0.1) 

(threshold-key'conditional-probability) 

; ;for handle-cats, if permitted 

(make-catrecs-sorted t) 

(make-catrecs-indexed t) 

(make-cat-coocrecs-sorted t) 

(make-cat-coocrecs-indexed t) 

; ;for handle-mtc-and-ctm if permitted by used of 

; ； morphs-to-cats-prefix 

(thesaurus'thesaurus-full)) 

Examples are provided for all of the required arguments. See also sample program calls which are 

included in Appendix 1. 

N-RANGE indicates the desired range of window widths for investigation: several values for N 

can be used in the construction of a single knowledge base. 

POS-1-LIST and POS-2-LIST are lists of parts of speech whose co-occurrences are to be inves-

tigated. Each morph belonging to any pos in the first list will be tested against each morph 
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belonging to any pos in the second list. 

DIRECTORY is the directory where transcript files are stored, and where completed knowledge 

base files will be sent. 

TRANSCRIPT-FILE-PREFIXES-1 and -2 are the initial input for corpus-1 and corpus-2, respec-
tively. 

CORPUS-PREFIX-1 and -2 provide prefixes for automatic construction of appropriate file names 
for output. 

MORPHS-TO-CATS-PREFIX is supplied only if thesaurus processing and intermapping of morphs 
and cats has already been performed, so that usable morphs.to.cats and cats.to.morphs file already 
exist. In this case, this argument provides a pointer to them. For instance, I performed this in-
termapping in advance for la through Sb; so I could supply a "la.Sb" value for this argument 

in order to save the time of re-mapping when experimenting with subsets of the full EMMI 16-
dialogue corpus. 

Many KEYWORD ARGUMENTS have been supplied to allow skipping of selected steps during 
debugging. For example, to bypass the re-handling of corpus-1 if it has already been handled, one 
can make a call using 

:handle-corpus-1 nil 

Note the THRESHOLD and THRESHOLD-KEY keyword arguments. The default threshold is 0.1, 
meaning that scores under that value are discarded at KB-build time; and the default threshold-

key is CONDITIONAL-PROBABILITY, meaning that this is the field used for threshold judg-
ments. (Other possible values are CONDITIONAL-PROBABILITY-SMOOTHED, MUTUAL-

INFORMATION, and MUTUAL-INFORMATION-SMOOTHED). 

The RESORT-BY keyword argument defaults to HIT-COUNT, meaning that CO-OC uses the 
value of this record field for its internal sorting when making both .SORTED and .INDEXED files 

for morphrecs, catrecs, etc. (.SORTED files are sorted from beginning to end, while .INDEXED 
files are sorted within indexed groupings.) 

The THESAURUS keyword argument defaults to FULL. This is the Department 3 name for the 
full Kadokawa thesaurus. It is kept in 

as29:/usr1/EBMT-DATA/THESAURUS/KADDKAWA/FULL 

and its hierarchy is in 

as29:/usr1/EBMT-DATA/THESAURUS/KADDKAWA/HIERARCHY 

10.2 Data Access 

The purpose of four important data access functions were introduced in a previous section: 

get-morph-window―mates 
get-cat-window-mates 
get-morph-window-mates-via-cats 

get-morphology-window-mates-most-specific 
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Examples of program use are included in Appendix 1, II.A.1. Here we display the heads of the 

program definitions and comment on selected arguments. 

(defun GET-MORPH-WINDOW-MATES-WITH-FILES (n pos-1 lex-1 pos-2 directory corpus-prefix 

...) 

紘 ey(threshold nil) 

(threshold-key'conditional-probability) 

(filter-self t) 

(db-pos-display'english) 
(return-morphs-only nil)) 

We are seeking window-mates for the morph specified by POS-1 and LEX-1 with a window width 

of N, and specify that the mate must belong to POS-2. DIRECTORY and CORPUS-PREFIX 
jointly point to the relevant knowledge base files. 

THRESHOLD and THRESHOLD-KEY have already been explained. See above regarding non-

default values for THRESHOLD-KEY. FILTER-SELF is normally T, since a morph can always 

be its own window mate but we usually don't want to be told this. RETURN-MORPHS-ONLY 

should be T if a concise list of possible mates is wanted; otherwise a verbose list of complete 

morphrecs will be delivered. 

(defun GET-CAT-WINDOW-MATES-WITH-FILES 

(n cat-1 directory corpus-prefix 

...) 

紘 ey(threshold nil) 

(threshold-key'conditional-probability) 
(filter-self t) 

(db-pos-display'english) 

(return-cats-only nil)) 

As for the -MORPHS-function above. 

(defun GET-MORPH-WINDOW-MATES-VIA-CATS-WITH-FILES 

...) 

(n pos-1 lex-1 directory corpus-prefix morphs-to-cats-prefix 
紘 ey

(level nil) 

(threshold nil) 

(threshold-key'conditional-probability) 

(filter-self t) 

(thesaurus'thesaurus-full) 

(return-morphs-only nil) 
(cats nil)) 

MORPHS-TO-CATS-PREFIX is needed as a pointer to a precomputed intermapping between 
morphs and cats. 

LEVEL allows specification of the thesaurus level at which semantic smoothing will be tried. The 

default, NIL, means any level is pernussible. CATS allows specification of the particular list of 
cats for which cat-coocrecs should be sought. 

(defun get-morph-window-mates-most-specific-with-files 
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...) 

(n pos-1 lex-1 pos-2 directory corpus-prefix morphs-to-cats-prefix 
紘 ey
(level nil) 
(threshold nil) 
(threshold-key'conditional-probability) 
(filter-self t) 
(thesaurus'thesaurus-full) 
(db-pos-display'english) 
(return-morphs-only nil)) 

As above. 
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co-oc, Building Knowledge Bases of Co-occurrence Information 
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16 ! 
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18 i ..... …............. , 
19 i ; ; ; I. READING/WRITING, PART-OF-SPEECH TABLE, OTHER AUX ”曹................... 
20 ! ... .....................、 ,、、 A. READING WRITING 

............ ?LJ ,、• 1 B. PART-olsPEECH TABLE 
22 i 

．＂＂＂＂曹 231; ; ； C. OTHER AUX 

・・・・・・・・ 24 ! ;; ; II. CO-OC MAIN FNS 
.......... お＂曹 i;; ; A. HACKS AND TOP LEVEL CONTROL 
＂曹曹..曹●●● .......... 曹.,

26' ＂曹曹......... ....... , ; ; ; 1. HACKS 

27 i 
..... …... 万s・:... ; ; ； 2. S'OP LEVEL CONTROL 

, .......... を9"!'.'.'. B. MDRPHRECS 
1. DEFINING MORPHREC DATASTRUCTURE ......... 

30 i ;; ; 2. MAKING . MORPHS FILE FRO>! TR邸 SCRIPT FILE 
31 ; ........... JT'! ,,, 3. SEPARATING SEGMENTS 

33曹i
; ; ； 4. MAKING FIRST DRAFT OF }'.ORPHRECS-INDEXED, SORTING MORPHS BY POS (PART OF SPEECH) 
; ; ； 5. FIN ALI ZING MORPHRECS-INDEXED, MAKING MORPHRECS-SORTED ....... 曹...● ... …..... , 

•…パ.....烈..! ;; ; 6. SORTING MORPHRECS-INDEXED邸 D MORPHRECS-SORTED 
35 ; Jtii ,,, 7. QUERYING MORPHRECS-SORTED 

; ; ； 8. QUERYING MORPHRECS-INDEXED, INCLUDES FINDING SEGMENT MATES ......... , 
37 I ; ; ; 9. DEFINING MORP!IREC-DIFFREC ....... 曹●● .......... , 
38 ! . 39・1 ,,, ・ ・ ・10.  COMPARING MORPl!RECS-SORTED 

; ; ; C. MORPH-COOCRECS ”曹●●●● 曹.......….. 曹.,
40, 

””曹..曹曹曹··•··········'
; ； ; 1. DEFINING MORPH-COOCREC 

41 i ;; ; 2. MAKING MORPH-COOCRECS-ISDEXED ・…..... 曹…..........., 
42 ! ; ; ; 3. MAKE-MORPH-COOCREC-TAIL ................ 
43 ! ; ; ; 4. QUERYING MORPH-COOCRECS-INDEXED ............... , 
44 i ; ; ; 5. MORPH-WINDOW-MATE QUERY FUNCTIONS ．曹........曹····• . 
45 i ; ; ; 6. MAKING MORPH-COOCRECS-SORTED ........... 
46 j ; ; ; 7. SORTING MORPH-COOCRECS-SORTED 

8. QUERYING MORPII-COOCRECS-SORTED 
9. DEFINING MORPH-COOCREC-DI FFREC 

, , , 10. COMPARING MORPH-COOCRECS-SORTED 
; ; ； D. DEFINING NODE-STRUCTURE 

E. CATRECS 
l. DEFINING CATREC DATASTRVCTURE 
2. MAKING CATRECS. SORTED 

; ; ; 3. QUERYING CATRECS-SORTED 
; ; ; 4. DEFINING CATREC-DIFFREC ぃ.....曹.., s .. 釦；；； 5. COMPARING CATRECS-SORTED 

5] j ; ; ; 6. MAKING CATllECS-INDEXED 
Sli ; し........い・・・・・・...., ,,, ・ ・ ・ 7  . SOR1'ING CATRECS-INDEXED 

••••••.•••• 翅);; ; 8. QUERYING CATRECS-INDEXED, INCLUDES FINDING WINDOW MATES 

....... 曹• 曹.....60 l ; ; ; F. CAS'-COOCRECS 
; ; ; 1. DEFINING CAT-COOCREC DAT.¥STRUCTURE 

.. 三塁且；；、・ 2. MAKING CAT. COOCRECS. INDEXED 
......... §'Li ; ; ; 3. MAKE-CAT-COOCREC-TAII』

64 i 

55・1 
; ; ; 4. QUERYING CAT-COOCRECS-INDEXED 

..... 曹曹 .............. ; ; ; 5. CAT-NINDOW-MATE QUERY FじNCTIONS
66 ! ; ; ; G. N,¥KING CAT-CDOCRECS-SORTEO 

”曹・・・・・・・・・・・・・・・・・・・
67 i ; ；； 7. SORTING CAT-COOCRECS-SORTED 

681 ・・・・・・・・・・・......... , ;;; 
0. QUERYING CAT-COOCRECS-SORTED 

69 i .... …・・10・") ; ; ； 9. DEFINING CAT→ COOCREC-DI FFREC 

....... …….... 曹....., ; ；； 10. COMPARING CAT-COOCRECS-SORTEO 
71 , ; ; ; G. TIIISSAURUS, MORPHS-TO-CATS, CATS-TO-MORPHS ＂曹...曹・・・・・・・ 曹...., ..... JZ」;; ; 1. DEFINING TIIESAURUS-8NTRY ..... n」;、・; 2.'l'IIESAVllUS LOAD 邸 D ACCESS 
74 i ;;、・3. 1'111SSAVRVS IIIEHARCIIY 10.¥D 油 D ACCESS ................... , 
75 ! 

＂＂曹曹曹曹75・・1 ' ' ' ・ ・ ・4.  MAKING MOHPIIS-TO-CATS 

····•·· 曹.....曹・・I,,,・ ・ ・5.  QUERYING MOHPIIS-TO-CATS 

l 
・…... …_77. .. • ; ; ; G. GllTTING MO¥lPII OIC1'IONARY FORMS 

78 ; ; ; 7. N1¥KING CATS-TO-MORPHS 
79 i ; ; ; 0. QVEllYING CATS-TO-MORPIIS M ... , 

.................... ..1 

............. 8_1 ! ;; ; III. Kil¥! CONVEHSION 

…・ ・.......登?.!
83 1 ・ ・・......,,, .......... , し...合...............合.....................々..................... 

..... 曹曹...曹...い······• , , , 

..... 8.4...i ;; ; 
85 i ;、•、、 I. ll¥CAll「NG/WRITING, PllE1'1'Y-PllJNTING, 01'11Ell AUX 

86 且I;/........ ,, ....................... ヽ.., .. 貪.................女........食........、.......會

............... ・ ；；、・；；、・；；；；；、・、・；，・；；；；；；；；；，・； ;;;, ・；，・；；，・;、・；；，・、・；；；；；；；、.; ; ; ; ; ; ; ; ;; ; ;; ; ; ; , 曹;;; , 曹；；；；；；；，・;;;;,・；；；；

90 ・・・・・・・・・・・・・----
; ； , ・I .A. lllCADING/WHITING 

91 ；；；；；，曹；；，•;;;;;;;;;;;;;;;;、・；；；；； ;;;;;;;;;;;;;;;;;、.; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;; ; ; ; ; ; ; ; ; ; ; ; 

92 
93 ........... ..... 曹曹曹曹 ; ； ;'l'o≪voicl pcoblems with pprint, etc. 

• 94 ．曹●● ........ . (sctq•pd11t-lcvcl• 20) 
....... Q.~.... (sctq•pci11tc-slwrccl• 11Ll) 

96 ................ (S廷q•print-circle• nil) 

97 
········••·· 

98 ; ; ;lleacls 0111) s-cxp from file. 

99  
.... 

; ； ; If no suc:h file, returns nil. 
I 00 ... 1 (cleEuu rcMl-from-file (file) 

＂：：！腐...j (with-open-file 
.i曹bJ"I

(input-stream file ,direction , input , if-docs-not-exist ni.l) 
(if inpu← stream 

・ro曹;r・(reacl i11put-s trcam) 
·•········ 105 nilJ J J 
105・・ 

............. ・.. . .J..QL. ;; ;Writes (ppcints) one s-exp to file 

...... 108 . 曹..い~ ~ ・..曹● (clcfun wri.tc-to-file (output file) 
.LQ見 (with-open-file
110 (output-stream 
Ill file 
I 12 : direction , out.put ....... 
) 13曹： if-exists , new-version ............ 
I 14 

・T1ぢ．
: i.f-cloes-not-exist , ere ate) 

.................. (pprint output output-stream))) 
I I 6 

;<ark selign1an 
Dec. 1994 

,,、 Writes (but does not pprint) one s-exp to file. 
(clefun write-to-file-no-pp (output file) 

(with-open-file 
(output-stream file 
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TEXT 

:direction ,output 
: if-exists , new-version 
: if-does-not-exist , create) 

(format output-stream "-s" output))) 

, ,,Takes SERIES of s-exps from file and returns LIST of s-exps. 
(defun read-loop (file) 

(let (output) 
(with-open-file 

(input-stream file ,direction , input) 
(let ((new-value t)) 

(loop while new-value do 

, .. c .... 
(setq new-value (read input-stream nil)) 

134; ................. , (setq output (cons new-value output))) 
135 ! (reverse (cdr output)))))) 
136 , 

：二i豆tJ1;; Takes LIST of s-exps and writes them into a. file as SERIES, without parens. 
138 ! ;;;If non-nil nun,bers?, prints ;;;No.X before each element. 
139 I ....................、 (defun write-loop (list file &optional ncunbers?) 

.... . ..L令.9... j (with-open-file 
141 , ................... , (output-stream 
142 i ,．．．．．．．．．．．．．．． file 
143 i 

.T互l
: direction , output 

... T店..., : if-exists , new-version 
: if-does-not-exist , create) ............ , 

146 I ...................... , (let ((CO tint 1)) 
147 ! ．ヽ．．．．．．＂．．．．．． (loop for x in list do 
148 ! 
・r祁・:

(if munbers? 
(progn 

(format output-stream "-2';;;No. ~s~も" counヒ）

(setq count (l+ count)))) 
(print x output-stream))))) 
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I><・..................... , 
153 i .... i●●豆j

・1窃..., 
; ； ; Special aux fn for co-oc 

..................... , , (defun get-global-value-from-file (file attribute) 
I 56, .................... , (let* ((all-values (read-loop file)) 
I 57 ; , ................... . (fetched (assoc attribute all-values , test I'equal))) 
I 58 i ....................... , (second fetched))) 
I 59 ! , .................... .. 
160 l ........................ ; ; ; ; ; ; ;; ;; ; ; ; ; ; ; ; ; ;; ;; ; ; ; ; ; ; ; ; ; ; ; ;; ; ; ; ; ; ; ; ;; ; ; ; ; ; ;; ; ; ; ;; ; ; ; ; ; ; ; ; ; ;; ; ; ;; ; ; ; ; ;; ;; ; ; ; ; ; ;; ; 

161 l '.......... , ; ； ; I. B. PART-OF-SPEECH TABLE 
162 ! .... ● .............. , , ; ; ; ; ; ;; ; , ; ; ; ; ; ; ;; ;;;; ; ; ; ; ; , ; ; ; ; ; ;; ; ; ; ; ; ; ; ;; ; , ;; ; ; ; ; ; ; , ; ; ; ; ;; ; ; , ; ; ; ; ; ;; ; ; ; ; ;; ;; ; ; ; ; ; ; ; ; 

163 ; 
I 64' ................... , , (de fun get-code-english-symbol (code-mm1ber table) 
165 ; , ........... .. (fourth (assoc code-number (eval table)))) 
166 ! 
167 .................. , , (de fun get-code-j apanese-symbol (code-munber table) 
I 68 i ................... (seconcl (assoc code-number (eval table)))) 

.......... 169; ........... .. 
170 ; ...................... , ; ；； Table giving labeling codes for parts of speech 

, ........ .LZ . .L.i ;;;Japanese glosses follow table of contents, TR-IT-0009. 
······•···'.7l」;; ； English glosses are by Seli叩nan, with advice of staff. 

173' 
"● "・................., (defvar *pos-table* 
....... .L?..4…i '((11固有名詞 こゆうめいし Iproper-noun "30" 嘔］名詞＂＂固有名詞＂）

175 ; 
... •····1·11,··1 

(12サ変名詞 サヘんめいし sahen-noun "05" "サ名詞""サ変名詞") ; sa-irregular-noun 
...... .. , ............ , (13形容名詞 けいようめい [ adjectival-noun "31" "形名詞＂＂形容名詞＂）

77 ; (14町iii
(15薮詞名詞 ふつうめいし COlllll¥Oll一noun "04" "背名詞""普通名詞")

すうし Inrnueral t7" "数詞＂＂数詞")
(16代名i.lIだいめいし[ pronoun "06" "代名詞""代名詞＂）
(17人名 じんめし;' personal-name nil nil nil) ;Ila 
(18 住所 lじゅ しょめい Iaddress-name nil nil nil) ; na 
(19 日1り臼にちじ『 date-orーヒimellil llil nil) ; ≫a 
(21木阻｝詞 Illんどうし[ verb "32" "本動詞""本動詞") ;not aux or su 
< 22 1ilill/J勁詞 ほじょどうし 1

p 
supplementary-verb "19" "補動詞""補助匝『詞") ;eg with te form, eg itadak 

(30語尾 1こひ[ inflectional-endinq nil nil nil) ;na 
(40形容門 lけいfうし Iadj "01" "形容詞""形容詞")
(so晶l].j司，ぶくし adverb "08" "副詞""副詞")
(60連体詞 れんたいし ad noun "09" "連体詞""連体詞") ;like det, hut never alone; non-conjugated adj 
(70接続詞 せつぞくし connective-part "10" "接続詞""接続詞") ;relates clauses, conjunction 
(80隈動詞ャ

かんどうし interjection "11" "惑動詞""惑動詞") ;e.g. hai or, exclamation 
(90 [,¥! 投詞 かんとうし filled-pause "33"'澗投詞＇，噌り投詞") ;interjection 
(100 11/J祖1]詞 じょ Vうし aux-verb "12" "叫勁詞" "!!/動詞＂）
(lll格助詞 かくじょし case-part "15" "向励詞" .. /各賊詞")
(112準体It/凡, Iじゅんたい『ょし Iquasi-no,rn-rart "34" "叩/J詞""準休助詞") ;no n 

｛雷鱈員l誓斐,c~t tぷ悶記悶冨閏：：書闘五：：疇闘;,/.. /" 
(115並立!UJ詞 1へいりつ，
(116接統助i,1 せつぞくし 1 

ょし coord-part "35" "jj; ll)Ji,j" "並夕l叫詞") ; to to ka 
＂ し connective-part "14" "妾11)]詞" .. /妾続肋詞" nil nil nil) ;relates clauses ???? 

(117股11/J詞 しゅうじょし rfinal-part "16" "終l!/J詞""終助詞")
(118 J'"f: 繹｝詞 れんたい’ょし Iaclnominal-part nil nil nil) ;na noun-link-particle ?? 
(119引用iun, [いんよっ quotation-marker nil nil nil) ; to na 

l t翌ド麗靡］苅3合［『t.i:誓~l;ザ，接！も翡紐：!~ 闘翡阿＇）
(140その他 そのほか etc "99" "その他""その也＂）））

.....................、
197 i 
198; .................. , 

199 ; ..................、
200 i , .............. 1 
201 , ............... 
202 i , ..................... . 
203 ; 
204 i ................ 
205 I ..................... 
206 i・ ................. 、;;;;,·;;;,•;;;,·;;;;;,·;,';;;;、, ；； ; ； ; ; ; ,・;; ,';;;;;;;;;;;;;;;;;;;;;'・；；； ; ;; ,・;、・;;;;;;;;,-;;,-;;;;;,

207 i ; ;; I. C. O'l'IIISI! AUX 

208・ , ； ; ; ; ； ; ； ; ; ; ; ; ; ;; ; ; ; ;、.; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ,・;; ,';;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
209 

, ・2To .. ;、•、•Glob,il ,;ctti.ng for output ac:c11racy, 
21 i" .. ., (ddvar•slgnificant-cli.gl.ts• 1) 

212 
21 f. (clcl'.un ro1111cl-t:o-n-d切its (lll¥¥111, ば II):：)f4 (l((〉 11 I?.) 

....... ]..!.I.. (crr.c,r. "asked for. more tlw11 12 sig11l(i.ca11t digits")) 
216 (.let ((11um (float 1111mbcr.)) 

．互i7口 (1:i1ctor
218 (l((eq n 0,0) 
219 .. , 0, 0 

＂万20 (expt 10 n)))) ..... n ... 1□ (it (equal factor. 0,0) 
222 

IHI 
(fro11ncl num) 
(/ (fround ('factor 1111ml) factor)))) 

224 i 
225 i (clcfu11 make-11luuberedーmorpheme-group-file (input-file output-file) 
226 i (let• ((input (read-loop input-file)) 
227 i (counヒer 0) 
228 i output) 

229 i (loop for morpheme-group in i11put do 
230' ................ 1 (setq output 
231 i ．．．．．．．．．．．．．．．．．．、 (COIIS 
232 i 

, 233 .. i 
(reverse (co11s counter (reverse morpheme-group))) 

...................... , output)) 
234i (setq counter (lt counter))) ......... ユ.., ...... , 

(write-loop (reverse output) output-file))) 

,-,-,-If DESTINATION is t, format to standard output, else format to indicated stream. 
(defmacro smart-format (destination control-string 紅 estargtu11ents) 

-(if (equal , destination t) 
(format ,destination ,control-string , 怠arguments)
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TEXT 

(with-open-file 
(output-stream , clestina tion 
: direction , output 
: if-exists , append 
: if-does-not-exist ,create) 

(format output-stream ,control-string ,@arguments)))) 
....... H~」
246 i ····•······ ・......
247 ! 

.. , 

二□Z§!'Li (defun string-remove-spaces (string) 
...... .?.4.~... l (let ((list (coerce string'lisヒII
250 i ................ , (result nil I I 
251 ! (loop for x in list do 

......... ?5.L.i (if (not (eq x !¥space I I 
253 i ........ ●● ...... (setg result (cons x result) I 11 
254 i 

........... ● ······• 
(coerce (reverse resu1t1'string I 11 

255 ; ................... 
256 , 

., 
.....................、 (clefunempty-string? (string I 

・●●曹曹
?5..7 .. .J (string-equal (string-remove-spaces string I ""II 
258 i 
259・・・; 

... 曹..一ぃ o•a··曹.,: (clefun list-contains-repetitions? (listl 
(let I I found? nil I I 

(loop for x in list until found? do 
(let ((list-minus-x (remove x list , test I'eguall I I 

(if I'I一 (lengthlist) (length list-minus-xi I 11 
(setq found? ti I I I 

found?)) 

, , , II. CO-OC MAIN FNS 

','',,,,;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;、・;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;,,,,

....... 276, 
2・グy・;. . ・ ======================== = ========================= == = == = ========== ==== ============== ............ , '" 
278 i ;;; II.A.l. RACKS 
・ 2・グg・.., . . . ========-------------------------------------------------------------------------=== ．．．．．．．．．．．．．．．．．．．．．．， ,、、
280 ; ..................... } 

281 , ................ ; ； ; for demo 
282 ! 
283 i .................... ; ; ; (defun GET-MORPH-WINDOW-MATES-WITH-FILES n pos-1 lex-1 pos-2 directory corpus-prefix 
284 ! ···················• ; ; ; &key (threshold nil) (threshold-key'conditional-probability) (filter-self t) (db-pos-display'english) 
．．． 285 ! ．．．．．．．．．．．．． ; ; ； (return-morphs-only nil) 
2昼~...! ; ; ; (get-morph-windowーmates-with-files2'conm,on-noun'common-noun "~;survey/j ap/clata/" "la. 8b") ·•·····2s7'· 限

.................. , ; ；； (get-morph-window-mates-with-files 2'conm,on-noun'駅 'verb "-/survey/jap/data/" "la.Sb") 
288 ; .. -; ；； (get-morph-wrnclow-ma tes-with-files 2'conunon-noun'駅 'verb /scu:vey/jap/data/" "la. 8b" , return-morphs-only t) 
289 ! ........... 
290:) ; ; ; (defun GET-MORPH-WINDOW-MATES-VIA-CAS'S-WITH-FILES 

(11 pos-1 lex-1 directory corpus-prefix morphs-to-cats-pref訟

&key 
(level nil) 
(threshold nil) 
(thェeshold-key'conclitional-probabili ty) 
(filter-self t) 
(thesaurus'thesaurus-full) 
(returnーrnorphs-oulynil) 

,,, (cats nil)) 
; ; ； (get-morph-window-mates-via-cats-with-files 2'c0Iru11on-11oun'隠'conunon-noun ,,~;survey/jap/data/" "la. Sb" "la.Sb" ,returnーmorphs-onlyt) 
; ; ； (getーmorph-window-mates-via-cats-with-files2'common-noun'!'verb " -/survey/j ap/cla ta/" "la. 8!J" "la. 8!J" , retmn-morphs-only t) 

SUL ! 
303 ; ; ；；〈defun get-morph-wi nclow-ma tes-most-spec if ic-wi th-files 
304, ................... ; ；； (n pos-1 lex-1 pos-2 directory corpus-prefix morphs-to-cats-prefix 
305 i ................... ; ；； &key (level nil) (threshold nil) (threshold-key'conditional-probability) (filter-self t I 
306 ! ・・・・・・・・・・・・・・・・・・・・ 、・;; (thesaurus'thesaurus-full) 
307 ! ;、; (clb-pos-display'english) 
308 i ・・・・・・・・・・・・・・・・・・・1 ; ; ; (return-morphs-only nil)) 
309 ! ; ; ; (get-morph-window-ma tes-most-specifl.c-with-files 2'common-noun'駅 'common-noun "-/survey/jap/clata/" "la.Sb" "la.81J" ,returnーmorphs-only t 

...................... 
310 i 

, 1 
; ； ; (get-morph-window-mates-most-specific-with-files 2'com111011-nou11'verb "~;survey/j ap/cla ta/" "la. Sb" "la .. Sb" , return-morphs-only t) ．．．．．． 

31 I' 
駅

............. , ; ; ; (get-morph-window-mates-most-specific-with-files 2'common-noun'車 'verb "~;surver/jap/data/" "lo. 81J" "la. 8b" , return-morphs-only t) 
312 ! ; ; ; (get-morph-windowーmates-most-specific-with-files2'comn,on-noun'車 'common-noun"/survey/jap/clata/" "la.Bb" "la.Sb" ,return-morphs-only t 

・・・・・・: I 31 3 i .~ ~ ~ ~ ~~．~ ~ ~ 
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"'"ヽ ,,,;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;,;;;;;;;;;,・；，．，．，．，．，・；；；；、．，・；；，・;;;;;;;;;;;;;;;;;;;;;;;;;;;,;,,、，ヽ "ヽ'、

; ; ; List of transcript filc.s in first Japanc.sc cmml corpus 
;；； "la-Mll,X" 
; ； ; "lb-AMWX" 
; ; ； "2a-ATMX" 
; ； ; "2b-,¥1'MX" 
;；； "3a-,¥TUX" 
; ; ； "3b-ATUX" 
; ；； "4a-AKTX'』

; ; ; "4b-AK1'X" 
; ; ; "5a-AYKX" 
; ； ; "Sb-AYKX" 
；；； "G,1-AIIKX" 
; ,•、·"6b-AIIKX"
; ; ; "7a-,¥YUX" 
; ; ； "7b-AYUX" 
; ；； "8a-A1'NX" 
; ; ; "8b一ATNX"

(clcfun whole-and-halves () 
(whole-corpus) 
(halves)) 

(clefun quarters-and-eighths () 
(quarters) 
(eighths) I 

(clefun whole-corpus () 
(handle-corpus 
'(2 2) 
'(common-noun verb) 
'(common-noun verb) 
"~;survey/j ap/cla ta/" 
'("laー心1'1X"

"lbー入邸X"
"2a-ATMX" 
"2b-A1':-tX" 
")a-ATUX" 
"3b-ATUX" 
"4a-AKTX" 



FILE 
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359 ! "41>-AKTX" ・・・・・・・・・・・・・・・・・・ 
360 , 
， 

"Sa-AYKX" 
・・・・・・・・・・・・・・・・・ 
361 l "Sb-AYKX" .... ・・・・・・・... 
362 i "Ga-AHKX" ．．．．．．．．．．．．．．． 

363 i "6b-AHKX" ... ·············• 
364 ; "7a-AYUX" 
············• 
365 ! "7b-AYUX" ．．．．．．．．．．．．．．．． 

366 < "3a-ATNX" 
・・・・・・・・・・・・・・・・・ 367 ; 

... , 
"3b-ATNX") ..... ・・・・・・・・・・・・・ 368 i "la. 8b" 

・・・・・・・・・・・・・・・・・・・・・ 369 ; ......... nil)) 

370 ! ......................• 
......... n.L.1 (defun halves () 

372' 

373i 
, (handle-corpoェa-ancl-comparisons

．．．．＂．．．．．．．．．．．．．．．．．， '(2 2) 

374 ''(COUllllOllーnounverb) 
'(COIIII¥¥Onーnounverb) 
"~;survey/j ap/clata/" 
'("1a—邸NX"

"1b-N-IWX" 
"2a-ATMX" 
"2b-ATMX" 

．．．．．．万釦,... , "3a-ATUX" .............. .. 
382 i "3b-ATUX" ..................... , 
383 i . "4a-AKTX" ................. 
384 ! 
・3蒻'

"4b-AKTX") 

...................... , 
386 i '("Sa-AYKX" ......... 
387 i 
・3蒻!

"Sh-AYKX" 

............... 
389 i 

”●● .......... .. 

390 i .................... 
．．．．ぃ...39 I ; 

39芝'・・3釘・;
3匹 1

.. .... ・・・登．翌::J " l a • 4 b " 
396 i "Sa. 8b" 

• 3切!
.. 3臨・:

"la. 8b")) 

.... 3弱!...................... .. (defun quarters () 
400 i (hanclle-corpora-and-cornparisons 

• 401 •….................. '(2 2) 
40 2'(common-noun verb) ...................... 
403'(conunon→ 10un verb) 
404 

．．．．． 

.................. ,,-/survey/j ap/clata/" 
405 ............... .. '("la-i¥MWX" 

406 "lb-i¥MWX" ...................... 
407 "2a-ATMX" ................. 
408 ”’’ "2b-ATMX" ....................... 

........ 合競 "3a-ATUX" 
410・ 

..... 4TT. "3b-ATUX" 
"4a-AKTX" , .................... . 

412 i "4b-AKTX" ................... 
413 i "Sa-AYKX" ....................... 
414 i "Sb-AYKX" ...................... , 
415 i "6a-AHKX" .................... 
416 i "6b-AllKX") 

"6a-AHKX" 
"6b-A!IKX" 
"7a-AYUX" 
"71た AYUX"
"Ba-ATNX" 
"8b-AS'NX") 

'("7a-AYUX" 
"7b-AYUX" 
"8a-ATNX" 
"8b-ATNX") 

"la. Gb" 
"7a. 8b" 
"la. Sb") 

: make-morph茫 files nil) 
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i~i-f~i~~i~iiii~2~” (clefun eighヒIts () 
(hanclle-corpora-ancl-comparisons 
'(2 2) 
'(common-noun verb) 
'(common-noun verb) 

" -/survey/j ap/cla ta/" 
'("la—詔1心X"

"lb-AMWX" 
"2a-A呼 IX"
"2b-AS'MX" 
"3a-A1'UX" 
"3b-A1'UX" 
"4a-AKTX" 
"4b-AKTX" 
"Sa-AYKX" 
"Sb-AYKX" 
"6a-AIIKX" 
"6b-AIIKX" 
"7a-AYUX" 

"7b-AYIJX" I 
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TEXT 

479i'("Sb→ 11'NX" J 4ぬ.., 
·•··················· 481 ! 

I 
"la. Sa" 

・・・・・・・・・・・・・・・・・・ 482 ! "811" 
・・・・・・・・・・・・・・・・・・・・、483 ! 

' 
"la. Sb") .......... ・....

484; : make-morphs-files nil) 
485 ! 
・・・435°I 

●●● ··•··········· 

・; ; ;For quick benchmark test of whole system. 
487; •············· ・(defunla.vs.lb 11 
488 / (handle-corpora-and-comparisons 

'I 2 2 I 
'(conunon-noun verb) 
'(common-noun verb) 
,,-/survey/j ap/da ta/" 
'("la—認WX")
'("l】)-AI-IWX" I 

＂＂＂ん，.......... 494 ! ................... , 
495 i .............. 
496 I 

, ., 
"la" ................... 

497 , "lb" ....................... , 
498 < .............. , nil)) 

499 i 
500 i ; ; ;==========a==aa================a=======a=a=a====a=====aaa=====a====a=======a====aaaa ................ 
50 I・................. . I ;;; IIぶ .1. TOP LEVEL CONTROL 
502 i ............... .. ‘’‘ 

·• ・===a=a==a========================a=a======a==a=========a======a=a=a======a==a====aaa

503 i 
........ I9.4 ... i ; ; ; Handles two corpora and compares them 
........ IQ.~... / (de fun handle-corpora-and-comparisons 
......... 506 ! (11-range 
507 i pos-1-list 

pos-2-list 
directory 
transcript-f ile-prefixes-1 
transcript-file-prefixes-2 
corpus-prefix-1 
corpus-prefix→ 
morphs-to-ca ts-pref ix 

・

;
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,like "~/survey/jap/data/" 
; like ("la→ ¥MWX" "lb—泣限X" I 
; like ("2a-A/似 X" "2b-紐 lllX")
; like "la.lb" 
; like "2a. 2b" 
; if usiug pre-made files 

&key 
; ; highest-level-control 
(handle-corpus-1 t) 
(handle-corpus-2 t) 
(handle-morph-and-cat-comparisons t) 

、、 for handle-morph-and-cat-comparisons, if permitted 
(handle-morph-comparisons t) 
(handle-cat-comparisons t) 

; ； high-level control 
(handle-morphs t) 
(handle-cats t) 

, ； for handle-morphs, if permitted 
(make-morphs-files t) 
(se叩uent-corpust) 
〈make-nrorphrecs-indexed-and-sorted t) 
(mnke-n,orph-coocrecs-incloxecl t) 
(rnake-urorph-coocrecs-sorted t) 

(resort-by'hit-count) 
(separators'(END-OF-TURN)) 
(clb-pos-clisplay'english) 
(threshold O. l) 
(threshold-key'concli tional-probabili ty) 

, , for handle-cats, if permittecl 
(make-catrecs-sortecl t) 
(make-catrecs-inclexed t) 
(make-ca t-cooc.recs-sortecl t) 
(make-ca t-coocrecs-inclexed t) 

, , for hanclle-mtc-and-ctm if permitted by used of 
; ； morphs-to-c,1 ts-prefix 
(thesaurus'thesaurus-full)) 

(if hanclle-corpu.s-1 
(handle-corpus 
n-range 
pos-1-list 
pos-2-list 
cli.rector.y 
transcript-[ ilc-pref ixes-1 
corpus-prefix-1 
morphs-to-en ts-pre fix 
, lchesaur.us thcs,nrrus 
, hnndlc-morplrs hancllc-morphs 
hun<ll.c-cato hancllc-cuto 
make-morphs-(i lcs m,1kc-morphs-(ilcs 
scgmcrr t-coqnr,J scgmcn t-cor.pus 
, m,1kc-mor.ph rccs-l11clcxccl-a11d-sor tccl uwkc-urorphrecs-i 11clcxccH1 ncl-sor tccl 
: nr;1kc-mo rph-cooc rccs-i.rrdcxccl mnkc,-mo rph-cooc recs-i ndcx叫

: make-mo rph-cooc recs-so rしcdn≪1kc-morph-coocrccs-sortcd 
・resort-by resort-by 
scp≪rators sc,p≪rlltors 
db-pos-cli.spl"Y db-pos-display 
・threshold threshold 
ヒhrosholcl-kcy threshold-key 

: makc-catrccs-sortccl m,1ke 
•make-ca ヒrecs-indexed make-ca trecs-inclcxccl 
make-c,i t-coocrccs-sortccl make-ca t-coocrccs-sor tcd 
make-ca t-coocrecs-indexccl make-ca t-coocrccs-inclcxecl)) 

(if handle-corpus-2 
(handle-corpus 
11-ra11gc 
pos-1-list 
pos-2-list 
clirec tory 
transcript-rile-pref ixcs-2 
corpus-prcfix-2 
morphs-to-ca ts-prefix 
thesaurus thesaurus 
handle-morphs hanclle-morphs 
: handle-cats handle-cats 
・make-morphs-files make-morphs-files 
segment-corpus segment-corpus 
make-morphrec s-indexecl-ancl-sor ted make-morphェecs-i nclexecl-a 11d-sor tecl 
make-mor ph-coocrec s-inclexecl make-morph-coocrec s-i nclexed 
make-morph-coocr ec s-sorted make-morph-c ooc recs-sorted 
resort-by resort-by 
: separators separators 



FILE 

cooc.lisp 

TEXT 

... .. 599 I 
600 ! .................. 
601 ! ......... 成i[l

....................... , 
603 I ............... 
604 ! ....................... 
605 ; .................... .. 
606 I ...... 6•-T! (if handle-morph-and-cat-comparisons ..................... .. 
608 ! (handle-morph-and-cat-comparisons 

........ 祁 g・,
・・・gnn 

directory corpus-prefix-1 corpus-prefix-2 

....... もf'i.... , : handle-morph-comparisons handle-morph-comparisons 
, : handle-cat-comparisons handle-cat-comparisons))) ......................、

612 ; 
......... 6T"i'.. ! ; ; ; llandles a single corpus. ....................... 
614' ...... i5Ts ... , , (defun handle-corpus 

(n-range ....................... , 
616 ! pos-1-list ................ 
617 ! pos-2-list 

......... a .. , .. , ... , 

directory 
transcript-file-prefixes 
corpus-prefix 
morphs-to-ca ts-pref ix 

,clb-pos-display clb-pos-di.spli¥y 
, threshold thresholcl 
: th res hold-key thresholcl-key 
: make-ca trees-sorted make-ca trees-sorted 
make-ca trees-indexed make-ca trees-indexed 
make-ca t-coocrecs-sorted make-ca t-coocrecs-sorted 
: make-ca t-coocrecs-indexecl make-ca t-coocrecs-indexed)) 
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,like ,,~;survey/jap/data/" 
; like ("la-AMWX" "lb-AMWX") 
; like "la. lb" 
; if using pre-made files 

&key 
; ； high-level control 
(handle-morphs t) 
(handle-cats t) 

; ; for ha11clle-morphs, if permitted 
(make-morphs-files t) 
(se叩nent-corpus t) 
(make-morphrecs-indexed-a11d-sortecl t) 
(make-morph-coocrecs-indexed t) 
(make-morph-coocrecs-sortecl t) 

(resort-by'hit-count) 
(separators'(END-OF-TURN)) 
(db-pas-display'english) 
(threshold O, 1) 
(threshold-key'conditional-probability) 

; ; for handle-cats, if permitted 
(make-catrecs-sorted t) 
(make-catrecs-indexed t) 
(make-ca t-coocrecs-sorted t) 
(make-cat-coocrecs-indexed t) 

; ; for handle-mtc-a11d-cbu if permitted by used of 
; ;morphs-to-cats-prefix 
I thesaurus'thesaurus-full)) 

(if handle-morphs 
(handle-morphs 
n-range 
pos-1-list 
pos-2-list 
directory 
transcript-file-prefixes 
corpus-prefix 
: make-morphs-files make-morphs-£iles 
: segment-corpus se叩uent-corpus
: make-morphrec s-inclexed-a nd-sor ted make→ uorp hrec s-indexed-a ncl-sorted 
: make-rnorph-coocrecs-inclexed make-rnorph-coocrecs-inclexed 
: rnake-morph-coocrecs-sortecl makeーmorph-coocrecs-sor tecl 
: resort-by resort-by 
, separators separators 
: db-pos-display db-pos-display 
: threshold thresholcl 
threshold-key threshold-key) J 

, , If MORPHS-TO-CM'S prefix is provided, a pre-mncle MORPHS-TO-CATS file is to be used 
; ; In this case, do not make new mapping between morphs and cats; 
; ; instead, use pointer (MORPHS-1'0-CATS-PRSCIX) lo pre-made one. 
1 ;Else do make new mappings, using CORPUS-PRSE'IX to 11n111e it. 
(if (null morphs-to-ca ts-prefix) 

(let ((pos-list (unio11 pos-1-list pos-2-li.st))) 
I format t .,~,Handling morphs-to-cats-ancl-cats-toーmorphs.")
(Handle→ uorphs-to-ca ts-a ncl-ca ts-to-morphs 
pos-list directory corpus-prefix , thesaurus thesaurus) 

(setq morphs-to-cats-prefix cor.pus-prefix))) 

(if handle-cats 
(handle-cats 
n-rangc 
pos-1-list 
pos-2-list 
directory ; like "-/sucvcy/j ap/c1'l ta/" 
corpus-prefix ;like "la. lb" 
morphs-to-ca ts-pェcfi:c ; ≪ 
, nwkc-ca trees-sorted make-ca trees-sorted 
: make-ca trees-indexed make-ca trecs-indexc,cl 
: make-ca t-cooerccs-sor tee! make-ea t-eoocrces-so c Led 
: make-ca t-cooerecs-indexccl milkc-e a t-coocrccs-i. ndcxccl 
: threshold threshold 
: threshold-key threshold-key 
: thesaurus thesaurus) J) 
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DATE 

TIME 

TEXT 

719 ! transcript-file-prefixes ．．．．．．．．．．．』
720 ! corpus-prefix ................. 
721 I ···•······ バ．．．．．．．．、

・・・・・・・・・・・ 
722 ! ．．．．．．．．、
723 ! 

; ・・・724: ·····•············ 725 1 ..........~........... 
726; ・・・・・・・・・・・・・・・・・・・・、727 i ＂．．．．．．．．．．．．．．．．．．．．．， 

728 i ．．．．．．．．．．．．．．．．．．．．．．． 
729 ! (resort-by'hit-count) 

・・・・・・・・・・・・・・・・・・・・・・ 730 ! ...................... 
731 , ｛ 

(separators'(END-OF-TURN)) 

..................... , (db-pos-clisplay'english) 
732'(threshold 0.1) 

・・・・・・・・・・・・・・・・・・・・ 733 ! 
I 

(threshold-key'conditional-probability)) ．．．．＂．．．．．．．．．．．．．．．． 
734 i 

．．．．．．．．冗店・・: ; ; MAKE . MORPHS FILES ............... 
736; 

l 
(if make-morphs-files 

·••··············•· 737 ; (make→ norphs-files-from-transcript-files directory transcript-file-prefixes I I 

□ ?Ii¥! 
739 [ ; ;SEGMENT CORPUS ................. 
740 ! ．．．．．．．．．．．．．．． (if se叩nent-corpus．．．．．．． 
741 i (se叩nent-transcr ipt-f iles-wi th-files ．．．．．．．．．．．．．．．．． 
742 i directory corpus-prefix transcript-file-prefixes , separators separators)) .....................』
743 ! 

···744• ; ・ ・MAKE MORPIIRECS-INDEXED-AND-SORTED 
・・・・・・・・・・・・・・・・・・・・・ l " 

745 I (if make-morphrecs-indexed-and-sorted ．．．．．．．．．．．．．．．．．．．．． 
746 I (makeーmorphrecs-indexed-and-sorted→ rith-files ．．．．．．．．．．．．．．．．．．．．．．．、
747 ! L 

directory corpus-prefix , db-pos-display db-pos-display , resort-by resort-by I I ......... 
748, ．．．．．．．．．．．．．．．．． 
749 ! 

L 
・ ・MAKE MORPII-COOCRECS-INDEXED ·•·•··••············· 750; ヽ
,, 

•.•.••..• グsT! (if make→ norph-coocrecs-indexed 
(make-morph-coocrecs-indexed-wi th-files ................ 

752 ! 
・・・・・1衰 i

n-range pos-1-list pos-2-list directory corpus-prefix 

・rs4i 
: clb-pos噸 isplaydb-pos-display , threshold threshold , thresholふ keythreshold-key)) 

・75炉；；MAKE MORPII-COOCRECS-SORTED ．．．．．＂．．．．．．．．．．．．．．．． 
756 I 

I 
(if make-morph-coocrecs-sorted 

······•·············· 757 ; (make-morph-c oocrec s-sorted-with-files 

.•..................... , ・・・・・・・・fs・s・・・1 n-range pos-じ listpos-2-list directory corpus-prefix 

L 
759 ! ,clb-pos-display db-pos-display , threshold threshold , threshold-key threshold-key) I) ....................... 
760; 
761 ; (clefun handle-morph-comparisons (clirec tory corpus-prefix-1 corpus-prefix-2) 

(compare-morphrecs-sorted directory corpus-prefix-1 corpus-prefix-2) 
(compare-morph-coocrecs-sorted directory corpus-prefix-1 corpus-prefix-2)) 

,like ("la-,¥.'C'奴" "lb-AMt;X") 
; like "la.lb" 

&key 
(make-morphs-files t) 
(seg,,,en t-corpus t) 
(make-morphrecs-i.ndexed-ancl-sorted t) 
(make-morph-c oocrec s-indexedり
(make-morph-coocrec s-sorted t) 

(de fun handle-morphs-to-ca ts-and-ca ts-to-morphs 
(pos-list directory corpus-prefix &key (thesaurus'thesaurus-full)) 

(make-morphs-to-ca ts-with-files 
pos-list directory corpus-prefix , thesaurus thesacu:us) 
(make-cats-to-morphs-with-files directory corpus-prefix , thesaurus thesaurus)) 
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, like " -/sttrvey/j ap/data/" 
; like "la.lb" 
；（＜ 

&key 
(make-ca trees-soェted t) 
(make-ca trees-indexed t) 
(make-ca t-coocrec s-sorted t) 
(111ake-ca← coocrecs-indexed t) 
(threshold O .1) 
(threshold-key'concli tional-probabili ty) 
（しhesaurus'thesaurus-full))

, , MAKE CATRCCS-SORTED 
(if 111ak缶 catrec_s-sortecl

(progn 
(for111at t .. -,Making catrecs-sorted.-%") 
(111ake-ca trees-sor tccl-wi th-files 
directory corpus-prefix morphs-to-cats-prefix 
thesau.rus thesaurus))) ; (c 

, , fJASE C/¥1'RECS-INDEXED 
(if makc-catrccs-inclexcd 

(progn 
(format t .. -.,Makin9 ca trees-indexed.~•" I 
(make-ca trncs-indcxed-wi th-f ilcs 
directory corpus-prefix))) 

,、MASJC CAT-COOCllJCCS~ INDEXED 
(if make-ca t-coocrccs-inclcxcd 

(progn 
(format t "-'<Making cat-coocrccs-i.ndcxcd. -, .. I 
(make-ca L-coocrccs-i ndcxcd-w i th-f llcs 
n-r,1ngc pos-1-list pos-2-list di.rectory corpus-prefix morphs-to-cats-pm[ i.x : ≪ 
: thresh<> lei threshold 
: threshold-key thrn;,hold-key 
: thesaurus thcsaurns 11) 

, ： MAKta C/¥1'-COOCl1"CS-SOJ1'l'Jm 
(il make-cat-coocrccs-sortcd 

(progn 
(format t .. -.,Making cat-coocrccs-sorted. ~, .. I 
(make-ca t-coocrecs-sorted→ 1ith-files 
clirectory corpus-prefix 
: thrcshol.cl thrcsholcl 
・thresho.lcl-kcy threshold-key 1111 

824 i ............. (c!ef,111 hancllc-cat-cornparisons (directory corpus-prefix-1 corpus-prc(ix-2) 
825 I (compare-ca trccs-sorヒcddirectory corpus-prefix-1 corpus-prefix-2) 
826, (compare-c,1t-coocrecs-sortec! directory corpus-prcfix-1 corpus-prc[ix-2)) 
827 ! 
828 i 、・;;;;;;;;、・;;;、・;;;、・；、．，・；，・； I I I; I; I I I I I I I I I;;;; I I II I;;;;; I I I I I I I、・;;;;;;;;、、，・;;;;;;;;、，、、ヽ "'
829 i ; ; ; I I. il. MORPIIR!aCS ............. 
830 ; ，．，・；；，・；、．，．，．，・；；；；；；；；；，・；、・；；；；，・；，・；；；；；；；； ;;;;、・1111111、・1111、・1;1111;;1;;11、・;;、・;11;1111,・；，・；；；；
831 i .... . ・・...
832 ; ・、．，・；aa  aaaaaaaa a aa  aaaaaaa二 aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

．．．．．．．．．． 
833 i ; ; ; II. 8.1. DEf'INING MORPIIREC DATASTRUCTIJRC 
834 j ; ; 1aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

835 i 
836 i ..... , (clefvar•morphrec-elements• ........ 
837 ; 'I I lex D) 
838; (pas l) 
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TEXT 

839 i ..... ●● ""'●● ....... 

840 ! .......... , ● ...... , .. 

841 l ....... .. 訊Tl
...............、
843 l .... , ● ................. , 

844; .............. ● ...... , 

845 ! 
846; ....... , ●● .. ●● ....... , 

847 ! , .... , ................. , 
848; 

..................... ヽ9

.... 849 ! 
850' ...................... , (de fun make-morphrec (lex pos) 
851 ; .... , ●●● ● ............ , .. 

(let ((morphrec 

852 i ”● ●●● .. , .. , ● ...... .. 
(loop for element in *morphrec-elements* collect nil))) 

......... 85} ... / (Se図 I11orphrec (put-morphrec-element morphrcc'lex lex)) 
854 i .................. (setq morphrec (put-morphrec-element morphrec'pos pos)) 
855 , 

，．．．．，．．ぺ..….... , ●●; 
morphrec)) 

856; 9●● .... ● .... ●● .. , ●●● : 

857 ! ....... s.sK・' ；；；くくFirstposition is zero, not 1. 
, ...................... ; (defun get-morphrec-element-position (eleme1>t-na111e) 
859 i ........... .. (second 
860; .......... .. ュ.. , .... , (assoc el臼 nent-name *morphrec-elements*))) 

(seg,11ents 2) 
(hit-count 3) 
(morph-se叩11ents-count4) 
(occur-in-segn1ent-probabili ty S) 
(occur-in-seg,11ent-informa tion 6) 
(occur→ in-seg,11ent-probabili ty-smoothed 7) 
(morph-unigram-probability 8) 
(morph-unigrain-in formation 9) 
p11orph-unigram-probabili ty-smoothed 10) 
(thesaurus-entries 11))) ; <くく

(de fun get-morphrec-element (morphrec element-name) 
(let ((position (get-morphrec-element-position element-name) 11 

(nth position morphrec I 11 

(defun putーmorphrec-element(morphrec element-name value) 
; ;; Using copy-list, not the more general copy-tree 
(let ((morphrec-copy (copy-list morphrec)) 

(position (getーmorpltrec-element-positionelement-name))) 
(setf (nth posi ti.on morphrec-copy) value) 
morphrec-copy)) 
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(defun add-morphrec-element (morphrec element-name value) 
(let ((morphrec-copy (copy-list morphrec)) 

(old-value (getーmorplu:ec-elementmorphrec element-name)) 
(new-value nil) 
(position (get-morphrec-element-position element-name))) 

(if (not (listp old-value)) 
(error "old value not a list") 
(progn (setq new-value (adjoin value old-value , test I'equal)) 

(setf (nth position moエphrec-copy) new-value))) 
morphェec-copy))

'',==================================================================================== 

,;;Takes E池 JI transcript file, converts to .morphs file, 
;; 1 similar to a tr dialogue database format. 
;;;Adds end-of-turn lines. 
;;;Can handle output of Kitagawa's origami program, 
;; ;which inserts pause information. 
;;;(はい f町月句）

. ;;;(人工知翫学会国際会議事務局感動詞）
895 ; ; 11(で NIL)
896; 
897' 

.................. ,, ・；；（す固有名詞）
................. I ; ; ; (END-Q← TURN) 
898 I ......... 紹j'ij.. , 111(あ NIL)

..................... , ; ；； (PAUSE 0. 3221 nil) 

....... QQ.Q.; Ill (あの一 NIL)
901 ; ..................... , 111(PAUSE 0.5399 NIL) 
902 I ..................... 111(えつと NIL)
903 ! 、•、·1Errors are inclucled as 

、....99.4・・:111((こう） NIL) 
905 .. l 111but a認 uichiin curly brackets are omitted. 

; ;;Preprocess hesitations like *AIZUCHI•, then expand into multiple lines 
; ; ; during post-processing. 
111Ignores empty lines in transcript file 
; ； 1S'RANSCRIPT-FILES is list of filenames without suffixes. 
(de fun make-morphs-files-from-transcript-files (directory transcript-file-prefixes) 

(loop for transcript-file-prefix in transcriet-file-prefixes do 
(let ((transcript-file (format nil "ぷA"directory transcript-file→ prefix)) 

(morphs-file (format nil ,.-ぷA.morphs" directory transcript-file-prefix))) 

;;Make .lUOエ蝕s file from transcript fi狂
(format t "•converting to db format, s" morphs-file) 
(make-morphs-file-from-transcript transcript-file morphs-file)))) 

(defun make-morphs-file-l'rom-transcript 
(i11pt1t-file output-file &key 

(db-pos-clisplay'english) 
(filter-ilizuchi?'t)) 

(with-open-file (output-stream 
Oli tpll t-file 
: cllrcction ,output 
: i.J:-cxists , new-version 
: i(-cloes-not-cxist , cren te) 

(with-opcn-J:ilc (i.nput-strearn input-file ,direction , input) 

(cl<> ((line (rc,,d-.1.lnc inpuヒーstccamnl.l 'cof) 
(rcad-li.no input-sしreamnil'co f))) 

((eq line'co[) し）

,,-If J.i.nc gave crnpヒy string (null or only spaces) do nothrng --
; 1go around again and read another line. 
(if (not (empty-st.cing? line)) 

1; Compute FI L'rERED-MORPl!S-WI'rll-CODES. 
、•,-In order to match codes one-to-one, we filter 
11p~uses and errors. Note that aizuchi and hesitations re111<1 in, 
; ; srnce しhey have part of speech codes 
(let• ((rnorphs 

,. ;Calls FILTER-LINE-STRING, which turns most punctuation into space 
11But round, curley and square brackets (errors, aieuchi., hesitations) hecomeエoundbrackets, 
; 1ie lists. And aizuchi and hesitation lists are marked using 責 aizuchi• or•hesitatLon• 
11 as first element. 
(1'reak-line-into-syt11bols liue)) 

,., ≪removes munbers 
(morphs-minus-pauses (remove-numbers-from-list morphs)) 
(filtered-morphs 
；；くく<removeslists other than aizuchi or hesitations 
(remove-errors-from-list morphs-minus-pauses)) 

(codes nil) 
(filtered-morphs-with-codes nil)) 

11Check for missing transcript line. 
(let ((first-element (first filtered-morphs))) 

(if (null first-element) 
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(progn 
(format t ,,-%line, ~s" line) 
(format t ,,-,filtered morphs, -s" filtered-morphs) 
(error "Missing transcript line? Filtorecl-morphs contained only numl!ors.")))) 

, , Read lines until code line is found, ignoring empty lines. 
(loop until codes do 

(let ((line (read-line input-stream nil'eof))) 
(cond ((and 

(stringp line) 
(not (empty-string? line))) 

(setq codes (break-line-into-s'jlubols line I 11 
((eq line'eofl 
(error "Missing code line at end of file."))))) 

, ;Check for missing or bad code line. 
(if (not (nwnberp (first codes))I 

(progn 
(format t ,,~Hine, -s" line) 
(format t ,,~もcodes, -s" codes) 
(error "Missing codes line? First element of line is not a number." I)) 

(let ((filtered-morphs-length (length filtered-morphs)) 
(codes-length (length codes) I) 

(if (not (equal filtered-morphs-length co~e~-lengthl) 
,,~ -~ ~ ~ ~ ~ (progn (format t %filtered-morphs, s もlength, s %codes, s %length, s %" 

filtered-morphs filtered-morphs-length codes codes-length) 
(error "Not equal lengths." 111) 

, ,Replace code numbers with English or Japanese s四 bolsif required 
I loop for filtered-morph in filtered-morphs do 

(case db-pos-display 
（（ Japanese) 
(setq filtered-morphs-with-codes 

(cons (list filtered-morph 
(get-code-j apanese-S'fl'1bol (first codes)'•pos-table• I) 

filtered-morphs-with-codes)) 
(setq codes (rest codes))) 

((english) 
(setq filtered-morphs-with-codes 

(cons (list filtered-morph 
(get-code-english-s'jlnbol (first codes)'•pos-table')) 

fil terecl-morphs-wi th-codes)) 
(setq codes (rest codes))) 

((number) 
(setq filtered-morphs-with-codes 

(cons (list filtered-morph 
Jfirst codesl) 

filtered-morphs-with-codes)) 
(setq codes (rest codes) 11 

(t (error "bad db-pos-display value" I))) 

(setq filtered-morphs-with-codes (reverse fil tered-morpbs-with-codes) I 

; ； Now loop thru original, NON-FILTERED morphs. 
(loop for morph in morphs do 

(cond 
; ; Pauses (numbers) and errors (lists without " identifiers) go to output 
; ； as (XX NILi, with NIL showing that there is no code. 
((or (nrnnberp morph I 

(is-error? morph I) 
(format output-stream "(-s ~s1~,,, morph nilll 

I 022 i ................. , 
1023 i ．．．．．．．．．．．．．．．．．． ;;But real morphs、aizuchi, and hesitations do have codes, 
I 024 I ................... ; ; so we print from (and maintainl FILTERED-MORPHS-WITH-CODES 
I 025 ; .................... , ; ; instead of from original morphs. 
I 026 i (t 

1027 i ・・・・・・・・・・・・・・・・... , (format output-stream ,,-s―%" (first filtered-moェphs-with-codes) I 
I 028 ! ................. , (setq filtered-morphs-with-codes (rest filtered-morphs-with-codes I)))) 
1029 i 
I 030 ! ...................、 ; ； This is the end of one transcript line representing one turn, so 
I 031 l ; ； aclcl END-OF-1'URN, e:<ccpt if line was empty clue to error in input file. 
I 032 ! 

I 
I if morphs (format output-stream " (end-of-turn I-," I))) I) I 

1033 ．．．． 

I 034 I .................... , ; ; Post-processing. 
J..93.5 .. .J ;;Acld "pause" before munbcrs 
1036; ; ; Omit symbols'AIZUCHI'and•l!ESITATION• 
I 037 ! ; ; Filter AIZUCIII lines unless explicitly preserved. 
I 038 i 

··•·············· ヽ
; ; Expand IIESI1'/¥TIONS and preserved /¥TZUCIII, giving one output line for each separate sy1J1ilol. 

I 039' .. 1 (let ((morphs (read-loop output-fi.le)I 
I 040・ ......................) 011tp11ヒ1
I 041 I (if (probe-file output-file) 
1042 I (delete-file output-file I I 
I 043 ; (loop for morph in moq>lw do 
I 044 ; (concl ((numberp ((i.rst morplrl) 
I 045 ! (setq morph (cons'p,111se morph I) 
I 046 r ............... , (setq output (cons morph ottlpuヒ）））
I 047 . 
Tb4SI 

((and (consp (first morph)I 
(equitl. (first (first morph))'•A!Zl!Clll'11 

I 049 I ; ； Dy def1111lt, F!LTEII AIZIJCII[ ,,t this叫迅gc.
I 050 ! (if filtcr.-aizuchi? 
I 051 ! .......... , nil 
I 052 I (let ((cxpa11sio11s (cxp,t1td-hcslt11Lio11s-or-<1L,.11chl. mar.phi 11 
I 053 ! (loop for exp、111sio11 i.11 cxp11nsl.011s do 
I 054: ........... (sclq 011 tput (co11H cxp,,no Ion ou tpuし））））））

」..9.5.SJ ((and (consp (firstmocphll 
1056 rosrl (equal. (first (first morph))''111•:SI'l'c\'l'!ON•)I 

................ , 〈let ((cxpit11sio11s (cxpa11d-hcsltatio11s-or.-aizuclti. morph I 11 
1058 ! (loop for exp,,nsion in cxpitnsions clo 
1059 1 .......... (S!ll!j output (colic; cxpnnsioll outpuし）））））

1060' (t (sctq output (co11t1 morph outpull)) I I 
1061 i (write-loop (reverse 011tput1 output-file))) 
I 062' ................ , 

.」Q6}」;；； Recieves entire morph, e.g. II•!!ESl'l'A'l'fON• ettou anott) 90) 
I 064 I ................ ; ； ; Eliminates id S'flllbol, then makes one li.nt1 for each item, e.g. 
I 065 , ; ;;llettou 90)liuwu 90)1 
I 066; (def1111 expand-hesitations-or-aizuchi 1morphl 
I 067 ! ... (let ((hesitations-or-aiwchi I rest I fi c,st morph) I I 
1068 I (cocle-or-s'j111bol (first I rest rnorph)) I) 
I 069 , ....... , (loop for item in hesitations-or-i!lzuchi collect 
I 070 i I list item code-oc-s'j111boll 11) 
I 071 I 
I 072 . ! I clefun is-error? (element) 
1073 I .................... , I and (consp element) 
I 074 I (and 111ot 1equal lfirst elementl "ai・wchi'I) 
I 075 ! ....................... 11wt (equal (first elementl' 、 hesitation• 111) I 
1076 I ............. 
1077・・ .......... , (defun break-line-ioto-s'jlnbols lline-・stri1191 
1078 ! (if (stri119p line-string I 
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FILE 

cooc.lisp 
12/22/94 

2:03:15 am 

PAGE# 

10 

TEXT 

(let• ((filtered-line-string (filter-line-string line-string)) 
(filtered-line-list (string-to-list filtered-line-string))) 

filtered-line-lisヒ）
line-stri.11g)) 

(deftm remove-errors-frorn-lis t (list) 
(let ((output nil)) 

(loop for x in list do 
(if (not (is-error? x)) 

(setq output (cons x output)))) 
(reverse output))) 

(defun string-to-list (string) 
(let (output) 

＂＂．．．．ふぷ.. ぇ..., 
(with-input-from-string (my-stream string) 

1101 i ...... ….... い.... (do ((current (read my-stream nil'eof) 
110;('; ...................... (read my-stream nil'eof))) 
1103 i ........................ ((eq current'eof) t) 
1104 i ．．．．．．．．．．．．．．．．， (setq output (cons current output)))) 
1105 ; ........................ (reverse output))) 
1106; 

.. TTbf' ............... .. ; (de fun filter-line-string (string) 

.... J.」Q釦 (if (stringp string) 
1109; .............. .. (let* (output 
11.10 1 (beheaded-string (behead-string string I¥: )) ;<くくくく

(list (coerce beheaded-string'list))) 
(loop for e in list do 

(cond ((or (alpha-char-p e) 
(eq I¥ : e) ;rornaJ1 punct 
(eq I¥* e) 
(eq IV  e) 
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(eq I¥ e) ；くくくkanJ1 space 
(eq I¥: e) 
(eq IV  e)) 

(setq outpu七 (cons !¥Space output))) 
((eq I¥ (e) 
(setq output (cons I¥ (output))) 

; ； aizuchi (hai J appears as (•aizuchi• haiJ 
((eq I¥ (e) 
(setq output (cons I¥(output)) 
(setq output (append (reverse (coerce "'AIZUCHI"''list)) output))) 

; ; hesitation [anou ettou] appears as ('hesitation• anou ettou) 
((eq I¥ [ e) 
(setq output (cons I¥ (output)) 
(setq output (append (reverse (coerce "•HESITATION•" 'list)) output))) ; <くく

((or (eq I¥) e) 
(eq l¥l e) 
(eq I¥ e)) ;≪ 

(setq output (cons I¥) output))) 
(t (setq output (cons e output))))) 

(coerce (reverse oc,tput)'string)) 
string)) 

(de fun behead-string (string end-of-head-char) 
(if (striugp string) 

(let ((position (position encl-of-head-char string , test I'char-equal))) 
(if position 

(subseq string 
(1+ position) 

.............. , ..... , (length string)) 
1147 ! string)) 
1148 i string)) 
1149 i 
..... i .. f','d'"i .. ・==================================================================================== ..................... , " 
I 151 ! 

""'iTsi1 
; ；； II, B. 3. SEPARATING SEGMENTS 

： ・・・========================================================""===========•
I I 53 ; 

''TT54'"' 
, "TTss, 

, (defun segiuent-transcript-files-with-files 

．．．．．．．．．．．．．．．．．．．．．．．； (clirectoェy corpus-prefix transcrie兌file-prefixes&key (separators'(END-OF-TUHN)) (make-morphs-files nil)) 
1156, (let> ((segments-file (format nil " A A. segments" directory corpus-preEix)) 
I 157 ! (segment-transcェipt-files-results
1158, (segment-transcript-(iles directory transcript-file-prefixes , separators scpa ra tors , makc-morph.s-E i.le.s make-morpl1s-(ii.es)) 
I 159 ; (all-segments (first segment-transcript-files-results)) 
1160 ! .................. .. (discourse-final-segments (second se叩nent-transcrl.pt-files-results)))
J 161 I 

'TfiiI! 
(write-to-file-no-pp (list all-segments discourse-final-segments) segments-file))) 

Ti翁'........................ : (def:un segment-transcript-files 
1164 I (directory transcript-file-prefixes &key (separators'(END-OF-TURN)) (nwkc-morpll.s-f ilcs ni..l.)) 
I 165 , ................... , (if make-morphs-files 
1166'・; (make-morphs-files-from—transcript-files directory tr<>nscript-fi.lcl-prefi.xcs)) 
1167 i .................... 
1168 i ..................... (let ((all-segments nil) 
1169 ! (di.scoursc-final-segments nil)) 
) 170・1 ....................' ; ; Assume morphs files are complete. 
1171"' ... iTo/;(! ; (loop foェtrnnscript-file-prcfi.x in transcェipt-filc-pre(ixesdo 

(let ((morphs-file (format nil,,~応 A.morphs"di.rectory transcri.pt-filo-prof:i.x))) 
I 173 ! ...................... 
1174' 
Tfisi 

; ； sepnrate .morphs file into scgmc~ts 
(format t "―%separating segments, s" morphs-file) 

1176, 
, TT'/グl

(let ((segments 

TT1's! 
(separate-segments morphs-file 

・rT?g・: 
: separators separateェ5)))

"TTi¥6i 
(setq all-segments (append all-se叩nents segments)) 

.................. , (setq cliscourse-final-segn1e11ts 
1181 ! 
"TTs2・1 

; ; first segment is 1, not O 

"'f「83; 
(cons (length all-se伊nents)

.................. .. discourse-final-segments)) l)) 
1184 ! (format t "―%SEGMENT-TRANSCRIPT-FILES completed. %NUMBER OF SEGMENTS, ―s -%DISCOURSE-!'INAL-S!aGM!aNS'S, . s" 
I 185 ! (length all-segments) discourse-final-segments) 
1186; (li.st all-segments discourse-final-se叩nents)))
1187 ! ..................... 
1188. ; (defun separate-segments (input-file &key (separators'(I。 I≫>
1189, (let• ((input (read-loop input-file)) 
1190 ! ．．．．．．．．．．．．．．．．．．．．．．．』 this-segment 
1191• 
.TT92'1 

se叩11e11ts)
(loop for morpheme in input do 

1193 i ....................、 (let ((morph (first morpheme))) 
1194; ...................... , (setq this-se9111en t (cons morpheme this-se叩uent))
I 195 , ....................... (if (member morph separators) 
1196 ! ..................... , (progn (setq se叩nents
1197, 
fTgs i 

(cons (reverse tllis-segment) segments)) 
(se区q this-segment_ nil))))) 



LINE# 

1199' (reverse segments))) 
1200・ ..... 
1201 I 

I 
... ==================================================================================== 

'"fibi"j ; ; ; I I. B. 4, MAKING CIRST DRAFT OF MORP!!RECS-INDEXED, SORTING MORPHS BY POS (PART oe SPEECH) ............... .. 
1203; ;;;~~~ ............... .. 
1204 i 
1205 I (def un make-morphrecs-inclexed-and-sorted-with-files .......... 
126百! (directory corpus-prefix &key (db-pas-display'english) (resort-by'hit-count)) 

1207・ 
.... , 

............... , 
1208 j ; ;Sort corpus by pos, where each POS-RECORD shows segments for eacb lex. ................... 
1209 I ; ;PRELIMINARY MORPHRECS-INDEXED is made during this sorting process 
1210 i ................ 
121 I' 

， ; ； It is then AUGMENTED and RESORTED, 
～ ～  

: (let• ((seg,≫ents-file (format nil " A A.so叩≫ents"directory ................... 
1212 i corpus-prefix)) .................. , 
1213; (seg,nents-info (read-from-file seg,nents-file)) 

(all-seg,nents (first seg,nents-info)) 
(discourse-final-segments (second segments-info)) 
(sorヒーresults
(sort-corpus-by-pos all-segments 

: db-pos-display db-pos-display 
: return-extra-info? t)) 

(all-seg,nents-count (first sort-results)) 
(corpus-length-in-morphemes (second sort-results)) 
(nwuber-of-different-morphemes (third sort-results 11 

; ： PRELIMINARY NORPHRECS-INDEXED 
(rnorphrecs-inclexecl (fourth sort-results I) 

、,; AUGMENT NORPHRECS-INDEXED 
(aug,nent-morphrecs→ indexecl-resul ts 
(au叩nent-morphrecs-indexed
rnorphrecs-indexed 
all-seg,uents-count 
corpus-length-in-morphemes 
ntm1ber-of-different-morphemes 11 

(au叩uented-morphrecs-indexed (first au叩uent-rnorpl江 ecs-indexed-results)I 

; ； RESORT MORPHRECS-INDEXED 
(resorted-augmen ted-morphrecs-indexed 
(resort-morphrecs-indexed aug, 吟 nted-rnorphrecs-indexed ,resort-by resort-by)) 

; ； RETRIEVE MORPHRECS-SORTED 
(morphrecs-sorted (second augn氾 nt-moェphrecs-indexed-results))
(resorted-morphrecs-sorted (soェt-morpl1ェecsmorphrecs-sorted resort-by I I 

; ； get morph-unigram-entropy (presently using raw, not smoothed probabilities) ...................... .. 

1245'(morph-unigram-entropy 
1246' 

， 
................. ! (round-to-n-digits 
1247 i (get-morpl江 ec-element-entropy'rnorph-unigram-probabili ty'morph-uuigr am-inforrna tion ................... .. 
1248 ! morphrecs-sortedl 
.Ti西! •significant-digits•))) ............... , 
1250 i ................... , 
1251 i (format t ,,-%ALL-SEGMENTS-COUNT, ~s~訳CORPUS-LENGTH-IN-MORPHEMES, -s-iNUMBER-OF-DIFFERENT-MORPHEMES, -s-も＂

12521 all-se叩uents-couutcorpus-length-in-morphemes uumber-of-differen t-morphemes) .................... 
1253 ; " "  ...... , 
1254 ! (let ((morphs-global-file (format nil ,,-ぷA.morphs. global" directory corpus-prefix)) 

....... .. fi'i'S ... ! (morphrecs-indexed-file (format nil ,,-ぷ・A,morphrecs.indexed" directory corpus-prefix I I 
1256 ; (morphrecs-sorted-file (format nil "-A-A. morphrecs. sorted" directory corpus-prefix I 11 ........... .. 
1257' ............ , 
1258 i ; ;Save MORPHRECS-GLOBAL .......... 
I 2 59 ; (if (probe-file morphs-global-file I ......... 
1260 ! (delete-file morphs-global-file I I 

"1iis'f"j ............、
1262 i (smart-format morphs-global-file ,,~,~s" (list'all-segments-count al1-se9ments-count11 ....... ..... , 
1263 ; ........... (smart-format morphs-global-file "文s" (list'cliscourse-final-se叩uentscliscourse-final-segmeutsl I 
1264; (smart-format morphs-global-file " % s" (list'corpus-length→ in-morphemes corpus-length-in-morphemes) I 
Ti65"'1 (smart-format morphs-global-file "-, -s" (list'number-of-clif ferent-morphemes number-of-clifferen t-morphemes I I ....... 
1266 j 

～～  
(smart-format morphs-global-file " i s" (list' morph-unigram-entェopymorph-unigram-entropyl I 

1267 l ........... 
1268 ! ;、・SaveMORPJIRECS-INDEXED 
1269 ! 

～ ～  
(format t "Writing to s ,,, morphrecs-inclexccl-filel 

1270, ， 
, (write-to-file-no-pp resorted-au叩nented-morphrecs-inclexecl morphrecs-indexed-file) ........... 

1271' 
1272 i ; ;Save MORPJIRECS-SORTED ....... 
1273 

- . 呵

〈formatt "Writing to S %" morphrecs-sortccl-filcl 
1274 (write-to-file-no-pp rosortecl-morphrecs-sortocl morphrecs-sortecl-filcl 11) .......... .. 
1275 
1276 (de fun sort-corpus-by-pos (list-of-seg,≫en ts &key (clb-pos-display'english I (return-ox tra-in fo? nil)) 
1277 (format t"―isorting entire corpus by pos" I 
1278 (let ((morphrecs-indexcd 
1279 (loop for p in•pos-table• collect 
1280 (list 
1281 (case clh-pos-displ,1y 

1282 ((number I (first Pl I 

1283 ((english) (fourth Pl) 
1284 ((japancse (soconcl p)III 
1285 nil I 11) 
1286 
I 287 ; ； Foe every so<Jmcnt, for every morpheme, put it ln !:he right 

1288 ; ; ,,ui>list, wiし，hrecord of the ac9mcnt i.t w,1s found i.n 
"" 1289 (J.c•t ((all-segments-count 0) ．．．．． 
I 290 (coqn,s-lcngth-in-morphcmcs O I 
1291 (number-o f:-di (fcrcnt-morphcmes O 11 
1292 (loop for segment in list-o(-segmon ts do 
1293 (format ヒ".")
129.1」 (setqall-segments-count (l+ all-segmcn屈 ・counし））

1・29 s・(loop  for elcmen t in scgrncn t do 
I 296 (setq corpus-length-in-morphemes (l+ corpus-length-in-morphemes I I 
1297 I ! (let• ((element-lex (first clcmcnll) 
1・293・"! (element-pos (second clement) I 
f'zg'g'"! (new-pos-recorcl nil I I ......... , 
1300 ! (if eloment-pos 

1301 (let- ((old-pos-recorcl 
1302 (assoe element-pos morphrces-indexcdl I 
1303 (old-pos-record-lcx-1 is t 
I 304 (second old-pos-recorcl I I 
1305 (old-pos-recorcl-rnorphrecs 
1306 (thiェdold-pos-reeorcl I 11 
1307 (if (not (member element-lex old-pos-record-lex-list1 I 
1308 ; ;This lex has not been recorded till no,r, so 
I 309 ; ; acid new morphrec to old-pos-recorcl-morphrecs 
1310 (progn 
I 3 I I (setq nrn11ber-of-differon t-morplwmes (l+ number-of-differentーmorphemes11 
1312 ; ; ((CREATION oe MORPIII/EC 
1313 (let• ((new-morphrec (make-morph rec element-lex element-pos1 I) ... .. 
1314 (setq new-morphrec 
I 31 5 (put-morphrec-elemen t new-morphrec'segments (list all-se叩uents-count)))
I 3 I 6 (setq new-morphrec .ヽ.......
1317 

"" 
(put-morphrec-elemen t new-morphrec'hit-count 1)) 

I 318 ! (setq new-I'_os-recorcl 
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DATE 

TIME 

(list element-pos 
(cons element-lex old-pos-record-lex-list) 
(cons 
new-morph rec 
old-pas-record→ norphrecs))))) 

; ;Else this lex has been recorded already, 
; ； so ADJOIN se叩uentmm,ber onto SEGMENTS part of morphrec. 
; ; That is, cons it if it is not already there. 
; ； Thus se91uent nwuber is entered for lex only once 
; ； even if it occurs more than once in that segn,ent. 
(let• ((morphrec-old 

(assoc element-lex old-pos-record-morphrecs)) 
；；くくIncrementtotal count. 
(new-hit-count (1+ (get-morphrec-element morphrec-old'hit-count))) 
；；くくUPDATINGEXISTING MDRPIIREC 
(rnorphrec-new-temp 
; ; Note ADD. 
(add-rnorphrec-element rnorphrec-old'se91nents all-segments-count)) 

(rnorphrec-new 
(put-rnorphrec-element rnorphrec-new-temp'hit-count new-hit-count)) 

(new-pos-record-morphrecs 
(subst 
rnorphrec-new 
rnorphrec-old 
old-pos-record-rnorphrecs))) 

(setq new-pos-record 
(list element-pos 

old-pos-record-lex-list 
new-pos-record-morphrecs)))) 

(setq 1norphrecs-indexed 
(sub st 
new-pos-record 
old-pos-record 
morphrecs-1ndexed))))))) 

13 .......... , ........ , 
1332 ! 
1333 I ・・rn4'・, .................... .. 
1335 ! ．．．．．．．．．．．．．．．．．．．．．．． 

1336 ! 
,i Hプi...................... 
1338 i ................. .. 
1339; ．．．．．．．．．．．．．．．．．． 

1340 I 
1341 i 

1342 i ..................... 
1343 i ...................... 
1344 ! .................... .. 
1345 i ...................... 
1346 l ...................... , 
1347 I ....................... , 
1.348 I T'l●●心!
1350 I 
・rgT・; ...................... , 
1352 ; 
T'ls'l! ・nぢ.4... , 
・Tg・s・・・, I 
...................... , ;;If keyword arg RETURN-EXTRA-INFO? is non-nil, return list as shown below. 
1356 I 
T'l51・; 

; ； Else, for compatibility with previous uses of this fn, 

・・・・r'l's1n 
; ； return only MORPHRECS-INDEXED. 
(if return-extra-info? 

1359 ! 
・・・r'l'i'>tn 

(list all-seg,≫ents-count 

·····i··'j'5·j•·1 corpus-length-in-morphemes 
...................... , nw11ber-of-clifferent-morphemes 
1362' .. T'l'命: morphrecs-indexecl) 

....................... morphrecs-inclexed)))) 
1364 i 

... T'l蒻..., .. ・==================================================================================== ....................''、
1366' ; ； ; II. B. 5. FIN ALI ZING MORPIIRECS-INDEXED, MAKING MORPHRECS-SORTED 
1367・, 

.... f'36ifi l /; ;==================================================================================== 

・T359・・1 
..... 「375・1; ; ; Receive morphrecs-inclexed with nil in most fields of lllOSヒmorphrecs.
.................... , ; ; ;Aug,nent each MORPIIREC and generate MORPHRECS-SORTED. 
1371' ・・・nr2・-, ';; ; く<Calculationof conditional probability, mutual information, etc. 

・・・r3n .. , ;;;≪is localized in this function. 
....................... ; (defun au叩nent-morphrecs-indexed 
1374' ・rns・1 , (morphrecs-inclexed 

...................... , all-segments-count 

...... LE.§... / corpus-length-in-morphemes 
1377 ! munber-of-different-morphemes) 

•• 

~~.~~"""~~“""""”"~~ 

．
．
 

t
盈
3
4
5
-
6
7
8
§
O
I
2
月
4
翌
6
f
8
§
o
l
2含
4
§
6
[／送^

4040"40.40"40い

40404040"41"41"41.41"4141.41

月
41
位
位
．
424242
位
42"42
代

・
_
＂
ー
・
ー

"
_
i
l
l
l
l
i
i
i
i
l
l
l
"
|．1
"
1
1
.
1
.
1
.
1
.
I
i
i
i
l
l

."""".""~"~""~.~~ 

~" 

ii~~iii"“"ii 

(let ((result nil) 
(morphrecs-sorted ni1)) 

1 1 Augment every preliminary morphrec in corpus. 
(loop for pos in morphrecs-inclexed do 

(let• ((pos-s四 hol (first pos)) 
(pos-morphemes (second pos)) 
(old-morphrecs (third pos)) 
(new-morphrecs 
(loop for olcl-n,orphrec in olcl-morphrecs collect 

(let• ((new-morphrec old-morphrec) 1 initialize newーmorphrec
(mor1 
(get-morphrec-elemen t olcl-morphrec'seginents)) 1 se叩nentsthis m appears in 

(morph-segments-count (length morph-se叩llents)) ;count of segments this m appears in 
; ; Of all segments in corplls, what proportion contain this morph? 
(occur-in-segment-probability 
(round-to-n-digi ts 
(/ (fl.oat morph-se叩nents-count)(float all-seginents-count)) 
•significant-digits•)) 

(occur-in-segment-in f:orma tion 
(round-to-n-cligits 
(log (/ (float l) (float occur-in-segment-p.rouahility)) 2) 
•significant-digits•)) 1くくlogbase 2?????? 

, ; Using l+ probability smoothing. 
(occu r-in-segmen t-prolrn bili ty-smoo th eel 
(round-to-n-cligits 
(/(+(float morph-scgments-count)(float l)) 

(+ (float 2) (float all-segments-count))) 
•significant-digits•)) 

(hits-this-morpheme (gct-mor.phrcc-clcmcn t ol.cl-rnorphr.cc'hil:-count)) 
(morphーしrni.gr,uu-pェobal1ility
(round-to-n-clj_gits 
(/ (float hi ts-th Ls-morpheme) (float oor.pus-J.ength-in・・mor.phcmc,i)) 
•si\1nificllnt-cli9its•)) 

(morph-unigrnm-in (ormntl.on 
(rouncl-to-n-cligi ts 
(log (/ (float 1) (float morph-unlgram-probabili.ty)) 7.) 
'significant-digits•)) 1≪log base 2?????? 

(morph-un igrnm-probabil i ty-smoothed 
(round-to-n-digi ts 
(/ (+ (float hits-this-morpheme) (float 1)) 

(+ (float corpus-longヒh-in-morphcmes)
(float number-of-different-morphemes))) 

貪 signifi.cant-digits•)))

, ; ≪AUGMEN1'A'l'ION 0>'MORPllllEC 
(set.q new-morphrec 

(put-morphrec-elemen t new-morphrec'morph-segiuen ts-count morph-scgments-counヒ））
(setq new-morphrec 

(pu t-morphrcc-elemcnt new-morphrec'occur-in-segmcn t-probability occur-in-segmen"t-prob1>hili ty)) 
(setc」new-rnorphrec

(put-morphrec-elemcnt new一mort>hrec'occur-in-segment-informationoccur-in-segmcn t-informa tion)) 
(setq newーrnorphrec

(put-morphrec-elemen t new-morphrec'occur-in-segment-probability-smoothed occur-in-segmcn t-probabili ty-smoo the 
cl)) 

(setq new-morphrec 
(put-morphrec-element newーmorphrec'morph-unigram-probability morph-unigram-prolrnbility)) 

(setg newーmorphrec
(put-morphrec-element new-morphrec'morph-unigram-informa tion morph-unigram-informa tion)) 

(setq new-morplirec 
(pu t-morphrec-element new-morphrec'morph-unigram-pro!Jability-sn,oothed morph-unigram-probability-smoothed))))) 



TEXT LINE# 

1438 ! ．．．．．．．．．．．．．．．． 

1439 ! 
... (new-pos (list pos-sy,nbol posーmorphemesnewーmorphrecs)))

................ , 
1440 i ................. 
1441 i 

·• 
．．．．．．．．．．．．．．．．．．．．．、

1442 l ............. 
1443 ! ...................... 
1444 i ．．．．．．．．．．．．．．．．． 

1445' 
．． 

................. , 
1446 i ... f', .. ,, ... , 

................... 

,,Add au叩nentedpos record to result 
(setq result (cons new-pos result)) 

;;Add augmented hit records to MORPIIRECS-SORTED 
(setq morphrecs-sorted 

(append new-morphrecs morphrecs-sorted)))) 

Ii ;After loop'return both augmented MORPHRECS-INDEXED and MORPIIRECS-SORTED. 
(list (reverse result) (reverse morphrecs-sorted)))) 

~ ・.============================================================• 
; ； , ・II. B. G. SORTING MORPHRECS-INDEXED AND MORPHRECS-SORTED 

I 45 2 ! ; ; ; ==================================================================================== 
1453 i 
”汀豆...i (defun resort-morphrecs-indexed .......... 
1455 ; (morphrecs-indexed ................... 
I 45 6 i &key (resort-by'hit-count)) ...................... 
1457 i ...................... ヽ (let ((result nil)) 
1458 ; (loop for pos in morpl江 ecs-indexeddo 

................ い.. 

1459 i (let* ((morphrecs (third pos)) ................... 
1460 i (morphrecs-sorted 

(sort-morphrecs morphrecs resort-by)) 1461 i ......... ・........., 
1462 ; (new-morph-list ........... 
1463 ; (loop for record in morphrecs-sorted collect (first record))) .................... 
1464 i (new-pos (list (first pos) new-morph-list morphrecs-sorted))) 
1465 i 

147 

(setq result (cons new-pos result)))) 
(reverse result))) 

(clefun sort-rnorphrecs (rnorphrecs element-name) 
(let ((position (get一morphェec-element-position element-name))) 

; ； LAMBDA means "test whether list-1 is greater than list-2 
; ; with respect to the elements at nth position" 
(sort morphrecs 

i'(lambda (listl list2) 
(if (not (nwuberp (nth position listl))) 

(error "can't sort, pointer to non-muuerical eleruent in morpl,rec") 
(> (nth position listl) (nth position list2))))))) 

1478 ; ・ ・ ・==================================================================================== 
1479 ! ;;; II.B.7. QUERYING MORPHRECS-SORTED 
f4ぷ〕 : .• ・====================================================================================
1481 i ..................、
1482 ; ; ; ;Collects list of e.g. MORP!I-UNIGRAM-PROBABILITY values over all morph records 
1483 i (clefun get-all-morphrec-elements 

1484 i (element-name morph.recs-sorted) 

1485 i (loop for morphrec in morphrecs-sorted collect 
1486 i (get-morphrec-element morphrec element-name))) 

1487 i 
1488 i ; ;、・Morphrecords contain pre-computed pairs like MORPH-UNIGRAM-PROBABILITY and MORPH-UNI GRAM-INFORMATION. 
1489 i ; ;，・This function gets the SUM OF THE PRODUCTS of these pairs OVER ALL MORPHS. 
1490 i (clefun get-morphrec-element-entropy (probability-element information-element morphrecs-sorted) 

1491 i (let'((probabilities (get-all-morphrec-elements probability-element morphrecs-sorted)) 
1492 ; (informations (get-all-morphrec-elements inforrna tion-element morphrecs-sortecl)) 

1493 i (products 
1494 I (loop for probability in probabilities and information in informations collect 
1495 i ('probability information))) 
1496 i (sum O. O)) 
I 497 ; (loop for product in products do 
1498 i (seしCJ SlUII (+ Sしnuproduct))) 
1499; sum)) 
1500 I 
I 50 I • '... ====================こ,aaaaaaaaaaaaaaaaaaaaaa二•========================================
I 502 i 、,; ; II. B. 8. QUERYING MORPHRECS-INDEXED, INCLUDES FINDING WINDOW MATES 

'... = = ===== == == =========== == === == = ===== = = == == ========== =========================== === == = I 503 : 
1504 t 
I 505 , (do(var•MORPIIRECS-INOEXED• nil) 

1506 I 
1507 ; (de fun loacl-111orpllrecs-indexcd 
1508 i (morpllrecs-indexed-file) 
1509 i <setq•NORPlll<SCS-INDEXED'
1510 ; (read-from-file rnorphrecs-indexed-file))) 
151 I I 
1512 I (clefun get-morphrecs-with-filcs 
I 513 1 (lex di.rectory corpus-prefix &key pas (db一ro~-display I e四lish)I 
I 5 I 4 ; (let• ((morphrccs-indexed-file (format nil " A A. morphrecs. indexed" clirec tory corpus-prefix))) 
I 5 I 5 i (i ((null•morphrccs-inclcxecl') ．．．．．．．．．．．．．． 

I 516 i (progn 
I 5 I 7 ; (for111a t t "―itoacling 111orphrecs-imlexed from file -,, . " 111orphrecs-inclexccl-file) 
1518 I (loacl-morph.recs-inclcxed morph.recs-indexed-file))) 
f5fg ... ! (gct-1110.rphrccs lex•111orphrecs-inclcxccl',pos pos ,clb-pos-clispl.uy clb-posーclispl.1y)I I 
I 520 i 

・・ ・Returns list of MORPllllECS. I 521 i ..... , I 522 ,、,；； Multi.plc mocphrecs shoulcl be containccl only i(no POS constraint. 
1523 I ;;;is gi.vcn LEX has multiple pC1rts-of-spcoch. 
I 524・ , (clcfu11 crct-111orphrccs (lex 111orphrccs-i11dcxcd &key pos (clb-pos-cli.splay'01191.ish)) 
1525 .J (let I (morphrcc.s nil) 
1526 i (pos-rccor.d 
I 527 i (i(pos (assoc pos morpl!rccz-i.nclcxocl)))) 
I 528 i (if pos 
1529 i (sctq morphrecs (li.st (assoc lex (!:hire! pos-rccorcl)))) 

1530 I 
1531 I ;;!Clw no pas was spccifi.cd, ,so Wll have to try al」、 pos
f'5・3・;:,-・j (loop t:or this-pos i.n•pos-tab.Lc• clo 
1533 ; (let ((this-pos-sy111bol 
1534 i (case clb-pos-display 
1535 i ((number) (first thi.s-pos)) 
1536 i ((english) (fourth this-pas)) 

15 37' ((japancsc (second tl1is-pos)))))) 
1538 i (setq pos-rccorcl (assoc this-pas-symbol morphrccs-inclcxc,l)) 
I 5 39 i (let ((findings-for-this-pos (assoc lex (third pos-rccorcl)))) 
1540 1 (if findings-tor-thl.s-pos 
1541 i (setq moq>hrecs (cons findings-for-this-pos morphrccs))))))) 
I 542 ; rnor.phrccs)) 
I 543 i 
I 544・ (clefu11 getー111arphrecs-for-pas (pas marphrecs-indexed) 
1545 (third (assoc pas morphrecs-indexecl , test 1'equal))) 
1546 
1547 ..... . ..... (clefun get-morph-hit-count (lex pos 111orphrccs-indexecl &key (cll>-pos-display'english)) 
1548 (let• ((morphrecs (getーmorphrecslex morphrecs-indexed ,pos pos ,db-pos-display clb-pos-display)) 
1549 (111orphrec (first 111orphrecs)) 

1550 (hit-count (get-morphrcc-elemen t morphrec'hit-count))) 
I 551 (if hit-count hit-count O))) 
1552 
1,553 .. (clefun getーmorph-se叩uents (lex pos morphrecs-indexed &key (dll-pos-display'cnglish)) 
I 5 54 I let, ((morphrecs (get-morphrecs lex morphrecs-inclexed , pas pos , clt1-pos-display clb-pos-clisplay)) 
1555 (morphrec (first rnorphrecs)) 
1556 (seg111ents (get-morphrec-elen1ent morphrec'segments))) 
1557''(if seqments se叩11e11tsnil)) 

PAGE# 
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FILE 

cooc.lisp 

TEXT 

(defun morph-occurs-in-se叩nent? (lex pos segment morphrecs-indexed &key (db-pos-display'english)) 
(member segment (get-morph-segnients lex pos morphrecs-indexed ,db-pos-displ.ay db-pos-display) J) 

, , ;Also used as a predicate to test whether there are ANY such occurrences. 

DATE 

TIME 

(de fun get-morph-occurrences-wi thin-n-se叩nents
I 564 i (lex pos reference-segn,ent n morphrecs-indexed discourse-final-segn,ents &key (db-pos-displ.ay'english)) 
Ts・話! 
・・・・・・・・・・・・・・・・・・・・ 

(ignore db-pos-display) 
1566 ! (let ((result nil) ·····················• 1567 i (morph-se叩nents·················• 
1568 ! 
・・・・Ts69, 
Ts?°O! ······i·s1·i···•, 
................ 
1572 ; 

・・Ts'/T! 

(get-morph-segn1ents lex pos morphrecs-indexed , db-pos-display'english) J J 
(loop for se叩uentin morph-se叩uentsdo 

(if (and (>= se91uent reference-se叩uentJ
(<= (- segn,ent reference-se91nentJ nJ 
(in-same-discourse? se叩nentreference-se叩entdiscourse-final-se叩uents)J 

(setq result (cons se91uent result) J J J .. i●●勺4・す, (reverse result) J J 
I 575 ; 

・・・rs・・1K≫: ; ; ; Determines whether se91uentl and se叩uent2 are in same discourse. 
．．．．．．．．．．．．．．．．．．．．．．．， 

1577 ! ; ; ;Is there a member of DISCOURSE-FINAL-SEGMENTS Hhich is >= segl and < seg2? ·····•··a·"·a••\ 

.......... , ............ , 

(defun in-same-clisco1crse? (segmentl se叩uent2 discourse-fin al-segn,en ts J 
(let ((found nil J 

(result tJJ 
(loop for cliscourse-final-se叩uentin discourse-final-segn,ents until found do 

(if (and ()= discourse-final-segn,ent se叩nentlJ

result)) 

(< discourse-final-se91uent se叩nent2JJ ;less than, not equal 
(progn (setq found t J 

(setq result nil) J J J 

1587 ; 
1588: ・・・・====================================================================================······················• 1589 i・ ・. 

.... i―5叩＂！
,、， II.B.9. DEFINING MORPHREC-DIFFREC 

• • • • ====================================================a 
・・・・・・・・・・・・・・・・・・・・・・・・ 
) 591 i ............... 
1592 i ; ;; A MORPHREC-DIFFREC is a record of the difference between two corpora for a given morph. .......... 
1593 i (defvar•morphrec-diffrec-elements• ......................、
1594 i '((lex O) 

I 595 i (pos 1) 
1596 i ................. , (element-1 2) 

..... i 597 l (element-2 3) 
1598 i (difference 4) 
1599 i (count-1 5) ;morph-1 hit-count corpus-1 ........... 
1600 i (count-2 6) ;morph-1 hit-count corpus-2 

・・・・・・・・・・・・・・・・・・・・・・・、I 60 I i (count-stun 7))) 
・・・・・・・・・・・・・・・ 
1602 i 
1603 i defun make-morplirec-diffrec (lex pos element-1 element-2 difference count-1 count-2 count-swu) 
.. ● ・・・・・・・・・・・・ 
1604 i (let ((morphrec-diffrec 
・・・・・・・・・・・・・・・・ 
1605 ; (loop for element in *morphrec-diffrec-elements• collect nil))) 
1606 i (setq morphエec-diffrec (put-morphrec-diffrec-element moェphrec-diffrec'lexlex)) 

・・・・・rn: 釘・・, (setq morpl江 ec-diffrec (put→ uorphrec-diffrec-element morphrec-diffrec'pos pos)) 
•. Til⑱ ・・-i (setq morpl江 ec-diffrec (put→ uorphrec-diffrec-element morphrec-diffrec'element-1 element-1)) 
''j―・6・i'i'g'・'! (setq morphrec-diffrec (put-111orphrec-diffrec-ele111ent morpl江 ec-diffrec'element-2element-2)) ·----·•···a--,··s····< 

(setq morphrec-diffrec (put-morphrec-dif frec-element morphrec-cliffrec'difference difference)) 
(setq morphrec-diffrec (put-morplirec-dif frec-el.ement morphrec-diffrec'count-1 count-1)) 
(setq morphrec-diffrec (put-morphrec-dif frec-element morphrec-dif frec'count-2 count-2)) 
(setq morphrec-diffrec (put-morphrec-diffrec-element rnorphrec-diffrec'count-swn count-s,1111)) 
morphrec-diffrec)) 

.......... -........... , ，；；くくfirstposition is zero, not 1 !! 
161 7 l (clefun get-morphrec-diffrec-elemen t-posi tion (element-name) ........... 
I 618 i (second ............... 
1619 ! ・. (assoc eleme11t-name•morphrec-clif frec-elemen ts'))) ................ 
1620 ; 
1621 i (defcrn get-morphrec-diffrec-element (morphrec-diffrec element-name) ...................... , 
1622 i (let ((position (get-morphrec-diffrec-element-position element-uame))) ...................... 
1623 i (nth position morphrec-diffrec))) .................... , 
1624 i 
1625 ! (defun put-morphrec-diffrec-element (morphrec-diffrec element-name value) ....................... 
1626; 
1627 i 

(let ((morphrec-clif free-copy (copy-list morphrec-dif frec)) 
(position (get-morphrec-cliffrec-elemen t-posi tion element-name))) 

(setf (nth posit—cion morpltrec-dif free-copy) vul.ue) 
morphrec-diffrec-copy)) 

(defuu add-111orphrec-diffrec-ele111en t (111orphrec-cli [ free ele111e11 t-nume value) 
(let ((morphrec-diffrec-copy (copy-list morphrec-diffrec)) 

(old-value (get-morphrec-clirfrec-elemen t rnorphrec-clif free element-name)) 
(new-value nil) 
(position (getーmorphrec-diffrec-el.ement-positionelement-name))) 

(if (not (1istp olcl-vulue)) 
(error "Old vulue 11ot a list.") 
(progn (setq new-vulue (adjoin value old-value , test I'equal.)) 

1639 i (setf (nth position tnorphrec-clirfrcc-copy) now-value))) ..................... 
1640 i ..................... , morphrec-diffrec-copy)) 
1641 ; 
1642 l (dc(un sort-morphrec-diHrecs (morphrec-di((recs clement-name) 
1643 ! (let ((position (gct-morphccc-dif frcc-<1l.e111cn t-positi.on clcmen t-numc))) 
I 644 ... I ; ; LAMBDA means "test wheヒherlist-1 is grcul:cc than list-?. 
I 645 」;; with res pee t to the cl.o111c11ヒsat nth posi.tion" 
1646 (sort mor.phrec-diff.recs 
I 647 i'(l<1ml>cl<1 (li.stl J.lst2) 

・ri5祁.. (ir (not (numbcq_> (nth posit.ion li.ot!.))) 
ft;';¥・g・・(error "c,111't socヒ： polntcr to non-111111,crl.c;il element in rec") 

1650 
I 651 

(> (nth posi.tlon l.istl)(nt.h po,altion l.lst?.))))))) 

1652 ............ ;;; 

1653 ., ; II.U.10. COMl'Al<ING MOlll'lll<ECS-SOl<'!'EO 
1654 I・ ・ ・==============================================さ== == = == == = = = == == = ===== ==" = = = =" ==== == = 

.. i―・15"55"1 ..................... 
I 656 ! ; ; ;Compare morphrecs-sorted for two cor.pora. 

..... 『お7°"!; ; ; Includes use of KULLOACK-LEIOLEII formula for "lllSl,AO'IV1'EN'l'llOPY". 

1658, ; ; ； Assumes MORPIIRECS-SORO'ED-ClLES have been presorted ilS desired. 
.... ―i―虎沿・・:(defun cornpare-morphrecs-sortocl 
.i蒻o・"! (directory corpus-prefix-1 corpus-prefix-2 & key (el.0111011 L'111orph-u叫.grum-probability)) 
I 661 i 
ぽも;Cl (let* ((morphrecs-indexed-filc-1 (format ni.l .,-応A.morphrccs. indexed" directory corpus-pr.cfix-1)) 

.................. ― 

1663 i (morphrecs-sortecl-file-1 (format nil ,,-A-A.morphrecs.sorted" directory corpus-prefi.x-1)) ................... 
1664 i (morphrecs-indcxed-fil.e-2 (format nil "・A "A.morphrccs. indexed" directory corpus-prcfix-2)) 
iぢ551 (moェphrecs-sorted-filc-2 (faエ111atni.l ""A"A.111oq>hrees.sortecl" directory corpus-prefix-2)) ..................... 

1666 i (output-file (format nil,,-応 A.vs. -A. 111orphrecs. co111p,1rison" directory corpus-prefix-1 corpus-pre fix-2)) ...................... 
1667 i (morphrecs-inclexed-1 (read-from-file morphェ:ecs-inclexed-file-1))................ .. 
1668, (morphrecs-inclexecl-2 (read-from・・file morphrecs-indcxecl-file-2)) ................ .. 
1669, (morphrecs-sorted-1 (reacl-fro111-f ile morphrecs-sorted-file-1)) ................ , 
1670 i (morphs-1 ・・・・・・・.... ・........ 
1671 i (loop for 11,orph in morphrecs-sorted-1 collect 

.... Ti5グが・: (list 

......... ● ー・..........., 
--:・・1ー＇窃'3''"! (get-morphrec-element morph'lex) 
I 67 4 i (get-morphrec-element morph'pas) 111 .................... 
1675 i (morphrecs-sorted-2 (read-from-file morphrecs-sortecl-file-2)) 

.T6761 (morphs-2 
1677 ; (loop for 1norph in morphrecs-sorted-2 col.lect 
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(list 
(get-morphrec-element morph'lex) 
(get-morphrec-element morph'pos) 111 

(in→ both (intersection morphs-1 morphs-2 , test i'equal I I 
(in-both-count (length in← both I I 
(in-morphs-1-but-not-iu-morphs-2 (set-difference morphs-1 morphs-2 , test #'equal I) 
(in-morph年 2-but-not-in-morphs-l (set-difference morphs-2 morphs-1 , test I'equal I) 
(in-both-difference-records nil I 
(stmm,ed-in-both-differences O. 0 I 
(average-in-both-differences nil I 
(average→ 11orphs-l-element 11ill 
(average-morphs-2-element nil I 
(Slllllllledーmorphs-1-elernents O. 0 I 
(summed-morphs-た elements O. 0 I 
(relative-entropy 0.01) 

(if output-file 
(if (probe-file ouヒpu←file I 

(delete-file output-filel 11 

; ； Loop through MORPIIRECS-SORTED-FILE-1, tho 四 ningcorpus, 
; ; so that this ordering will be preserved. 
; ； If record-1 is for a morph which is in both corpora, go ahead. 
(loop for record-1 in morphrecs-sorted-1 do 

(let ((lex (first record-11 I 
(pos (second record-1 I) I 

(if (member (list lex pos I in-both , test I'equal I 
(let• ((record-2 (first (get-morphrecs lex morphrecs-indexed-2 , pos pos I I I 

; ； ELEMENT is e.g. morph-unigram-probability 
(element-1 (get-morphrec-element record-1 elementl I 
(element-2 (getーmorphrec-elementrecord-2 elementl I 
(difference 
(round-to-n-digits 
(abs (-element-1 element-2 I I *significant-digits•))) 

, ,Make a uew DIFFERENCE-RECORD, showiug the respective values 
; ； for the factor of interest in the two corpora 
; ; and the difference between them. 
(let• ((morphェec-1 (first (get-morphrecs lex morphrecs-indexed-1 , pos posl I I 

(morphrec-2 (first (get← morphrecs lex morphrecs-indexed-2 , pos pos I I) 
(count-1 (get-morphrec-element morphrec-1'hit-count I) 
(count-2 (get-morphrec-element morphrec-2'hit-count I) 
(count-stun (+ count-1 count-21) 
(new-morphrec-cliffrec 
(make咄 orphrec-cliffrec
lex pas element-l element-2 difference count-1 count-2 count-sum I 11 

(setq in-both-difference-records 
(cons 
new-morphrec-diffrec 
in→ ,otb-difference-records I 11 

,、Maintainrunni119 stuus. 
(setq stunmed-in-both-differences (+ stm1med-in-both-differences difference I I 
(setq stumnecl-morphs-1-elements (+ stumned-morphs-1-elements element-1) I 
(setq stuumecl→ uorphs-2-elements (+ stumued→ norphs-2-elements element-211 

；；く <Kullbnck-Leibler formula for "relative entropy". 
; ;Sum over all elements, Pi log 1/Qi 
(if (equal element'morph-unigram-probability) 

; ; Pi a element-2 (test corpus I, Qi a element-1 (training corpus1 
(let ((Slut皿ed ('element-2 (log(/ (float element-2)(float element-1)1 21111 

(setq relative-entropy (+ relative-entropy stumnedl 111 J 111 

(setq in-both-difference-records (reverse in-both-difference-records I I 

(setq relative-entropy (round-to-n-digi ts relative-entropy• significant-digits• 11 

; ； Get averages if any records are shared. 
; ； If not, averages remain nil 
(if in-both-count 

(prog11 
(setq average-in-bothーdifferences

(round-to-n-cligi ts 
(/ (float st1111111ed-iu-both-differences1 (float in-both-countl I'significant-digits• 11 

(scl:q avera9c-morplls-l-element 
(rot111cl-toーn-cli.gits
(/ ([loa t StlllllllC(lーrnorphs-1-elcmcntsl (float in-hoth-count1)•significant-digitが II

(setq avernge-mor.phs-2-element 
(rou11d-to-11-d均its
(/ (flon t Slllllllleclーmorphs-2-elcrnentsl (float in-!Joth-countl I•s切 nifi.cnnt-cligits'111)

, , PRINTING STARTS 
(smart-format output-file ,,-,,,,-A n11d -A -,,,,compared i11 terms o(~s-Ji" 

morph cecs-sorl:ccl-f ilc-1 morphr.ccs-sortcd-f ila-2 elcmcn t) 

(if (equa L element'morph-unigr,1111-prol,abili ty) 
(0111art-for111ilt output-fi.l.c "-2'(ralativc-cntropy ~s)" 

rclativo-a11tropy) I 
" -(smart-(ormat oul:put-(ilc 2'(ilvcr,1,1c- :;-corpus-1 ~•I" clement avar.igo-morplw-l-<Jlc111cull 

(smnrt-(ormat 011tput、-(ilc "-2'(nvcragc-~s-corp11s-2 ~sl" clement 1lvcr,19c-morpll.s-2-cl.c111c11l;I 
(smnrt-formct 011tp11t-filc "-l,(avc江 ，1gc--s-dif(ercncc -sl" 

叫 ,1111011t 1tverns1c-i11-!Joth-di. (,:,,rcncas) 

(s111art-ror111at output-file "-2'(i.n-both・・111oq1hs-count ~al" 
(Lc119th i11-hoth-diftccc11cc-rccordsl) 

" -(smart-format ou tpu t-f ila 2'(d if Ccrencc-rccords-corpus-1-ord<Jr s)" i.n-both-d lf (crnnc,1-records I 

(smart-tormat output-ti.le "-2'(in-corpus-1-l>し1ヒーnot-corpus-2-counL -s I" 
(10119th i11-111orphs-l-l>ut-11ot-i11ーmorphs-211

(smart-format out.put-f ilc "~2, (i11-corpus-l-but-not-corpus-2 -s)" i.n-m<Jrphs-J.-bu t-11ot-l11-111orphs-2) 

(smart-format output-f illl "~n (in-corpus-2-bu t-not-corpus-1-coun L -s I" 
(le119th i11-111orphs-2-but-11ot-iu-111orphs-11 I 

(smart-(orma t ou tput-f i.le "-2'(in-corpus-2-!Jut-not-corpus-l -s I" i.n-morphs-2-bu t-not-i n-morphs-1111 
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LINE# 

1798; 
1799' .............. 
1800 ! 
1801 i ．．．．．．．．．．．．．．．．．．．．．， 

1802 ; 
1803 ; 
1804, .................. , 
1805 i ...•.•...• 

FILE 

cooc.lisp 

(niorph-1-se叩i,ents-with-2-in-range-count 5) 
(morph-1-segments-count 6) 
(conditional-probability 7) 
(mutual-information S) 
(conditional-probability-smoothed 9) 
(mutual-information-smoothed 10))) 

111 never called 

TEXT 

．．．． 1806; 1 (de fun make-morph-coocrec (n pos-1 lex-1 pos-2 lex-2) 
1807 i 1 (let ((rnorph-coocrec 

(loop for element in *morph-coocrec-elements• collect nil) 11 
(setq morph-coocrec (put-morph-coocrec-element morph-coocrec'n 111 I 
(se tq morp h-coocrec (pu t-morp h-coocrec-elemen t morph-coocrec'pos-1 pos-1)) 
(setq morph-coocrec (put-morph-coocrec-element morph-coocrec'lex-1 lex-1) I 
(setq morph-coocrec (put→ norph-coocrec-element morph-coocrec'pas→ 2 pos-2) I 

1 (setq morph-coocrec (put-morph-coocrec-element morph-coocrec'lex-2 lex-2)) 
; morph-coocrec) I 

181 5 , 
1816 i (clefun get-morph-coocrec-element-position (element-name) 

.. J登.¥.Z.._j (second 
1818; (assoc element-name•morph-coocrec-elements•) I) 
1819 ! 
1820 • ; (de fun get-morph-coocrec-element (morph-coocrec element-name) .......... 
1821 i (let ((position (get-morph-coocrec-element-posi tion element-name I) I 

1822 i (nth position morph~coocrec I) I 

1823 1 
1824; (defun put-morph-coocrec-element (morph-coocrec element-name value) ................. 
1825 i ............... , (let ((morph-coocrec-copy (copy-list rnorph-coocrecl) 

1826 / (position (get-111orph-coocrec-ele111ent-position element-name 11) 
1827 ! ................... (setf (nth position morph-coocrec-copy) value) 
1828 ! ...................... , morph-coocrec-copy) I 
1829 l 

可＂蒻 (f'J... ==================================================================================== ．．．．．．．．．．．．．．．．．．．．． ‘‘’ 1831 ; 111 II. C. 2. MAKING MORPH-COOCRECS-INDEXED 
1832' ................. j I、、.. ======-============================================================================= 
1833; 
1834 ! (defun rnake-morph-coocrecs-indexed-with-files 
183 5 i (n-range pos-1-list pos-2-list directory corpus-prefix 
1836; &key (db-pas-display'e112lishl (threshold O .1) (titres hold-key'conditio11al-probability I) 
1837 I ...................... , (let• ((segmei1ts-file (format nil " A -A. segiuents" directory 
I 838; corpus-prefix) I 

.................. 1839 l (seginents-info (read-from-file se叩11ents-file))

1840' (all-segi,ients-count (length (first se叩11ents-i11foJ11 
1841 i (discourse-fin al-segioen ts (second segiTients-info I I 

1842 ! ................ (morphrecs-indexed-file (format nil " A A.morphrecs. indexed" directory corpus-prefix I} 
1843 ! .............. , (morp肛 ecs-indexecl (read-from-file morphrecs-indexed-file) I 

1844' ....、..............., (morph-coocrecs-indexed 
1845 I (make呵 orph-coocrecs-indexed
1846; ．．．．．．．．．．．．．．．．．．．．．．． n-range pos-1-list pas-2-lis t morphrecs-indexed discourse-final-se叩uentsall-se叩>1ents-cou11t
1847 ! 

DATE 

TIME 

..................... , : db-pos-display db-pas-display , threshold threshold , threshold-key tltreshold-key1) 
1848 i ............... , (morph-coocrecs-indexed-file (format nil "-A -A .morph. coocrecs. indexed" directory corpus-prefix)) I 
1849; (format t "Writing to -s-母" morph-coocrecs-indexed-file) ．．．．．．．．．．．．．． 

1850; ．．．．．．．．．．．．．．．．．．．．．．．． 

1851 ; ... Ts・sr" 
(wri te-to-file-110-pp morph-coocrecs-indexed morph-coocrecs-indexed-file)) I 

.....................、; 111Makes rnorph-coocrecs-iudexed, giveu MORPIIRECS-INDEXED as i11pt1t. 
1853 ; 111 Dynamically filters records below a threshold. 
1854. ! (de fun make-morph-coocrecs-indexecl 
1855 ; 
1856 i 

(n-range pos-1-list pos-2-list morphrecs-inclexecl discourse-final-se叩nentsall-segments-count 

1857 l 
&key (clb-pos-display'englishl (threshold O .1) (threshold-key'conditional-probability I I 

1858 i 
(loop for n from (first n-range) to (second n-range) collect 

(progn (format t "! 【andlingn = ~s-%" 111 
(list n 

(loop for pos-1 in pos-1-list collect 
(progn (format t " Handling pos-1 = -s-•" pos-1) 

(list pos-1 
(loop for le:c-1 in (second (assoc pos-1 morphrecs-inclexed)) collect 

(list lex-1 
(loop for pos-2 in pos-2-list collect 

(list pos-2 
11≪note use of IT loop construct see Steele 739 
(loop for lex-2 in 

(second (assoc pos-2 morphrecs-indexed)) 
if 
(and 
11Ignore co-09currence of morph with itself. 
(not 
(and (equal pos-1 pos-21 

(equal lex-1 lex-2 I} I 
(make-morph-coocrcc-tall 
lex-1 pos-1 lex-2 pos-2 
n morphrecs-indexed 
discourse-finill-segmcn ts 
all-scgmen ts-count 
: c11,-pos-dispJ.,1y db-pos-display 
: threshold lhre.shold 
: thrcshold-kcy threshold-key) I 

collect i.tllllllllllll 
loo,, 

...... ぼ蒻・1 ... ==== = == = = === == ==== = === == ===== ==== = = == = = == = === == = = = = === = = = == === = = = == = = ==== == = == = = == = = .................. , 
I 8B7 , ; ; ; II. C. J. MAKE-MORl'II-COOCREC-S"AI r, 
I 888 J ,-; ; ===================================================================================ニ
1889 

.... J.8'J.9..J ;;;Given n,orph-1 in segment Sl, compute the concli.tional probabi.li.ty、111dmutunl i.nformaUon 
1891 I ;;;that morph-2 will occur within n segments. ........... 
，" 
1892 I ; ; ;Also calculates smoothed versions of both result,.;. 
I 893 ! 
"" 

1894・ ; ； ; Returns the tail o(a MORPII-COOCREC -- not a complete morph-coocrcc --
1895・ .I ; ;; to be entered as terminal of MORPII-COOCRECS-INDICXED, ................ 

.1岱Q.~.'; ;; (list lex-2 
1897' ; ; ； morph-1-segments-with-2-in-r angc-coun t 
1898 i ;;、・morph-1-segments-count

................... ●● 

... .J.8.99 ... I ; ; ; co11clitional-probability 
1900 ; ； ; mutual-in formation 
TCJ<i「!, ・;; concli tional-probabili ty-smoothccl 
1902 l ; ; ; mutual-information-smoothed) 
1903 i 
fg'b'叩 ; ; ； Pr (i>la1 = Pr (a, b)/ Pr (a) 
1905 ! ;;;conditional probability that morph-2 will occur within n segments of segments, 
1906 i .................. ; ；； given that morph-1 appears in segment s. 
1907 i ................. 
1908• , ；； Pr (a) , probability that morph-1 occurs (at least once) i.n segments. 
1909 i ;;;LOCAL VARIABLE, MORPll-1-0CCUR-IN→ SEGMENS'-PROBABI 1r•ry (-SMOOS'IIED) .................. ヽ

1910 i ...... ;;;In other words, probability that any segment Si tits this clescr.iption, 
1911 i ;;;morph-1 occurs in Si. (More formally, "morph-1 is element of Si".) 
1912 I ;;;CALCULATION, Count (se')lnents in which morph-1 occurs at least once)/ Count (segments in corpus) 
191 3 ! 
1914 i ; ; ;Pr (b) , probability that morph-2 will occur at least once 
1915 ! ............. .. • ; ; ;within n segments of segn,ent Si (in dialogue D) 
1916 i 
i●'9'17"' 

; ; ； -- that is, within a window whose first segment is Si. 
. ;;; エnother words, probability for a11y segment Si that, 
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LINE# TEXT 

1918 ! ; ；； morph→ occurs in Si, or in its successor Si+l, Si+?., .... up to Si+n 
""'j"'§"'j"§"'"i ;;;(More formally, that "morph-2 is element of Si union Si+l union .... Si+ n",) 

; ; ; LOCAL VARIA□LE, MORPll-2-0CCUR-IN-WINDOW-PROBABILITY 
; ；； CALCULATION, MORPH-2-0CCUR-IN-SEGMENT-PROBABILI1'Y• (n + l) 
; ; ; Note that Pr(b) is also included in local variable corresponding to Pr(a, b)・ 

_ ; ,-;MORPH-l-OCCUR-IN-SEGMENT-WITJl-2-IN-R邸 GE-PROBABILITY(-SMOOTHED) 

.................... 
1925 .................... ! ;;;Pr(a, b), probability that morph-1 appears (at least once) in segment Si /¥ND 
1926 ! ; ; ;morph-2 will occur at least once within n selJlnents of se叩11entSi (in dialogue D) ．．．．．．．．．．．．． 

1927 ! ; ; ; In other words, probability for any segment Si that, 
．．．．団28'!; ；； rnorph-1 occurs in Si AND 
1929' ; ; ; rnorph-2 occurs in Si, or in its successor Si+l, si+2, .... up to Si+n. 
1930 i ;;;(More formally, that "mor.ph-1 is an element of Si and morph-2 is element of Si union S2 union .... Si+ n".) ..................... .. 
1931 ! ; ; ; LOCAL VARIABLE, MORPH-l-OCCUR-IN-SEGMENT-WITH-2-IN-RANGE-PROBABILITY (-SMOOTHED) 
T9: 迂・・1; ; ,-CALCULATION, MORPl!-l-SEGMEN1'S-WITH-2-IN-R邸GE-COUNT/ALL-SEGME~TS-COUN'r
""fij"'ff.' 
1934 ! ; ; ;Returns a record only when conditional-probability >~T!IRESIIOLD 

(defun rnake-morph-coocrec-tail 
(lex-1 pos-1 lex-2 pos-2 n morphrecs-indexed discou工se-final-segmentsall-se叩lients-count 

&key (db-pos-display'english) (threshold O. 1) (threshold-key'conditional-probability)) 
(let'((morphrec-1 (first (get-morphrecs lex-1 morphrecs-indexed ,pos pos-1))) 

;;SEGMENTS CONTAINING MORPII-1 AT LEAST ONCE 
(morph-1-segments 
(getーmorphrec-elementmorphrec-1'se叩uents))

; ; NUMBER OF SEGMENTS CONTAINING MORPH-] AT LEAST ONCE 
(morph-じ segments-count(length morph-1-segments)) 

; ； PROBABILITY THAO'MORPJI-1 OCCURS IN ANY GIVEN SEGNEN1' 
; ; Pr(a) ~ MORPH-1-SEGMENTS-COUNT/ALL-SEGMENTS-COUNT 
(morph-1-occur-in-segment-probability 
(get-morphrec-element morphrec-1'occur-in-segment-probability)) 

; ; SMOOTHED PROBABILITY THAT MORPH-1 OCCURS IN ANY GIVEN SEGMENT 
; ； Pr (a) smoothed 
(morph-1-occur-in-se叩nent-probabili ty-smoothed 
(get-morphrec-element rnorphrec-1'occur-in-se叩uent-probability-srnoothed))

(morph-l-segments-with-2-in-range-count O) 
; ; Pr(a and b) 
(morph-1-occur-in-segment-wi th-2-in-range-probabili ty O) 
; ； Pr(a and b) smoothed 
(morph-1-occur-in-se叩nent-with-2-in-range-probability-smoothed O) 

(morphrec-2 (first (get-morphrecs lex-2 morphrecs-inclexecl , pos pos-2))) 

; ; PROBABILITY THAT MORPH-2 OCCURS IN ANY GIVEN SEGMENT 
; ; ~MORP!l-2-SEGMENTS-COUNT/ALL-SEGMENTS-COUNT 
(morph-た occur-in-se叩nent-probability (get-morphrec-element morphrec-2'occur-in-se叩nent-probability)) 
(morph-2-occur-in-se叩nent-probability-smoothecl (get-rnorphrec-element morpl江 ec-2'occur-in-segment-probability-smoothed))

; ； PROBABILITY THAT MORPH-2 OCCURS IN ANY GIVEN WINDOW OF WIDTH N PLUS l 
; ; Pr(b)・  
(morph→ -occur-in-winclo祈 probability('(float(+ n 1)) morph-2-occur-in-se叩¥lent-probability))
(morph-2-occur-in-window-probability-smoothecl ('(float (+ n l)) morph-た occur-in-segment-probability-smooth eel))) 

, , Get MORPH-l-SEGMENTS-WITll-2-IN-R邸 GE-COUN'r
(loop for morph-1-segment in morph-1-segments do 

(if 
; ; Use this fn to test, for each se叩nentSi wheェ:emorph-1 occurs, 
; ； whether morph-2 occurs in any se叩nentwithin range n of Si. 
; ； If so, increment MORPH-l-SEGMENTS-WITl!-2-IN-R邸 GE-COUNT.
(get渾 orph-occurrences-with in-n-segrnen ts 
lex-2 pos-2 morph-1-se叩llCntn morphrecs-inclexed discourse-final-segments ,db-pos-clisplay clb-pos-display) 
(setq morph-l-segrnents-with-2-in-range-count (l+ morph-l-segrnents-with-2-in-range-count)))) 

, , Get MORPH-l-OCCUR-IN-SEGMENT-WITH-2-IN-RANGE-PRO□A□ILITY 
; ； Pr(a and b) 
(setq morph-1-occur-in-segment-wi th-2-in-range-probabili ty 

(rouncl-to-n-cligi.ts 
(/ (float morph-1-se叩lients-wiヒh-2-in-range-count)(float all-segments-coun し）） •s均nificant-cligits•))

; ;Get MORPll-l-OCCUR-IN-SEGMENT-WITll-2-IN-R邸 GE-PllOnAOILITY-SNOOTHED 
; ； Using l+ smoothing. 
; ； Pr.(a and b) smoothed 
(setq rnorph-1-occur-in-segrnent-wi th-2-in-range-probability-smoothecl 

(round-to-n-digi ts 
(/ (十 (floatmorph-l-segments-with-2-in-range-count) (float 1)) 

(+ (Eloat ?.) (float all-segments-count)))•significant-digits•)) 

; ； Compute conditional-probability th,1t morph-?. wlll occur within n segments of segment S, 
;;given that morph-1 occurs in S. 
; ;Return record iff conclitional.-prolrn!Ji.lity >= threshold. Else return nil 
;;Pr (b given a) = Pr (a ancl b)/ Pr (a) 
(let• ((conditional-probability 

(i r (or (zerop morph-1-occur-i.n-.segmcn t-wi th-?.-i.n-rangc-probability) 
(zecop morph-1ーocc11r-in-scgment-prob,1bil.i ty)) 

.-.-≪Givillg zero ill cnsc clcllomi.llator is 0.0. 
0. 0 
(round-to-n-cl均 i.ts
(/ ([loa t mocph-l.-occu1:-J n-scgmc,n L-wi th-?.-i.n-rangc-prob<1bLl i ty) 

([.l.0<1 L moq>h-L-occuc-in-scgmcn t-proh,,b.¥ I. i. ty)) 食signi.ficant-cl 1.g i L.'; )々））

;;log P(b glvcn a)/ P(b) 
(mu tu;i 1-ln form aヒi.on
(if (or (zcrop condition.il-prolrnhility) 

(,.erop morph-2-occur-in-winclow--prolrnb i.l. i ty)) 
;;≪Gi.ving zero in case denominator is 0.0. 
0. 0 
(round-to―ll-cligits 
(.log (/ (float conditlonal-probabi.lity) 

([1011 t morph-2-occur-in-w indow-probabili ty)) 2)• sign if i c,111 t-clig its<))) 

、,-Asabove, hut with smoothed 11ominators n11cl di.visors 
(conclitional-probcibility-smoothccl 
(if (or (zerop morph-1-occur-i11-segme11 t-wi th-2-i11-range-probabili ty-smoothecl) 

(zerop rnorph-1-occur-in-scgmen t-probability-smoothed)) 
;,•«Giving zero in ca.so denominator is 0.0. 
0. 0 
(round-to-n-cligi ts 
(/ (float morph-1-occur-in-segmen t-with-2-in-range-probability-smoothed) 

(float morph-1-occur-in-segment-probahility-smoothecl))•significant-digits•))) 

、;Asabove, but with smoothed nominators ancl divisors 
(mutual -in formation-smoo thee! 
(if (or (zerop conclitional.-pro!Jability-smoothcd) 

(zerop rnorph-2-occur-in-window-probability-smoothed)) 
; ,-≪Giving zero in case denominator is o.o. 
0. 0 
(rouncl-to-n-cligi ts 
(log (/ (f.loa t concli tional-probability-smoothed) 
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．． 2038 ............. 
．． 2039 ...... 
2040 

•• 

(float morph-2-occur-in-window-probabili ty-smoothed)) 2) , signi ficant-cligi ts•))) 
〈threshold-key-value 

．．．．．．．．．． 
2041 

．．． 

．．．．．．．．．．．．．．．． 

2042 
•• 

.................. .. 
2043 ．．．．．．．．．．．．．．．．．．．． 

2044 ．．．．．．．．． 

2045 .................... 
2046 .............. 
2047 ........... .. 
2048 

．．．．．ユ．．厄”

"""'""'・・ ぶ..... 

2060 ...... , .............. . 

(case threshold-key 
((conditional-probability) 
conditional-probability) 
((conditional-probability-smoothed) 
concli tional-probab ili ty-smoothed) 

((mutual-information) 
mutual-information) 
((mutual-in formation-smoothed) 
mutual-information-smoothed)))) 

, ;Returns list to be eutered as terminal of MORPH-COOCRECS-INDEXED, 
; ; NOT a complete MORPl!-COOCREC. 
(if (>~threshold-key-value threshold) 

(list lex-2 
morp h-1-se9111e11 ts-with-2-iu-r ange-coun t 
morph-l -se91ne11ts-coun t 
con<li tional-probabili ty 
mutual-in formation 
con"di tional-probabili七y-smoothed
mutual-information-smoothed)) I)) 

2061 ········•···········...I 、● ..  ====~===~======================~~=~================~====~• 
" 2062 j ; ; ; II. C. 4, QUERYING MORPII-COOCRECS-INDEXED ...................... 

2063 i ; ; ;=====-=========================================-=====aaa=aaa=============a=========-
・"2碑;r1.................... .. 
2065 ! (defvar•MORPH-COOCRECS-INDEXED* nil) 

"20蒻＂！................... 
.JQ回」 (defunload-morph-coocrecs-indexecl 
2068 ! (morph-coocrecs-indexed-file) ............ ヽ......... 
2069 I 
・・・・・""""""・ ， (setg•MORPII-COOCRECS-INDEXED' 
2070 ; (read-from-file morph-coocEecs-indexed-file)) ................. 
2071 l (format t "~%LOADING COMPLETED, a" ntorph-coocrecs-indexeふ file))
""""""···• 

2072• 
"I 

""""・・・・・" .. , 
2073 1 ; ；； Gets from MORPH-COOCRECS-INDEXED the conclitional probability of occurrence within N se叩uents

................ ●● .... , 

2074; ;;;for specified MORP距 1 and MORPH-2. 
ib万"j(de fun get-111orph-conditio11al-probability 
... 改嘉"! (n pos-1 lex-1 pos-2 lex-2 morph-coocrecs-indexed &key (db-pos-display'english)) 
""""・・・・・・"・・・"" 
2077 . 

l 

.................. ..! (get-morph-coocrec-element 
2078 I 
"""""""""' 

(make-and-ge七→norph-coocrec 
2079• n lex-1 pos-1 lex-2 pos-2 morph-coocrecs-indexed ,ellた pos-clisplaydb-pos-display) 

""""・・・・・・・"""" 
2080 ; 

， 
............ 'conditional-probability)) 
2081 ! 
・2瞬...! ; ;;Makes and gets (fetches) MORPH-COOCREC, .................... , 
2083 , ;; ; Fetches partial morph-coocrec, which is terminal of MORPH-COOCRECS-INDEXED. ............. 
2084' 

.... , 
1 ; ; ;Completes it, creating and returning full MORP距 COOCREC.

万0蒻 "i;;;(2 co四 !ON-NOUN階段 COMMON-NOUN右 33 1.0 o.o 0.8) 
孜暉..., ; ; ; ≪Note that MAKE-MORPII-COOCREC is not called to avoid cltunsy copying. .................... ・
2087; ;, ・；くくエt is provided only for completeness. 
··•·""""""" 

2088 ! (clefun make-and-get-morph-aoocrec 
匹蒻・1 (11 lex-1 pos-1 lex-2 pos-2 morph-coocrecs-iuclexed &r,ey (clb-pos-clisplay'english)) 
""""·"•·""·' 
2090' """" ...... 會......1 (ignore clb-pos-display) 
2091 I (let'((n-group (second (assoc n morph-coocrecs-indexed))) 

""改函...1 (pos-1-group (second (assoc pos-1 n-group))) ....................... 
2093 ! (lex-1-group (second (assoc lex-1 pos-1-group))) 

"""""""""・"・¥ 2094 , (pos-2-group (second (assoc pos-2 lex-1-group))) ............... , 
2095 , (lex-2-record (assoc lex-2 pos-2-group))) .............. , 
2096'(if lex-2-record 
2097 . 

, ...) 

................. ..! ; ；≪CREATION OF MORPl!-COOCREC 
2098 ! ; ; ≪Avoiding MAKE咽 ORPH-COOCREC七o avoid clumsy copying ..................... 
2099 ! (append (list n pos-1 lex-1 pos-2) lex-2-recorcl) .................... 
2100 J .......... 1 (append (list n pos-1 lex-1 pos-2 lex-2)'(0. 0 0. O O. O O. O O. O O. O)) J)) 

2101 ............... , 
2102 I ,"; ;==================a==========a0==0=====================a============""""=""""======= 
..... ● ......... . 

21 03 ; ; ; II. C. 5. . MORPH-WINDOW-MATE QUERY FUNCTIONS 

?J•If'I ; ; ;Gets segment-mates with a specified pos-2 from MORPII-COOCRECS-INDSXED. 
2107 

............... 
2104・ ・ ・===========-============-======================-=====-============================== 

'" ................. 
2105 

; ； ; If threshold is llOll-nil, dynamically filters records to get mates over some threshold 
""""・・""""" 
2108 ; ; ;If threshold is nil, collects all records for pos-2 
2T•Q1 ,.,.、 (thisoption would be used when the db has already bee11 pre-filtered) 
21 IO ; ; ;If argument FILTER-SELF is t, a record showing that LEX-l is its ow11 segment-mate is ................... 
21 I I 

"" 
. ; ; ; filtered before return. 

"""・"""""""・ 21 I 2 I (de fun get-morph-window-mates-with-files ................ 
21 13 ....... ＇二J (n pos-1 lex-1 pos-2 directory corpus-prefix 
21 I 4 .. j &key (threshold nil) (threshold-key'conditional-probability) (fil ter-seH t) (db-pos-clisplay'engHsh) ................... 
2115 (return-morphs-only nil)) 
ニ?U亙：I (let'((output nil) 
... .?..L!..? ... I (morph-coocrecs-indexed-filo (format nil ,,-応A.morph. coocrecs. indexed" directory corpus-prefix))) 
21 18 
fiI¥d 

(if (null•morph-coocrecs-indcxecl•) 
(progn +: 努...J (format t 00~noacling morph-coocrecs-indexecl from file -a." morph-coocrccs-indcxe<l-filc) 

(load→ norph-coocrecs-indexecl morph-coocrecs-indexed-[i.leJ)) .ヽ............, 
21 22 (let• ((11-group (second (assoc n•n1orph-coocrecs-i11clcxod•)) J ................ .. 
2123 (pos-1-group (second (assoc pos-1 n-group))) 
2124 (lex-1-group (second (assoc lcx-1 pos-1-group))) .................. 
2125 (pos-2-group (second (assoc pos-2 lox-l-gro>1p))) 

2126 (pos-2-grottp一morph-coocrecs
z"f'z"r1 (loop for partial-morph-coocrec in pos-2-group collect ............ .. 
2128 (append (list 11 pos-1 lcx-1 pos-2) partl,,J. ーmorph-cOCJCCCC)))

2129 (window-mates-including-self ,．．『........
21.lO (if threshold 

HHI 
Z))Tj (loop for morph-coocroc in pos-2-groupーmorph-coocrccswhen 

(>= (get-morph-coocrec-elcmen t morph-coocrec th rc:<>holcl-koy) thrc.c,ho lcl) 
collect morph-coocrec) 

2134 pos-2-group-morph-coocrecs))) □ H翌尻・I (if I● iltcr-self 
2136・1 (let ((morph-coocrec-self 

""ilJi.. (make-ancl-g虹—morph-coocrcc
・・:U3K ; aa) 11 lex-1 pos-1 lex-1 pos-1•morph-coocrcc:s-indcxcd• 

: clb-pos-display db-pos-display))) 

2141 (setq output (remove morph-coocrcc-self wimlow-m,1tcs-i11clucli.11g-self))) 

i•uI•J (if ; 悶閉は掌翌は言図］悶闘：塩：~t:tding-self)).................... 
2142 

2144 I (let ((temp-output nil)) 
2T4『I [ loop for morph-coocrec in output do ...............、
21 46 I (let• ((lex-2 (get-morph-coocrec-elemcn t morph-coocrec'lex-2)) 

L 
21 47 , (pos-2 (gc t-111orph-coocrec-ele111cn t 111orph-coocrec'pos-2) J) 

... ● ................ , 

2148 1 (setq temp-output ................. , 
2149' (adjoin (list lex-2 pos-2) temp-output ,test l'cq11<1l)))) 

... ● ..........  , 

2150 I (setq output temp-output))) ................... 
2151 I ・・・・・・・・・・・・ ・1 

output))) 
2152 :rrs' ・1 ;;; くくAllowsemantic smoothing when seeking windowーmates for a morph. 
21541 ;;;Look up cats for that morph, find the cats which they co-occur with, ................. , 
21 55 I ; ; ; and the morphs which were associated with the co-occurring cats in the corpus .............. 
ll.5§.」;； ; Iff LEVEL is specified, collect ancestors for all associated cats 
2157 i ;;;and then filter, using only cats at the right level 
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21 58 ; ;、•、•Else any cat codes supplied by the thesaurus are used, 
21 59 ! ; ; ; and these can be at several levels. .............. 
2160 ! ; ;、•CATS keyword arg allows input of thesaurus codes; ............ 
2161' ................. , , ； ; ; if ca ts are supplied, then we can skip trying to look up ca ts 
21 62 i ; ; ; for this morph using GET-MORPH-CATS. 
2163"・; (defun get→ 11orph-wi11dow-ma tes-via-ca ts-with-files 
... ZT6°4 ... ! (Il pos-1 lex-1 pos→ directory corpus-pref ix morphs-to-ca ts-prefix ............... .. 
2165 ! 

.. , 
, ............ . &key 
2166・ 

... , 
1 (level nil) .... , .. , ... ,a"•· 

(threshold nil) 
(threshold-key'conditional-probability) 
(filter-self t) 
(thesaurus'thesaurus-full) 
(return一morphs-onlynil) 
(cats nil)) 

(let• ((output nil) 
(morphs-to-cats-file --(format nil" A A.morphs.to.cats" 

(if (null•morphs-to-cats•) 
(progn 

(format t "~%Loading morph-to-cats from fi.le -•. " morphs-to-cats-file) 
(load-morphs-to-cats morphs-to-cats-file))) 

(let ((cats-at-right-level nil) 
(cat-window-mates nil) 
(morphs-under-cat-window-mates nil)) 

、,Iff LEVEL is specified, collect ancestors for all associated codes 
; ； and then filter, using only codes at the right level 
; ； Else any codes supplied by the thesaurus are used, 
; ； and these can be at several levels. 
; ； If CATS arg is supplied, use its value, after 
; ; filtering to make sure supplied cnts were at the specified semantic level. 
(if cats 

(loop for cat in cats do 
(if (equal (length cat) level) 

(setq cats-at-right-level 
(adjoin cat cats-at-right-level , test I'equnl)))) 

; ;Else look up cats in•morphs-to-cats• 
(setq cats-at-right-level 

(get-morph-cnts lex-1 pos-1•morphs-to-cats• , thesaurus thesaurus , level level)) I 
(if cats-at-right-level 

(loop for cat-at-right-level in cats-at-righ← level do 
(loop for window→ uate-for-cat-at-right-level in 

(get-cat-window-mates-with-files 
n cat-at-right-level directory corpus-prefix 
・threshold threshold 
threshold-key threshold-key 

: filter-self filter-self 
: return-cats-only t) 

do 
(setq cat→ window-mates 

(adjoin windowーmate-for-cat-at-right-levelcat-window-mates ,test I'equal))))) 
(if cat-windowーmates

(progn 
(loop for cat-windowーmatein cnt-window→ nates do 

(let ((cat→ ,indow→ uate-morphs 
(get-cat-morphs-with-files 
cat-windowーmatedirectory morphs-to-cats-prefix ,pos pos-2 J) J 

..... c .. ・.......... ・ 

2216 l (loop for cat-window-mate-morph in cat-window-ma te-rnorphs do ..................... , 
2217 ; (setq morphs-under-cat-window-mates ...................... 
2218 ! (adjoin cat-winclow-mnteーmorphmorphs-under-ca t-winclow-ma tes , test I'equal))))) ..................... 
2219; (setg outpllt morphs-under-cat-windowーmates)))

●● ............... .. 

2220 ! .............. 
2221 i ; ; If we are to RETURN-MORPHS-ONLY .............. 
2222' 

， 
................ , (if (and output return-morphs-only) 

2223 ! ................... .. (let ((temp-output nil)) 
... l2.2 .. 4」 (loopfor 111orphrec in output do 
2225 I (let• ((lex (get-morphrec-elernent morphrec'lex)) 

・z:ur; 
2碑...i (pas (get-morphrec-elernen t rnorphrec'pas))) 

●●● ● ● ● ........... , 
(setq temp-output 

2228 I (acljoin (list lex pas) temp-output ,test #'equal)))) 
●●● ● ● ● ............ .. 

.. .?.~.?.Q ... I (setq ouヒput tem[た output))I 
2230 i ●● ● ..........  . 

outpliヒIll
2231 ! 
四 3江；；； ≪Usingthe most specific info available, ............. 
2233 i ; ; ; Seek window-nrntes for the specified mor.pli. 

●● ● ● ● ● ......... .. 

2234 i ; ; ； Try without semantic smoothing first. 
●●● ● ● .......... .. 

2235 i ;;;If we fail, try semnnヒicsmoothing <1 t .several levels, .............. .. 
2236 I .................. ; ; ; using the most specific lcvel first. 
2237 ! (defun get-morph-windowーmatcs-mos t-spec i. (ic-~i th-files ............、
2238 I (n pos-1 lex-1 pos-2 directory corpus-prefix morphs-to-cnts-pr.c(ix 

... .. 2i:i'9"•j &key (level nil) (threshold nil J (thr.esholcl-kcy'comli ti.011,11-p.robobili ty) (f ilter-sclf t) 

..... ii4'b'.. I (thcsnurus'thcsnurus-(ull) ................... 
2241・ 

... , 
........... ! (db-pos-display'cngl i.sh) 
2242 I (retur.n-morphs-only nil)) 

224TI ................... (let• ((results nil)) 
2244 ............... .. 」 (let ((rcsults-witliout-cnts 
... ?2.45 ..」 (c1ct-morph-wi11do正 mntcs-with-[ i.l.es 
2246 I II pos-1 lcx-1 po:.,-2 dircct.or.y corpus-pr.c[i.x 
D. 町..., , thr.eshold threshold , thresho lcl--kcy thrce1hold-key 
四蒻...I , (ilter-sel(filter-self 

2249 ! 
， 

........... ヽ : clb-pos-clisplay clb-pos-cl lspl.;iy 
2250 ! ,return-morphs-only rctur.n-morphs-only))) .............. 
2251' 
2252・ .. ·••l (if results-without-cnts 
V.?.t., (progn 
22541 (format t ,.-,,,rhc lollowing rcsults were obtnined for spcci.(ic morphs in corpus, without scm;intic s111oothin9.") 

""2is・s"・i c sctq resultsェc,.ults-without-c,,ts))................ .. 
2256 I 
2257 I ; ;If 110ェesultswithout cnts, try using cats. ................ , 
2258 ! ;;>'irst determine whether any cats are listed for this 111orph in appropr.l,1tc mor.phs-to-cats. 

●● ............ .. 

2259 ! 〈let ((cats 
2260 I (getーmorph-ents-with-files 
2261 I lex-1 pas-L directory rnor.phs-to-ca ts-pref ix 
iiG'i'.1 , thesaurus thesaurus .... 

2263 i : level level))) ..... ,._ .. , ...... , 
i 

、,； If no cats ,ire listed, the morph is either 
、,； (a) not in the current corpus or 
; ; (b) one of the corpus morphs with fniled thesaurus look.up 
; ；Tェy looking it up in the speci.fiecl thesaurus. 
(if (null cats) 

(progn 
(format t "-¥No cats li.stecl for this morph in corpus. Trying lookup in -s." thesaurus) 
; ； Make du111111y morphrec for use in thesal江 uslookup. 
(let• ((d11111111y-morphrec (mar.e-rnorphrec lex-1 pos-1)) 

(thesaurus-entries 
(get-thesaurus-entries-with-files 
clu111111y-111orphrec clirec tory 
• thesaurus thesamus)) 
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..... -.-... -.. -.... , 
2306 ! ............. .. 
2307• 
2308 ! 

FILE 

cooc.lisp 

TEXT 

(cats-from-thesaurus nil)) 

(loop for entry in thesat江 us-entriesdo 
(let ((cat-codes . 

(get-thesaurus-entry-element entry'cat-codes , thesaurus thesaurus))) 
(loop for cat-code in cat-codes do 

(setq cats-from-thesaurus 
(adjoin cat-code cats-from-thesaurus ,test l'equal))))) 

;;If there were no cats in the thesaurus 
(if (null cats-from-thesaurus) 

(format t ,.-屯Nocats listed for this morph in -s." thesaurus) 
; ； but if thesaurus search did yield ca ts use them 
(progn 

(format t "-%Found cats -s in -s." cats-from-thesaurus thesaurus) 
(setq cats cats-from-thesauェus)

1 ;Seek window mates at the most specific levels first. 
; ； Quit as soon as any result is found. 
(loop for level from 4 downto 1 until results do 

(setq results 
(get-morph-window-mates-via-ca ts-with-files 
n pos-1 lex-1 pos-2 directory corpus-prefix morphs-to-cats-prefix 
: level level 
: threshold threshold 
: threshold-key threshold-key 
: filter-self filter-self 
: thesaurus thesaurus 
: retuェn-ruorphs-onlyret1m1-morphs-only 
: cats cats)) 

(if results 

DATE 

TIME 

"2'杖沿"i
2310 ! 

(format t ,.-もSemantic co-occurrence records at level -s gave the follo・,ring results." level))))))))))) 

..... 四'「「l
results)) 

............ .. 
; ; ； 2312 ; 

＂＂が f'j"3"i; ； ; II. C, 6 , MAKING MORPH-COOCRECS-SORTED 
"";!Jf4"'i ... ==================================================================================== ...................... , 
2315 ! .................... .. 

; ; ；、・MakesMORPU-COOCRECS-SORTED for a corpus, using MORPH-COOCRECS-INDEXED as input. 2316・ 
.. 2宮「f.. , • (defuu make→ norph-coocrecs-sorted-wi th-files 
2318 ! 

.. -.-.. —.-... ・ 2323 i ............... 
2324' 

(n-range pos-1-list pos-2-list directory corpus-prefix 
&key (db-pos-display'english) (threshold O, l) (threshold-key'conditional-probability)) 

(let• ((111orphrecs-indexed-file (format nil "-A-A.rnorpl江 ecs,indexed" directory corpus-prefix)) 
(rnorphrecs-indexed (read-from-file morphrecs-indexed→ file)) 
(morph-coocrecs-indexed-file (format nil ,,-ぷ0A.rnorph.coocrecs.indexed" directory corpus-prefix) I 
(111orph-coocrecs-indexed (read-from-file rnorph-coocrecs-indexed-file)) 
(morph-coocrecs-sorted .:2究・s.. ; (make→ norph-coocrecs-sorted 

2326 i n-range pos-1-list pos-2-list morphrecs-indexed 111orph-coocrecs-indexed 

2327 ! 1db-pos-display db-pos-display I threshold threshold I threshold-key threshold-key)) 
2328 , (111orph-coocrecs-sorted-file (format nil ,,-ぷA.morph. coocrecs. sorted" directory corpus-prefix)) I 
2329 i (format t "Writing to -s-も" morph-coocrecs-sorted-file) 
2330 i (write-to-file-no-pp rnorph-coocrecs-sorted rnorph-coocrecs-sorted-file))) 
2331• 
2332 ! ; ；； Given MORPH-COOCRECS-INDEXED, collects all morph-coocrecs for specific pos's and 11. 

万IH...' ; (defun 111ake-111orph-coocrecs-sorted .......................、
2334 ! (n-range pos-1-list pos-2-list rnorphrecs-indexed rnorph-coocrecs-inclexed 
DJs, &key (threshold O .1) (threshold-key'conditional-probability) (clb-pos-display'english) I 
2336 ! (let (output) 
2337 , (loop for n from (first n-range) to (second n-range) do 

2338 i (loop for pos-1 in pos-1-list do 
2339 i (loop for lex-1 in (second (assoc pos-1 morphrecs-indexed)) do ................... 
2340 ! 
2341 , 
2342• ........ _ ...... —..... 
2 

.... 芯.,.,........、
2355 ! 
2 356 ! 

(loop for pos-2 i11 pos-2-list do 
(loop for lex-2 in 

(second (assoc pos-2 morphrecs-indexecl)) do 

(let• ((morph-coocrec 
；；く (CREATIONOF MORPH-COOCREC. 
;； ≪CONVERTS PARTIAL MORPII-COOCREC TO COMPLETE ONE AT FETCH TIME 
(make-and-get-morph-coocrec 
n lex-1 pos-1 lex-2 pos-2 rnorph-coocrecs-indexed 
: db-pos-display clb-pos-display)) 

(threshold-key-value 
(get→ norph-coocrec-elemen t 

morph-coocrec threshold-key))) 
(if (>= threshold-key-value threshold) 

(sctq output (cons morph-coocrec output))))))))) 
；；く <Sortingby mutual-information-smoothed -- fixed key. 
(sort→ norph-coocrecs output threshold-key))) 

2357• 
2358・, ; , ・； =========================================================-========================== 

2 359 ! ; ；； II, C. 7, SOR1'ING MORPII-COOCRECS-SORTED 
2360・ ; ; ; ==================================================================================== .................. .. 
2361 ・

万瞬...j (dcft111 sort-morph-coocrccs (morph-coocrecs-sortcd element-name) 
.... 四甜i (let ((position (goヒーmorph-coocrcc-elcmcnt-positionelcmcnt・-name))) ........... 
2364 I ; ; LAMIJD,¥ means "test whether l.ist-l is greater than list-2 

・z3話...! ; ;wi.th rc.spcct to the clements at nth posiヒion"
2366 (sort morph-cooc rcc$-sOrtcd 
2367 I'(lc1111!Kl,1 (ll.stl list?.) 
2368 (if (not (numberp (nth position listl))) 
2369 (crro℃ "can't sort, pointer to non-numerical clement in morph-coocrcc") 

2370 (〉 (nth position listl.) (nth position list?.))))))) 

2 371 
23・グi" . . . = = = = = === = = = = = == = = ==== ======= ========== ================= ==== = == = == == = === ==== == = == = = = = 

2 37 3 ; ;; II. C, 8. QUERY ING MORl'II-COOCRECS-SOR'l'ED 
23万... . .. = = = === = = = = = = = == == === ======================== =========== ======== ==== = = ====== == = == = = = = ,, , 
2375 
2 376 ; ; ;Collects list o(c. g. conditional-probability values over all MORPII-COOC!lECS-SOll'l'!Cll 
2377 (cle ft111 gct-all-morph-coocrec-elcments 

2378 (clemen t-nnme morph-coocrecs-sorted) 
2379 (loop for 111orph-coocrec in morph-coocrecs-sorted collect 
2380 I (gct-morph-coocrec-element morph-coocrec elernent-name))) ＂．．．．．．．．．．ば.., ..... 
23 

,、,··••=•==•=========••===-------------==-•-===••========----------·· ニ•=•--====•=••=•--
,、, II .C. 9, DEPINING MORPII-COOCRECS-DIFFREC 

....... -.. , ........... ;;; 

2385 I ＇曹曹曹● o·•o・・,.. , ... , 
; ； , ・A MORPH-COOCREC-DIFFREC is a record of the comparison between 
; ； ; comparable MORPl!-COOCRECs in two corpora. 
(cle fv ar *morph-coocrec-dif frec-elemen ts' ― 

.. -―ぷ....!'I In O) 
2390 I 0"C"C·o·"··•·· 

(lex-1 1) 
I ! (pos-1 2) 

(lex-2 3) 
(pos-2 4) 
(element-1 SJ 
(element-2 6) 
(difference 7) 
(count-1 8) ;morph-1 segn,ent count in corpus-1 
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LINE# 

2398 ; (count-2 9) ;morph-1 segment count in corpus-1 
2399 , ．．．．．．．．．．．．．．．．．．．．．．．； (count-scun 10111 ;1uorph-l segment count in corpus-1 

2400: ................ 
.?..1.QJ .. _! (defun make-morph-coocrec-diffrec (n lex-1 pos-1 lex-2 pos-2 element-I elemeut-2 difference count-1 cocrnt-2 count-sum1 
2402' (let ((morph-coocrec-dif frec 
2403"i .................... , (loop for ele1uent in•morph-coocrec-diffrec-elements• collect nil) I) 
2404 ! diff (setq morph-coocrec-diffェec (pt1t-morph-coocrec- rec-element moヱph-coocrcc-diffrec'n n 11 
2405 .. 1 (setg roorph-coocrec-dif frec (pllt-morph-coocrec-diffrec-element morph-coocrec-diffェec'lex-1 lex-11) 

(setq morph-coocrec-diffrec (put-morph-coocrec-diffrec-element morph-coocrec-diffrec'pos-1 pos-1 I I 
(setq morph-coocrec-cliffrec (put-rnorph-coocrec-dif frec-elernent morph-coocrec-diffrec'lex-2 lex-211 
(setq rnorph-coocrec-diffrec (put-mo工ph-coocrec-diffrec-elementmorph-coocrec-diffrec'pos-2 pos-211 
(setq ruorph-coocrec-diffェea (put-morph-coocrec-diffrec-element morph-coocェec-diffェec'clement-Ielement-111 
(setq rnorph-coocrec-dif frec (put-morph-coocrec-diffrec-element morph-coocrec-clif frec'element-2 element-211 
(setq rnorph-coocrec-clif frec (put-morph-coocrec-diffrec-element morph-coocrec-diffrec'difference difference I I 

.... ―.... .-... ・... o. ... , , (setq morph-coocrec-diffrec (put-rnorph-coocrec-diffrec-elernent morph-coocrec-diffrec'count-1 count-111 
241 3 ! .......................、 (setq rnorph-coocrec-dif frec (pt1t-morph-coocrec-dif frec-element morph-coocrec-diffrec'count-2 coun t-2) I 
241 4'! (setq rnorph-coocrec-dif frec (put-morph-coocrec-diffrec-element morph-coocrec-diffrec'count-stun coun t-sしuniI 

2415' rnorph-coocrec-dif free I I 
2416・ ．．．．．．．．．．．．．．．．．．．．．．． 

2417 ; (de fun get-morph-coocrec-cliffrec-element-position (element-name I 
2418 i ..................... , (second 
2419 I 

．．が位・o・"!
(assoc element-name•rnorph-coocrec-diffrec-elements• I) I 

.................... 
2421 ! (defun get-ruorph-coocrec-diffrec-element (mo工ph-coocrec-diffrecelement-name) ....................... 
2422 , (let ((position (get-morph-coocrec-cliffrec-element-position element-name I)) 
2423・ .................... , (nth position rnorph-coocrec-cliffrec) 11 
2424・..................... 
2425 ................ .. l (defun put-rnorph-coocrec-diffrec-element (morph-coocrec-diffrec element-name value) 
2426; ...................... . (let ((rnorph-coocrec-diffrec-copy (copy-list rnorph-coocェec-diffェec1I 
2427' ..................... 1 (position (get-morph-coocrec-diffrec-element-position element-name I I) 
2428' ............... ・・"""' (setf (n七hposition ruorph-coocrec-cliffrec-copy I value I 

ruorph-coocrec-diffrec-copy)) 

(defun add-morph-coocrec-diffrec-element (morph-coocrec-dif free element-name value) 
............... c. ... i (let ((moェ (copy-listrnorph-coocrec-cliffrec I I 
, . .11.U ... i (old-value (~et-morph-coocrec-diffrec-element moヱph-coocrec-diffrecelement-name I) 
2434 I ....................... , (new-value nil) 
2435 ! ・z年36!

(position (get-morph-coocrec-diffrec-element-posi tion element-name 111 
(if (not (listp old-value I) 

2437 ! (error "old value not a list") 
2438; (progn (setq new-value (adjoin value old-value , test i'equal I) 
2439 i ，．．．．．．．．． (setf (nth position morph-coocrec-cliffrec-copy I new-value)) I 
2440 l ...................... ! moェph-coocrec-diffrec-copy))
2441 , 
2平位..., , (defun sort-roorph-coocrec-diffrecs (morph-coocrec-dif frecs element-name) 
2443 .................... ..i (let ((position (get-rnorph-coocrec-diffrec-elernent-posi tion element-name))) 
2444 ! ................... ; ; L詔 BOAmeans "test whether list-1 is greater than list-2 
2445 I ; ; with respect to the elements at nth position" 
2446, (sort morph-coocrec-diffrecs 
2447' ................ • I'(lambda (listl list21 
2448' .................. 1 (if (not (munberp (nth position listl) 11 
2449 ! .................. , (error "can't sort, pointer to non-numerical element in rec" I 
2450 1 ．．．．．．．．．．．．．．．．．．．． (> (nth position listl I (nth position list2)) I I I I I 
2451 l 
2・面5を...i ; ; ; ==================================================================================== 
2453 ! 
z4s4・.. : 

; ; ; II. C .10. COMPARING MORPH-COOCRECS-SORTED 
．．．．．．．．．．．．．．．．．．．，；；； 

2455 i 
2456, ......... …,  ; ； ; Compares MORPH-COOCRECS-SORTED in two corpora. 
2457・• ; ; ; Assumes MORPH-COOCRECS-SORTED-FILES have been presorted as desired. 
2458 • '(defun compare-morph-coocrecs-sorted 
2459 , (directory corpus-prefix-I coェpus-prefix-2
2460 , &key (element'conditional-probability I I 
2461 I 
2462 ! (let* ((rnorph-coocrecs-soェtecl-file-1 (format nil .,-A-A.morph.coocrecs.sorted" diェectorycorpus-prefix-1 I I 
2463 , (rnorph-coocrecs-indexed-file-2 (format nil "-A-A. morph. coocrecs. indexed" directory corpus-prefix-211 
2464・ ....... ュ・"... I (rnorph-coocrecs-sor ted-file-2 (format nil "-A-A. morph. coocrecs. sorted" directory corplls-pェefix-2I) 

(output-file (format nil .,-A―A. vs, -A. morph. coocrecs, comparison" directory corpus-prefix-1 corpus-prefix-2) I 
(rnorph-coocrecs-1 (read-from-file morph-coocrecs-sorted-file-1 I I 
(pairs-1 
(loop for record in morph-coocrecs-1 collect 

(list 
(get-morph-coocrcc-element record'n I 
(get-morph-coocrcc-element record'lex-11 
(get-morph-coocrec-elcment record'pos-11 
(get-morph-coocrcc-element record'lex-21 
(get-rnorph-coocrec-element record'pos-21) 11 

(moェph-coocrccs-indcxecl-2 (rcacl-from-file morph-coocrccs-inclexed-file-211 
(moェph-coocェecs-2 (read-from-file morph-coocrecs-sor tee!-filc-2 I I 
(pairs-2 
(loop for rec ore! in morph-coocrecs-2 col.lee t 

(list 
(get-morph-coocrcc-elcment record'n I 
(gct-morph-coocrcc-elcmc『,t record'lcx-11 
(gct-morph-coocr.cc-clcmcnt record'poo-11 
(get-morph-coocrcc-el.emcnt record'l.cx-21 
(gct-morph-coocrcc-cl.cmont record'pos-, 1111 

(in-both (intcrsacti.on plli.rs-1. pairs-2 ,t<,sl'. l'cqull¥11 
(in-both-count (length Ln-・bothl I 
(in-pairs-1-lrntーnot-in-pairs-2 (sct-dlffernncc p,li.rs-l plli.rs-2 , test I'cq1<all) 
(iu-pairs-2-lmt-uot-Ln-pairs-l (sct-cliffon,nco p,, Lrs-2 pai r.s-1 , test I'C<[llllll I 
(ln-both-dif fcrencc-rccords-corpus-1-ordor n l.1.) 
(in-both-di f fercnco-rccords-1<,ast-cli.f fcr.onco-or.clcr. n I LI 
(ln-both-dif f crencc-rccords-grca tcst-coun Lーぶum-o,:cI,,,: nll) 
(summed-in-both-differences O. 0 I 
(average-in-both-ditfcrcnccs n i1 I 
(average-pairs-J.-elemcn t nil) 
(average-paiェs-2-elementnil) 
(scmuucd-pairs-1-elements 0.01 
(sunm,ed-pairs-2-elcments 0. 0 I 

(morphrecs-indexecl-file-1 (format nil ,,-A―A. morph recs. inclcxccl" clireclory corpus-prctix-111 
(morphrecs-inclexecl-1 (read-from-file morphrccs-inclcxccl-tile-11 I 
(rnorphrecs-indexed-file-2 (format nil " A A. morph recs. indexed" dircc tory corpus-prcfix-211 
(morphェecs-indexecl-2 (read-from-file morpl<rocs-inclexecl-fiJ.c-211) 

(if output-file 
(if (probe-file output-file I 

(delete-file output-file I) I 

,、Loopthrough MORPH-COOCRECS-SORTED-FILE-1、the training corpns, 
; ; so that this ordering will be preserved. 
; ; If retrieved info shows a pair ¥lhich is in both corpora, go ahead. 
(loop for record-1 in morph-coocrecs-1 do 

(let ((n (get-morph-coocrec-element record-I'n)) 
(lex-1 (get-morph-coocrec-element record-1'lex-11 J 
(pos-1 (get-morph-coocrec-elernent record-1'pos-111 
(lex-2 (get-morph-coocrec-element record-1'lex-2)) 
(pos-2 (get~rnorph-coocrec-eleiuent rccord-1'pos-2)) I 
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TEXT 

(if (member (list n lex-1 pos-1 lex-2 pos-2) in-both ,test #'equal) 
(leい ((record-2

；パくRE-CREATIONOf MORPl!-COOCREC at fetch time 
(make-and-get-morph-coocrec 
n lex-1 pos-1 lex-2 pos-2 morph-coocrecs-indexed-2)) 

, ; ELEMENT is e, g. CONDITIONAL-PROBABILITY. 
(elernent-1 (get-rnorph-coocrec-element record-1 element)) 
(element-2 (ge七ーmorph-coocrec-elementrecord-2 element)) 
(difference 
(round-to-n-digits 
(abs 1-elernent-1 elernent-2))•significant-digits•))) 

, , MAKE A NEW DIFFERENCE RECORD. 
(let• ((morphrec-1 (first (get-morphrecs lex-1 morphrecs-indexed-1 ,pos pos-1))) 

；；くくGetsame info -- for LEX-1 and POS-1 --from MORPl!REC-2 
(morphrec-2 (first (get-morphrecs lex-1 morphrecs-indexed-2 , pos pos-1))) 
(count-1 (get-morphrec-element morphrec-1'morph-segments-count)) 
(count-2 (get呵 orphrec-elernentmorphrec-2'morph-segments-count)) 
(count-stun (+ count-1 count-2)) 
(newーmorph-coocrec-diffrec
(make-morph-coocrec-di f free 
n lex-1 pos-1 lex-2 pos-2 element-1 element-2 difference count-1 count-2 count-sum))) 

(setq in-both-difference-records-corpus-1-order 
(cons 
new-rnorph-coocrec-diffrec 
in-both-difference-records-corpus-1-order))) 

; ； Maintain running srnns. 
I setq stumned-in-both-differences (+ sturnned-in-both-differences difference J) 
(setq sturnned-pairs-1-elements (+ Sllll皿 ed-pairs-1-elementselement-1)) 
(setq stunmed-pairs-2-elements (+ Sllll皿 ed-pairs-2-elementselement-2)))))) 

I setq in-both-difference-records-corpus-1-order (reverse in-botb-difference-recorcls-corpus-1-order)) 
I setq in-both-difference-records-least-difference-order 

(reverse (sort-morph-coocrec-diffrecs in-both-difference-records-corpus-1-order'difference) J) ; く<reverse
(setq in-both-difference-records-greatest-count-stun-order 

I sort-morph-coocrec-diffrecs in-both-difference-records-corpus-1-order'count-stun)) 

, ； Get averages if there are any shared records. 
; ； If not, averages remain nil. 
(if in-both-count 

(progn 
(setq average-in-both-differences 

(round-to-n-digi ts 
I/ (float SLUI皿 ed-in-both-differences) (float in-both-count))•significant-digits•)) 

(setq average-pairs-1-element 
(round-to-n-digi ts 
(/ (float stumned-pairs-1-elements) (float in-both-count))•significant-digits•)) 

(setq average-pairs-2-element 
(rouncl-to-n-digi ts 
(/ (float stmm,ed-pnirs-2-elements) (float in-both-count))•significant-digits•))) I 

,、PRINTINGSTARTS 
(smart-format output-file ,,-,;;; -A and -A、;;; compared in terms of -s" 

morph-coocrec s-sorted-fil色―1 morph-co~crecs-sorted-file-2 element.) 
(smart-format output-file "-2%(average-_s-corpus-l s)" element average-pairs-1-elernent) 
(smart-format output-file "―2% (average- 炉 corpus-2 ~s)" element average-pairs-2-element) 
(smart-format output-file "-2% (average--s-clifference―s)" 

element average-in-both-differences) 

(smart-format output-file "-2%(in-both-pairs-count -s)" 
(length in-both-dif ference-records-corpus-1-order)) _ 

(smort-forma t output-file "-2, (difference-recorcls-corpus-1-order s)" 
in-both-di f ference-records-corpus-1-orcler) 

I smart-format output-file "-2, (difference-records-least-difference-order -s)" 
in-both-cliff erence-records-least-difference-order) 

I smart-format output-file ,,-2, (difference-records-greatest-count-sum-order -s)" 
in-both-difference-records-grea test-count-sum-order) 

I smart-forrna t output-file "-2, (in-corpus-l-but-not-corpus-2-coun t -s)" 
(length in-pairs-1-but-not-in-pa irs-2)) 

(smart-format output-file ,,-2, (in-corpus-1-but-not-corpus-2 ―s)" in-pairs-1-but-not-in-pairs-2) 

I smart-format output-file "-2'(in-corpus-2-but-not-corpus-1-coun t―s)" 
(length in-pa irs-2-but-not-in-pairs-1)) _ 

(smart-format output-file "-2'(in-corpus-2-but-not-corpus-1 s)" in-pairs-2-1,u t-not-in-pa irs-1 J J J 

2572 
．曹＂曹曹ー-------…--
2573 
2574 -----------------. 
2575 i 

・ー・25グも．！ 
....... ……... 

2577 ! 
... .. お冗n
2579 ; 
2580 i 

2581 i 

---------い---------、2582 ! 
，2森'f!
---------------
2584 ! 
2585' --曹ー........... .. , 

2586 ! 
2587 i 
2ダ邸!
"Is祁!............... 
2590 ! ..........•.. 
2591' 
2592 

•. 1 

···•··········•··I 
2593 I 

2594 ! 
2595 ! 
2596 ! 
2597 , 

二図§互¥¥J;;;;;;;;;;;;;,・;;;;;;;,・;;;;;;;;;;;;;;;;;;;;;;;;,・,・;,・;;;,・;;;;;;;;;;;;;,・;;;;,,;;;,;;,、;,;、,

2599 I ; ;; II. D. DEFINING NODE-S'l'llUCTURE 

2600 ••············•··I ; ; : : : : ; ,. :: : ; ; ; : : ; ; ; ; ; : ; : ; ; ; ; ; ; : ; ; : ; : : : : ; ; ; ; : ; : : ,・:;;:;;;;'';:;;;:';:;:;;;';:';;;:::,.;;. ・；
260 I ; .............. , 
2602 ! defvar *node-structure-clements• .. …....... I 
2603 ! ...... 曹●曹●● ~ 

'((object 0) 
2604 ! (daughters 1) 
....... 曹曹..曹●● ● 

2605 1 
......  ... ● 曹曹....., 

(cat.rec 2) 
.~6Ql'i」 (morphrecs 3))) 
2607 I 
2608 ! 

~"; 
(defun make-node-structure (object) 

2609 ! (let ((node-structure 

2610' (loop for element i.n•node-structure-elements• collect nil))) 
・i6TT .. I (setq nocfo-str.t1cl:urc (put-node-structure-element node-structure'object object)) 
2612' node-structure)) 

．．．蒻f:f'I
.ヽ.............會1
2614・(defun get-node-structure-element-position (element-name) .. …......... 
2615 (second 
2616 (,1ssoc elc111ent-n11111e 
2617 •node-structure-elements•))) 

2618 
2619 (def u n ge t-uode-s truc ture-element (node-structure element-name) 
2620 (let I (position (get-node-structure-element-position element-name))) 

2621 
...... 

(nth position node-structure))) •············ 
2622 
2623 ,','； Non-clestructi ve, returns a copy of the input nocle-s true ture with 

2624 ; ,'： the specified 111ocl lfic,1tion. 
2625 (cleft111 put-node-structure-element (node-structt江 eelement-name value) 
2626 (let ((node-structure-copy (copy-list node-structure)) 
:i:'6曹'j_f' (position (gcヒーnode-s tructure-elemen t-posi t ion element-name . . )))  
2628j (setf (nヒhposition nocle-structure-copy) value) 

11ode-structure-copy)) 

(clefllll aclcl-node-struc ture-element (node-structure element-name value) 
(let ((node-structure-copy (copy-list node-structure)) 

(old-value (9et→ 1ode-structure-element node-structure element-name)) 
(new-value nil) 
(position (9et-node-structure-element-position element-name) J) 

(if (not (listp old-value)) 
(error "old value not a list") 



•• ・===============================================================================ー＝＝＝＝
1 ; ; ; II. E. l. DEFINING CATREC DATASTRUCTURE ...... , ............ , 

2648 ! .-.-;==================================================================================== ................. 
2649' ..................... , 
2650 i (defvar *catrec-elements* 
2651 : .................... '((code O) 
2652 ! (seCJluen ts l) 
2653 ! ..................... (hit-count 2) 

2654 l (cat-segn,ents-count 3) 

．．．．．．． 2655 l ．．．．．．．．．．．．．．， (occur-in-seCJluen t-probabili ty 4) 
2656 ! (occur-in-seCJluent-in forrna tion 5) 
2657 ; (occur-in-seCJluent-probabili ty-smoothed 6) 

(ca t-unigrarn-probability 7) 
(cat-unigram-information 8) 
(cat-unigram-probability-smoothed 9))) 

(defun make-catrec (code) 
(let ((ca tree 

(loop for element in•catrec-elements* collect nil))) 
(setq catrec (put-catrec-elernent catrec'code code)) 
catrec)) 

(de fun get-ca trec-element-position (element-name) 

...... 六ぷ.,..... 
(second 

2670) (assoc element-name 
．．．．．店汀..j *catrec-elements*))) ....................... 
2672, ．．．．．．．．．．．．．．．．．．． 

2673' , (defun get-catrec-element (catrec element-name) .................... 
2674 i (let ((position (get-catrec-element-position element-name))) 
2675 : ．．．．．．．．．、．．．．．．．． (nth position catrec))) 
2676 ! ．．．．．．．．．．．．．．． 

2677 
.. , 
; (defun put-catrec-element (catrec element-name value) 

(let ((catrec-copy (copy-list catrec)) 

................ 
2690 ................ 
2691・ 
2692 i ．．．．．．．．．．．．．．．．．．．．．．． 

2693 ! ................... , 

(position (get-catrec-element-posi tion element-name))) 
(setf (nth position catrec-copy) value) 
ca tree-copy)) 

(de fun add-ca tree-element (ca tree element-name value J 
(let ((catrec-copy (copy-list catrec) J 

(old-value (get-catrec-element catrec element-name) J 
(new-value nil) 
(position (get-catrec-element-position element-name) J) 

(if (not (listp old-value)) 
(error "Old value not a list." J 
(progn (setq new-value (adjoin value olcl-value , test I'equal J) 

(setf (nth position ca tree-copy) new-value) J) 
ca tree-copy)) 

2694 ! ・ ・ ・==================================================================================== 
2695 ; ・ ・ ・ ,, , II. E. 2. MAKING CATRECS. SORTED 
2696: : ；；； ==================================================================================== 

2697 ; ................... 
2698 ; (defun make-catrecs-sorted-with-files ................. 
2699 ! (directory corpus-prefix morphs-to-cats-prefix 
2700' &key (thesaurus'thesaurus-full)) 
270 I , . (let< ((morphェecs-sorted-file (format nil " A A. morphrecs. sorted" clirec tory corpus-prefix)) .................. 
2702 ; 
2703 ! 

(morphs-to-cats-file (format nil "-A-A. morphs. to. ca ts" clirec tory morphs-to-ca ts-prefix)) 

・210年！
(morphs-global-file (format nil "~A―A.n,orphs.global" directory corpus-prefix)) 
(ca trees-sorted-file (fonaa t nil ,.~ぷA.caば ecs.sorted" directory corpus-prefix)) 

2705; ．．．．．．．．．．．．．．．．．．．．． (morphrecs-sorted (read-from-file morphrecs-sorted-file)) 

2706 i ................. .. (morphs-to-cats (read-from-file morphs-to-cats-file)) 
2707 l (ca丘 ecs-sortecl................. , 

DATE 

Tl~IE 

2708: 
2709 , 

(make-ca trees-sorted morphrecs-sorted morphs-to-cats mo.rphs-glolrnl-file , thesaurus thesaurus))) 

2710• 
(write-to-file-no-pp catrecs-sorted ca丘 ecs-sorted-file)))

2711' ; (defun make-ca trees-sorted (morphrecs-sorted morphs-to-cats morphs-global-file &key (thesaurus'thesaurus-full)) 
271 Z ; (let* ((prelim-results (make-ca已・ecs-sorted-prcliminarymorphrecs-sorted morphs-to-cats , thesaurus thesaurus)) 
2713 I (total-number-of-cats (first prelim-results)) 
2714 I . (munber-of-dif fcrent-cats (second prelirn-results)) 
2715' : (prelim-catrecs-sorted (third prclim-results)) 
2716 i (augmented-caは ccs-sorted
2717 , (a⑲ nent-ca丘 ccs-sorted
2718 i prelim-caば ecs-sorted
2719 total-number-o(-cats 
2720 numbor-o(-dif (crent-ca ts ................. 
2721 morphs-global-(i.le))) 
2722 11ugmcntect-catrccs-sortccl)) 

2723 
... 27_24 ... (defun m11ke-catrccs-sortcd-prcliminary (morphrecs-sortcd morphs-to-cats &key (thc.saurus'l:hcs,rnrus-ful.l)) 
りヽ・2_72.5... ( leヒ( ( catrecs-sortcd nil) 
2726 
2727 
2728 
2729 
2730 
2731 
2732 
2733 
2734 
2735. 
"z135・1 
2737 I 
27 38• 
2739 , 
2740 i 
2741 ; 
2742 i 
2743 ; 
2744 ; ................... , 
2745 ! ................. , 
2746, .............. 
2747; 
2748 i 
2749; 
2750 i 
2751 i 
2752 i 

(total-1111111l1cr-o(-cats O) 
(1111mbcr-of-cliffcrc11t-cats 0)) 

(loop for morph rec i11 morphェccs-sortcddo 
(let• ((lex (gct-morphrec-elcmcnt morph.rec'lex)) 

(pos (gct-morphrec-clcmcnt rnorphrec'pos)) 
(morph-.cacgmcnts (gct-morphrcc-olcmcn t morph rec'scgu,cn ts)) 
(morph-h l t-count (gct-morphrcc-clcmcnt morph rec'hi t-cou11 t)) 
(tcrmin,11-cats (get-morph-c,,ts .lex pas morphs-to-cats , tbcs,111rus thosauru.,q) 
;、・Initializehere, !ldd ancestors below 
(cats-for-this-moェph terminal-cats)) 

; ; Include ancestor-cats in cats-for-this-morph. 
(let ((ancecator-cats nil)) 

(loop for terminal-cat in terminal-cats clo 
(loop for ancestor-cat in (reverse (get-cocle-1111cc.storn termi1111l-c<1t)) clo 

(setq ancestor-cats 
(adjoin ancestor-cat ancestor-ell ts , test I'equal)))) 

(loop for ancestor-cat in ancestor-cats do 
(selq cats-for-this-morph 

(adjoin ancestor-cat C!lts-for-this-111orph , test I'equal)))) 

; ； For each cat, including ancestoェs, UPDAl'E OR MAKIC A CATREC 
(loop faェcat-for-this-morph in ca ts-for-this-morph do 

;、・Upd,,te TOTAL-NU'18ER-O>'-CATS. 
(setq total-nun,ber-of-cats 

(+ morph-hit-count total-mm,ber-of-cats)) 
275 3 ! 
2754 ; (let ((existing-ca tree 
2755; (assoc cat-for-this-morph caは ecs-sortecl , test I'equal))) 
2156! (if existing-ca丘ec
2757 : ; ； Add segments in which CAT-FOR-THIS→: ORPII appears to 



FILE 

cooc.lisp 

TEXT 

, , se')l11ents in which abstract-level cat appears if it is not 
11 already there. 
(let ((existing-ca trec-se')l11ents 

(get-ca trec-elemen t existing-catェec'se叩nents))
(existing-ca trec-hi t-coun t 
(get-catrec-element existing-catrec'hit-count) J 

(new-ca tree existing-ca tree) J 
(loop for morph-se叩nentin morph-se叩uents do 

(setq existing-catrec-seg111ents 
(adjoin morph-se叩11entexisting-catrec-segments ,test I'equal) J J 

(setq existing-catrec-se')l11ents 
(sort existing-catrec-se叩11ents I'>)) 

(setq existing-catrec-hit-coun t 
(+ morph-hit-count existing-ca tree-hit-count) J 

(setq new-ca trec 
(put-catrec-element new-ca tree'se叩11entsexisting-ca trec-segn,ents J J 

(setq new-catrec 
(put-catrec-element new-ca tree'hit-count existing-catrec-hit-count) J 

(setq catrecs-sorted 
(subst new-ca tree 

existing-ca tree 
catrecs-sortedJ J J 

, , Else there was no EXISTING-CATREC, 
11so make a new catrec. 
(progn 

; ; Update NUMBER-OF-DIFFERENT-CATS, 
(setq nw11ber-of-different-cats 

(l+ munber-of-different-cats)) 

11≪CREATION OF CATREC 
(let• ((new-catrec (make-catrec cat-for-this-morph) J J 

(setq morph-se印nents (sort morph-se叩11entsI'>)) 
(setq new-ca tree (put-ca tree-element new-ca tree'se叩11entsmorph-se叩11ents)J 
(setq 11ew-catrec (put-ca tree-element new-ca tree'hit-count morph-hit-count) J 
(setq catrecs-sorted (cons new-catrec catrecs-sorted))))) J))) 

．＇ 
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2787 
2788; 
2789 

"● ●● , .............. ...! 
2790 ! ............... , 
2791 ! ...................... 
2792 I .ヽ...............
2793 i .......................、 (list 
2794 l total-number-of-cats ................... 
2795 I nw11ber-of-different-cats ........................ 
2796 I (reverse ca trees-sorted) J)) 
2797 i 
""万蒻"!; ; ; Takes preliminary CATRECS-SORTED. 

2799 i 
... , 

; ; ; Visits each catrec, calculating and adding additional material. 

2800 i ; ; ; Returns augmented and completed CATRECS-SORTED. .... , .. , .. .. , .... , 
(clefun augment-catrecs-sorted 

(o1cl-catrecs total-munber-of-cats munber-of-different-ca ts morphs-global-file) 

(let ((all-segments-count 
(get-global-value-from-file morphs-global-file'all-se伊uents-count)))

(loop for old-catrec in old-catrecs collect 
(let• ((new-ca tree old-ca tree) 

; ； SEGMENTS THIS CAT APPEARS IN. 
(cat-segments 
(get-catrec-e1ement old-catrec'segments) J 

; ； COUNT OF SEGMENTS THIS CAT APPEARS IN. 
(cat-segments-count (length cat-segments)) 
; ； OF ALL SEGMENTS IN CORPUS, WHAT PROPOR1'ION CONTAIN THIS CAT? 
(occur-in-segment-probability 
(round-to-n-digi ts 
(/ (float cat-se叩nents-count)(float all-segments-count)) 
*significant-digits*) J 

(occur-in-segment-information 
(round-to-n-digits 
；；く<logbase 2 
(log (/ (Uoat l) (float occur-in-segment-probability) J 2) 
* significant-cligi ts*)) 

; ； USING 1+ PROBA□ILITY SMOOTHING. 
(occuエーin-segment-probability-smoothed
(roundcto-n-digi ts 
(/ (+ (float cat-se叩nents-count)(float1)) 

(+ (float 2) (float all-segments-count) J) 
*significant-digits•) J 

(hits-this-cat (get-catrec-elernent o1cl-catrec'hit-count)) 
(ca t-unigram-probability 
(round-to-n-digits 
(/ (float hits-this-catJ(float total-nt1mber-of-cats)J 
*significant-digits*) J 

(ca t-unigram-in formation 
(round-to-11-cligits 
；；くくlogbase 2 
(log (/ (float 1 J (floa L ca t-unigram-probabili ty)) 2) 
* signHicunt-digi ts•)) 

(cu t-trnigram-prohability-smoothed 
(round-to-n-cligits 
(/ (+ (naat hits-thLs-cilL) (float lJ) 

(+ (float total-number-of-cats) 
(float ntnnllcr-o[-cliCfcrent-cal:s))) 

•signHicant-cliglts*)) J 

ロ如ti ;; くくAUGMENTAO'lON Of CA'l'l<EC 
2848 

28491 
(sctq new-catrcc 

(put-ca trcc-elcmen t new-c,1 trcc'cat-scgmcn ts-count ca t-scgmcn ts-count)) ....... バ..........
2850 i (,octq new-ca trnc 
2851 I (put-ca tr.ec-elcmcn t 11cw-c11 trcc'occur-in-sc9111cn t-probab lli ty occur-!.n-,:cgn心nl:-proll.1])illLyJI 
・2ss冴・1 (setq now-catrcc 
2853 1 (put-catroc-elcmc11L 11ew-catrec'occur-i11-segmc11t-l.11formatio11 occur-J.11-,;cgmcnt-LnCormalio11J J ................... 
2854 

]f~d 
(setq new-catrcc 

(put-ca trcc-eleme11 L new-c,1 tr.ec'oocur-i11-scgmc11 t-probabili ty-smoothllcl occur-in-l!Cgm, ヽnL-prob,ll1lllty-smo<1Ul/,c'I) I 
285 6 .i (setq new-ca trec 
＂狂57曹． (put-ca trec-clcmen t new-ca trec'ca t-un i.gram-prollabili ty ca t-unigr,1m-pr.olli1l> l l l Ly)) 
2858 i (sctq new-ca trec 
2859 i (put-catrec-elcrnent new-c,,trec'cat-unigrarn-iuforrnation cat-unigriuu-inl'orrnntiouJ) 
2860 ; (setq new-ca trcc 
2861 ! (put-catrec-element new-catrec'cat-unigram-prolrnbllity-smoothcd cut-unigram-probal>!lity-smoothccll JI J 11 ................... 
2862 ! 
2863 I ; ; ;==================================================================================== 
万蒻ず!;;; II.E.3曇 QUERYING CATllECS-SOR1'EIJ 
2865 l • • • • ========= = ==•=•••===•=•=====•=a=•==============•====•====•===•==•=•=•======•======= = ................... , ,, , 
2866, 
2867・, (defvar *CATllECS-SORTED• nil) 
・・・・・・・・・・・・・ 

2868' 
2869 i (de fun load-ca trecs-sorted 
2870 i (cutrecs-sortecl-fileJ 
2871' , (setq *CATRECS-SORTED* 
2872 i (read-from-file ca trecs-sortccl-fi le)) 
2873 i (format t ,.-%LOADING COMPLETED" J) 
2874 I 
2875 l ;;;Collects list of e.g. CAT-UNIGR崎 1-PRO□ABILITYvalues over all cat records 
2876・ , (defun get-all-catreo-elements ....... 曹..

2877 i (element-name cu trecs-sortecl I 
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LINE# 

2A?& .. , (loop for ca tree in c,1 lrecs-sor tecl collect 
2879 i (9et-catrec-element ca tree clement-name))) 

2880 ; 
2881 ! ; ; ; Cat recoェdscontain pre-computed pairs like CAT-UNIGR詔—PROBABILITY and CAT-UNIGR認— INFORMATION

2882 ! ;; ;This function gets the SUM OF TIIE PRODUCTS of these pairs OVER ALL CATS. ............ 
2883 ! (defun 9et-catrec-elcment-entropy (probability-element information-element catrecs-sorted) …........... ヽ....

2884 ; (let• ((probabilities (get-all-ca tree-elements probability-element ca trees-sorted)) 
2885 : (infoエm,,tions (get-all-ca tree-elements information-element catrecs-sorted)) 

... .. 緑蒻'! (products (loop for probability in pェobabilitiesand information in informations collect .................. 
2887 i (• probability information))) 
2888 i (SWll 0.0)) 
2889 ; (loop for product in products do ................ 
2890 ; (setq scu11 (+ sum product))) 
2891 ! .............. .ヽ...

2892 ! 
sum)) 

2893 : '; ; ;==================================================================================== 

2894 ; ; ; ; II. E. 4. DECINING CATREC-DiffREC 
2895 ; ; ; ； =============================================================================== 

2896 ! ................ .. 
2897 i ;; ;A catrec-diffrec is a record of the difference between corresponding catrecs in 

2898 ! ; ；； two corpora. 
2899 : (defvar •ca ヒェec-diffrec-elements* .................... .. 
2900 ! '((code 0) 
2901; (elernent-1 l) 
2902'(elernent-2 2) 
2903 i (difference 3) 
2904; (count-1 -1) ;cat-1 hit-count in coェpus1 
2905 ; (count-2 5) ;cat-1 hit-count in corpus 2 
万/f6'i5"') (count-sum G))) 
2907 ! ............... 
2908 ! 
2909 , .......... ゞ.......彎

(clefun make-catrec-cliffェec (code element-1 element-2 difference count-1 count-2 count-sum) 
(let ((ca丘 ec-diffェec

(loop for element in *catrec-diffrec-elements• collect nil))) 
(setq catrec-cliffヱec (put-catrec-diffrec-element catrec-diffrec'code code)) 
(setq catrec-dif free (put-catrec-diffrec-element ca trec-diffrec'element-1 element-1)) 
(setq catrec-cliffrec (put-ca trec-diffrec-element ca trec-diffrec'element-2 element-2)) 
(setq catrec-diffrec (put-catrec-diffrec-element catrec-diffrec'difference difference)) 
(setq catrec-cliffrec (put-catrec-diffrec-element catrec-diffrec'count-1 count-1)) 
(setq catェec-diffrec (put-catrec-diffェec-elementcatrec-diffrec'count-2 count-2)) 
(setq catrec-cliffrec (put-catrec-diffrec-element ca trec-diffェec'count-sumcount-sum)) 
catrec-diffrec)) 

(defun get-catrec-diffrec-element-position (element-name) 
2921 i (second ・曹....…....... .. 
2922; (assoc element-name *catrea-diffrec-elements*))) 

2923 i 
2924 i (defun get-catrec-diffrec-element (catrec-diffrec element-na,ne) 
2925; (let ((position (get-catrec-diffrec-element-position element-name))) .....................、
2926; (nth position catrec-diffrec))) 
2927 ; 
.... 2.9,?.§... ! (d~fun put-catrec-clif frec-element (catrec-cliffrec element-name value) 
2929 i (let ((catrec-diffrec-copy (copy-list catrec-diffrec)) 
2930 t (position (get-catrec-diffrec-elernent-position element-name))) 
293「・; (setf (nth position catrec-cliffrec-copy) value) 
.... ヽ●● ....... . 

2932 i catェec-diffrec-copy))
2933 , ・曹...….......... , 
2934 ; (defun add-catrec-diffrec-element (ca丘 ec-diffrecelement-name value) ................. 

2935 i (let ((catrec-diffrec-copy (copy-list catrec-diffrec)) 
2936 i (old-value (9et-catrec-cliffrec-element catrec-diffrec element-name)) 
2937 , (new-value nil) 
293 8 1 (position (get-ca trec-dif frec-elemen t-posi tion element-name))) ・ヽ................ 

2939 i (if (not (listp old-value)) 
2940 i (error "old value not a list") 
2941 , (progn (setq new-value (adjoin value old-value , test j'equal)) 
2942 ! (setf (nth position catrec-diffrec-copy) new-value))) 

2943' ca trec-dif frec-copy)) 
2944 i 
2945 ; defun sort-catrec-diffrecs (catrec-diffrecs element-name) 

2946 i (let ((position (get-ca trec-clif frec-element-position elemen t-narne)) J ................. .. 
2947! ;;L詔 8DAmeans "test whether list-1 is greateェthanlist-2 .................. , 
2948 i ; ;with respect to the elements at nth position" 
2949 ; (so.rt catrcc-cli(frecs 
2950 ; I'(lambda (listl list2) 
2951 i ......... (if (not (numberp (nth position listl))) 
2952• (error "ca11't sort, pointer to no11-11umerical element i11 rec") 
2953 i () (nth position listl)(nth position list?.))))))) 
2.9.54 i 
295 5' ：；；；········••=========================================•=••===--•==-=•========•=二＝＝＝＝＝＝＝
2956 i ; ； ; II. E. 5. COMP,¥i<JNG CATRECS-SOl<TSD 
295 7' ••• ・＝＝＝＝＝二aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaご===== ===== = === ====== = = = = = = 

2958 ! 
2959 ! 
2960 , ........... .. 

; ; ; Compares c,,t.recs-sortcd in two corpora 
, , ;Assumes CA'l'HECS-SOR'l'Im-FII,ES hnve been presorted ns desired 

2961' : (cle[ull comp<1rc-catrccs-sortcd 
2962 ; (cl irec tory corpus-pref ix-1 corpuo-prefix-2 
2963 i skey (clement'c .. t-unigrnm-probability)) 
2964 l 
2965 (lllい ((catrccs-i11clcxccl-filc-l (Cormat ni.l ,,-, ぐA.catrccs.indexed" directory corpus-pre(ix-1)) 
2966 j (cat:rccs-sor:tocl-f:ile-l (format nil ,,-,-A.catrccs.sortcd" directory corpus-prefi.x-1)) 
2967 ! --(ciltn,cs-illllc,xcd-(ilc-2 (format nil" A A.catrccs.illclexed" directory corpus-prefix-?.)) 
2968 (c,,trccs-sorLccl-J:ilc-2 (format nil ,,-応A.catrccs.sortcd" directory cor.pus-pre(ix-2)) 

DATE 

TIME 

29691 (oulput-(ilc ((orm,,t ni.l "―,-A.vs. -A.catrccs.compcrison" dlrc1Jtory corpus-prefix-1 corpus-pr.c(ix-2) I 
2970., (catrccs-inclcxccl-1 (rcacl-(r.om-(ilo catrccs-indcxed-(ilc-1)) 
2971 ! (catrc,c'1-l11clcxccl-2 (rc11d-fr.om-filc catreco-i11dcxed-fllc-2)) 
2972 ! (catrecs-cortccl-1 (rc11cl-lrom-file caヒrecs-sortod-(ilc-1))
2973・l (ca t:.,-1 
2974'(loop  for cat i11 catrccs-sortcd-1 collect 
2975 i (gct-catrec-elcment cat'code))) 
2976' (catrccs-sortecl-2 (read-from-file catrecs-sorlcd-file-2)) 
2977 i (cats-2 
2978; (loop for c11 t in c11 trccs-.c,orted-2 collect 
2979 ! (ge~-catrec-clcment cat'code))) 
2980• (in-both (intersection cats-1 cats-2 ,test !'equal)) 
2981 , (in-both-count (length in-both)) 
2982 (in-cilts-1-1,ut-not-i.n-cats-2 (set-difference cats-1 cats-2 ,test l'equill)) 
2983 ! (in-c,,ts-2-but-not-in-cats-l (set-di.f ference ca ts-2 ca ts-1 , test I'equal)) 
2984' (in-bo th-dif ference-recorcls nil) 
2985 , I SUllしmcd-in-lloth-clifferences0.0) 
2986: (aver119e-in-both-cliffercnces nil) 

2987' (average-ca ts-1-elemen t nil) 
298'11・j (average-ca ts-2-elemen t nil) 
2989' (sc1111rncd-cats-l-eleme11ts 0.0) 

2990 ! (sunnned-cats-2-elcments O. O) ............ 
2991 ! (relative-entropy 0.0)) ........... 
2992• 
2993• (if output-file 
2994 , (if (probe-file output-file) 
2995 (delete-file output-file))) 
2996 ! 
2997・; ; ;Loop through C.WRECS-SORTED-1, the training corpus, 
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, ,.so that this ordering will be preserved. 
; ; If RECORD-1 is for a cat which is in both corpora, go ahead. 
(loop for record-1 in catrecs-sorted-1 do 

(let ((code (get-ca tree-element record-1'code))) 
(if (member code in-both ,test !'equal) 

(let• ((record-2 (get-catrec code catrecs-indexed-2) J 
; ; element is e.g. morph-unigram-probabili ty 
(element-1 (get-catrec-element record-1 element)) 
(element-2 (get-ca tree-element record-2 element) J 
(difference 
(round-to-n-digi ts 
(abs (-element-1 element-2 J J'significant-digits•))) 

、、Make a new DIFFERENCE-RECORD, showing the respective values 
; ； for the factor of interest in the two corpora 
; ； and the difference between them. 
(let* ((catrec-1 (get-catrec code catrecs-inclexed-1) J 

(catrec-2 (get-catrec code catrecs-indexed-2) J 
(count-1 (get-catrec-element catrec-1'cat-se叩nents-count))
(count-2 (get-ca tree-element ca trec-2'cat-segments-count)) 
(count-sしm, (+ count-1 count-2)) 
(new-ca trec-diffrec 
(make-ca trec-dif frec 
code element-1 element-2 difference count-1 count-2 count-sum))) 

(setq in-both-difference-records 
(cons 
new-c atrec-clif frec 
in-both-difference-records J)) 

, ； Maintain running stuns. 
(setq summed-in-both-differences (+ swmned-in-both-differences difference)) 
(setg sunuued-cats-1-elements (+ stumued-cats-1-elements element-1)) 
(setq summed-cats-2-elements (+ sunuued-cats-2-elements element-2)) 

; ；≪Kuhllback-Leibler formula for "relative entropy" 
; ； Pi log 1/Qi 
(if (equal element'cat-unigram-probability) 

; ； Pi = element-2 (test corpus), Qi= elernent-1 (training corpus) 
(let ((summed (* element-2 (log (/ (float element-2)(float element-1)) 2)))) 

(setq relative-entropy (+ relative-entropy sunuued)))))))) 

(setq in-both-difference-records (reverse in-both-difference-records)) 

(setq relative-entropy (round-to-n-<ligits relative-entropy *significant-digits•)) 
ゴ04ゴ；
3044; ; ； Get averages if any shared records. 
3045 i ... , ... ….......... ,, ; ; If not, averages remain nil. 
3046 ! (if in-both-count 
3047・, (progn 
3048 i (setq ave工age-in-both-differences
3049; (round-to-11-digits . 
3050 ; (/ (float swnmed-in-both-differences) (float in-both-count))•significant-digits•)) 
3051 ! (setq average-cats-1-element 
3052' (round-to-11-digi ts 
305 3 ; , .. , 曹.,,.. ,. ベ (/ (float sunuued-cats-1-elements) (float in-both-coun し）） •significant-digits*))
3054 ; (setq average-cats-2-element 
3055 ! ,, .............. , (round-to-11-digi ts 
3056 i ,., . .. , . .. . , 曹曹！ (/ (float swrnued-cats-2-elements) (float in-both-count) J•significant-digits•)))) 
3057 1 .................. 
3058 I ;;PRINTING STARTS 
3059 ! ...... (smart-format output-file ,,~を；；； ~A and -A -,,. ; ;compared i1, terms of 疇～）も＂

3060 i catrecs-sorted-file-1 catrecs-sortecl-file-2 element) 
3061 ! 

3062 ! (if (equal element'cat-unigram-probability) 
3063 i (smart-format output-file ,,-2%(エelative-entropy-s)" 

.... 10.6.1.,.i relative-entro 
3065 ! , .- PY) l _ 

(smart-format output-file 2'(average-s-corpus-1 -s)" element average-ca ts-1-element) 
3066 ! (smart-format output-file ,,~n (average--s-corpus-2 ~ s)" element average-ca ts-2-element) 
3067 I (smart-format output-file ,,~2,(average-~s-difference -s)" 
3068 I element average-in-both-differences) 

~QG~j 
3070 i (smart-format output-file ,,-2'(in-both-cats-count -s)" 
3071 i (length in-both-clifference-recorcls) J 
, 3りf;(・1 ,,-(smart-format output-file 2'(in-both-difference-records s)" in-both-clif ference-reeord.s) 
3073 ! 

3074 i (smart-format output-fi.le ,,-2, (i11-corpus-l-but-11ot-corpus-2-cou11t -s)" 
3075 i (length in-cats-1-but-not-in-cats-2)) 
3076・ ...... 曹.. I (srnar t-forma t ouヒput-file"―2, (in-corpus-1-bu t-not-corpus-2 ~ s)" in-ca ts-l-ln1 t-not-i.n-ca ts-2) 
3077' 
3078; (smart-format ouヒput-file ,,~2, (in-corpus-2-bu t-not-corpus-1-count ~ s)" 
3079 I (length in-ca ts-2-but-not-in-ca ts-1 J) 
3080 l 
3081 , 

.... 曹., (smart-format output-file ,,~2, (in-corpus-2-bu t-not-corpus-1 ~ s)" in-en ts-2-but-not-in-c., ts-I.))) 

3082 ; ;、，；===・ 
3083 ; ;、，; II. E. 6. MAKING CATRECS. INDSXED 
3084 ! ，.. 曹•···... ;;; 
3085 ; 
3086 , (clcfun make-catrccs-indcxed-with-(ilcs (clir~c どor.y cor.pus-pr.cfix) 
3087 , (let• ((catrecs-sortcd-file (format nll" A A.ciltrocs.sorted" cllrcct<>ry corpn,,-pr.cEJ.x)) 
3088・ , ............. ! (catrecs-indexed-file (for:111at nil"万,-A.ca trccs. i11dcxccl" cllrcc tory corpu,;-prc (ix)) 
iosg I (catrecs-sorted (read-fromーfileca trccs-sor tecl-filc)) 
3090 I ...... (catrccs-inclexed (make-cntrccs-indcxccl c11l:,・ccs-sor.tcd'(root 11ll.)))) 
3091 I (wrlte-to-file-no-pp catrecs-indcxccl cutrecs-indcxccl-file)) J 
3092 
3.09°f.j ; ; ;NON-DESTRUCTIVELY alters CM'RSCS-INDEXSD, initia.lly'(root nil) 
3094 , I (clefun mnke-catrecs-indexed (catrecs-sorted catrecs-indexccl) 
3095 ... ! (loop for catrec in catrecs-sortcd do 
jog5・; (let ((code (9et-catrec-element catrec'coclcl 11 
, 3 .. 097」 (setq catェecs-inclexed
3098 I (rnsert-catrec-into-ca trccs-indexccl ca trcc code ca trecs-inclexecl J))) 
3099 i ; ; Sorting by OBJECT field by default. 
3100 I ..... , (sctq catrecs-111clexed (resort-catrccs-inclcxed catrecs-inclexeclJ J 
310 I I ca trees-indexed 
3102'! 

） 

3103 J ; ; ;NON-IIESTRUCTIVELY alters CATRECS-INDEXSD, initially'(root nil). 
3104'(clcfun insert-catrec-into-catrecs-indexed (catrec code cntrecs-indexed) .... , 
3105 ! (let< ((ancestor-codes-top-down (append (reverse (get-code-ancestors code J) (list code))) 
3106 , ( current-nocle catrecs-rndexeclJ) 
3 I 07 I (loop for object in ancestor-codes-top-down do .. 曹.,

3108' (let ((lower-node 
3109 ; (assoc object (get-node-structure-element current-node'daughters) ,test I'equal))) 
31 IO ! 
31 I I I (if lower-node 
3'(1i・・; (setq current-node lower-node) 
31 I 3 I (let• ((new-lower-node (make-node-structure obj ecヒ））

31.14 I (new-current-node 
31 I 5 I .. ..... . ... 曹・

; ; NON-DESTRUCTIVELY add new-lower-node to daughters of current-node. 

.... ; 31 I 6 I (put-node-strucしure-elemenヒ
3 I I 7 ; current-node 
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LINE# 

31 18 ! ......... 
31 19 ! 
3120 i 
3121 ! 
3122 ! 
3123 i 
・・3T241 
3125 , .................... 

'daughters 
(cons new-lower-nocle 

(get-node-structure-element current-node'daughters))))) 
(setq ca trecs-indexed 

(subst new-current-node current-node catrecs-indexed) I 
(setq current-node new-lower-node)))) I 

(let ((new-current-node 
3126 , (put-node-structure-element current-node'ca tree ca tree) J) 

........... ・•● .... , 

3127 I (setq ca trees-indexed 
3128 i ( subst new-current-node current-node ca trees-indexed))) 
3・1匹..., ca trees-indexed)) 
3T30 .. , ............. , 
31 31 , ・ ・ ・==================================================================================== 
3 I 32 ! ; ; ; II.E. 7. SORTING CATRECS-INDEXED ........ ヽ........, 
31 3 3 , ; ; ; ==================================================================================== ..................... , 
31 34 ; .............. 
3135' ................. , ; ；； For entire CATRECS-INDEXED, sort each set of daughters recursively 
3136• (defun resort-catrecs-indexed 

●● ............. .. 

3137』
・; 

.................... ・(catrecs-indexed &key (resort-by'object) J 
3138 ; .................. (let* ((daughters 
3139 ; (get-node-structure-element ca trees-indexed'daughters))) ........ , .......... , 

3154 ................ 
3155 
3156 
3157 ..................... 
3158 ...................... 
31 59 ! 
'iTi5o・, 
'lTi,fl 
万'i歪・,................... 
3163 , ”・...................

3164' 
3165 ! .................... 

(if daughters 

, ,There are daughters, so sort them and then recurse on each daughter. 
; ； If no daughters, do nothing. 
(let ((sorted-daughters 

(sort-node-structures daughters resort-by))) 
(setq ca trees-indexed 

(subst sorted-daughters daughters catrecs-indexed)) 
(loop for daughter in sorted-daughters do 

(let ((new-daughter (resort-ca trees-indexed daughter , resort-by resort-by))) 
(setq ca trees-indexed 

(subst new-daughter daughter catrecs-indexed)))))) 
ca trees-indexed)) 

, : ;Puts the node with the highest code first. 
(de fun sort-node-structures (node-structures element-name) 

(let ((position (get-node-structure-element-position element-name))) 
; ; LAMBDA means "test whether list-1 is greater than list-2 
; ； with respect to the elements at nth position" 
(sort nocle-struc tures 

I'(lambda (listl list2) 
(cond ((ntunberp (nth position listl)) 

(〉 (nthposition listl) (nth position list2))) 
((stringp (nth position listl)) 
(string> (nth position listl) (nth position list2))) 

(t 
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3166 ! ........... 
3167 ! 
3168. 

(error "Can't sort, pointer to node-structure element which is neither nwnber nor string. "))))))) 

, ; ; ;aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
3169 i ; ; ； II. E, 8. QUERYING CATRECS-INDEXED, INCLUDES FINDING WINDOW MATES 
3170 I 

'lTo/Tl 
; ; ； 

3172 ! (defvar•CATRECS-INDEXED• nil) 
3173 ! 
3174 
・3r冗；;--・, 

; (de fun load-ca trees-indexed 
, (catrecs-indexed-file) 

Tiいブ6曹i (setq•CATRECS-INDEXED• ................ 曹＂曹~．、

曹..........., 3177 I (read-from-file ca trees-indexed-file)) 
3178 ! (format t ,,-も LOADINGCOMPLETED")) 
3179 , 
3180 ; ; ; ; Gets a catrec from current node in CATRECS-INDEXED 
3181' , (defun get-catrec (cat current-node) ..................... , 
3182 ! 
3183 ! 
3184 ; 
'l'rss・' 

(let ((ancestor-codes-top-down (append (reverse (get-code-ancestors cat)) (list cat) I) I 
(get-catrec-using-path ancestor-codes-top-down current-node))) 

; ; ； Gets a catrec from current node in CATRECS-INDEXED using the full cat ancestor path. 
3186' ... , (defun get-c<1trec-using-path (cat-path current-node) 
3187 i 

r: 
3193 i 

'.iT$4J 

(let< ((first-ancestor (first cat-path) J 
(rest-ancestors (rest cat-path)) 
(daughters (get-node-structure-element current-node'daughters)) 
(assoc-result (assoc first-ancestor daughters , test I'equal))) 

(if (null rest-ancestors) 
(get-node-structure-element assoc-result'ca trec J 
(get-catrec-using-path rest-ancestors assoc-result) J J) 

3195 I ............. . (defun get-cat-hit-count (cat catrecs-iuclexed) 
3196 ! 
. ・・・・・・・・・・・, (let'((ca tree (gct-catrcc cat c,,trccs-inclexecl)) 
3197• (hit-count (9et-c,1trec-elemcnt catェec'hit-count)))
3198 i .................. (if hit-count hit-count O))) 
3199 
3200 ・・・・・・・・・・、... (clefun get-cat:-seqmcnts (cat catrecs-inclexcd) 
3201 (let• ((catrcc (get-ca tree cat cltlrccs-i.nclcxcc!)) 
3202 (sc9n1cnts (gct-clltrec-clcmcnt c,1trcc'segments))) 
3203 (if: seqmcn ts scgmcn ts nil))) 

3204 
3205 ....... (defun cat-occurs-in-segment? (cat segment catrccs-inclcxccl) 
3206 
3207 
3208 

. (member scgmont (gct-cat:-scqmcnts cat cat:rccs-inclcxcc!))) 

; ; ; Also used <1.s ,1 pr.cdi.c,1t;c, to ヒestwhcthc.r. there arc ANY such OCCJJCCCJJecs. 
3209 (de fun get-ell t:-oeeur.r.cncc:s-w l tltin-n-s吋 ments 
3210 (eltt rcforcnce-,;cgment n cat:rccs-lnc!cxcd c!lseoursc-(!nCJl-sc9mcnt:s) 
321 I ........... (let ((result nil) 
3212 (eat-s吋 ments 
32 I 3 ..、....... (9et-eat-se9mcnt.s c,1t catrcc,;-lnclcxecl))) 
3214 ..... ...1 (loop for. 忠 :9mcJJt in c、,t-scgmentsclo 
3215 
32 ml (it (llnd ()-s吋 mcntreference-segment) 

(<= (- segment rercr.cnce-sc9mcnt) n) 
3.2..1.?.J (i.n-sirn,c,-c!iscourse? segment reference-,; 吋 mentdlscourse-final-'1cgmcnts)) 
321 8 i (setq result (eons scgrncn t resulヒ））））
3219' (reverse cc•sult))) 
3220 I 

3 .. 2.21. ... i ;、·;;;;;;;;;;、•、・；，．，・；；；，・；；；、・、．，・；；；、•、・；；；、．，・；；；；；；；；；；；；；；；；；；；；；；；；；，・；；；，・；，・、·;、・；；；；；；；，・；；；，・；；，
3222 ! ; ； , • I I.". CAO'-COOCJll:cs 
3223 •••••••.••••• ;;;;;;;;;;;;;;;, ・；；；；，・；；；、．，．，・；；；；；；；；、・；、・；；；；；；；；；；；；；；；；；；；；；；；；；；；、・；；、．，・；；；；，・；；；；；；；；；、・；；

3224 
3225 ; ；； ===a====== a======================================= a=•===•=========================== 
3226 ; ； ; II. F .1. llEPINING CAO'-COOCREC OAO'ASTRUCTURE 
3227 ；；； ===========a==============a=========================aa=======================a====== 
3228 
3229 (defvar•eat-cooerec-elemcnts• 
3230 '((JJ 0) 
3231 (level 1) 
3232 (cat-1 2) 
3233 (cat-2 3) 
3234 (cat-l-segwcnts-with-2-in-ranqe-count 4) 
'°323・5 i (cat-l-sc9JJ1ents-eount 5) 
3236 ! (conditional-probability 6) 
3237 i (mutual-information 7) 
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3238 i ..................... (conditional-probability-smoothed 8) 

3239 i ．．．．．．．．．．．．．．．．． (mutual-information-smoothed 9))) 

3240' ............. 
3241 ; ．．．．．．．．．．．．．．．．．．．．．， ; ; ; never called 
3242 ; ; (de fun make-ca t-coocrec (n level ca t-1 ca t-2) 
3243 i 
・324互!

; (let ((ca t-coocrec 

・・・・・32砧...,, ・ (loop for element ill•cat-coocrec-elements• collect nil))) 
； ； ；；くくput-cat-coocrec-elementnot defined 

3246 i ・・・・・"・"・・,・"・・・・
・ (setqcat-coocrec (put-cat-coocrec-element cat-coocrec'n n)) 
; (setq cat-coocrec (put-ca t-coocrec-element cat-coocrec'level level)) 
; (setq ca t-coocrec (put-ca t-coocrec-element cat-coocrec'cat-1 cat-1)) 
; (setq ca t-coocrec (put-ca t-coocrec-element cat-coocrec'ca t-2 cat-2)) 
; cat-coocrec)) 

3251 ; 
3252・...................... ; (de fun get-cat-coocrec-element-posi tion (elemen t-narne) 
3253 , (second 
3254 i (assoc element-name•cat-coocrec-elements•))) 

•••••o·•o·•• 

(defun get-ca t-coocrec-element (ca t-coocrec element-name) 
(let ((position (get-ca t-coocrec-element-position elemellt-name))) 

(nth position cat-coocrec))) 
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(de fun make-ca t-coocrecs-indexed-wi th-files 
(n-range pos-1-list pos-2-list directory corpus-prefix morphs-to-cats-prefix 

&key 
(threshold O .1) 
(threshold-key'conditional-probability) 
(thesaurus'thesauェus-full)J 

(let• ((morphrecs-indexed-file (format nil'うぶ.morphrecs.indexed" diェectorycorpus-prefix)) 
(catrecs-indexed-file (format nil ,,-ぷA.catrecs.indexed" directory corpus-prefix) J 
(morphs-to-cats-file (format nil "―ぷA.morphs.to. cats" directory morphs-to-ca ts-prefix)) 
(morphs-global-file (format nil ,,-ぷA.morphs. global" directory corpus-prefix)) 
(cat-coocrecs-indexed-file (forrna t nil "-A-A. cat. coocrecs. indexed" directory corpus-prefix)) 
(catrecs-indexed (read-from-file catrecs-indexed-file)) 
(morphrecs-indexed (read-from-file rnorphrecs-indexed-file)) 
(morphs-to-cats (read-from-file morphs-to-cats-file)) 
(cat-coocrecs-indexed 
(make-ca t-coocrecs-indexed 
n-range pos-1-list pos-2-list morphrecs-indexed catrecs-indexed morphs-to-cats morphs-global-file 
: thresholcl threshold , threshold-key threshold-key , thesaurus thesaurus) J) 

(write-to-file-no-pp cat-coocrecs-indexed cat-coocrecs-indexed-file)) J 

; ； ; Makes CAT-COOCRECS-INDEXED, given CATRECS-INDEXED as input. 
;; ;Dynamically filters records below a threshold, 
(defun make-cat-coocrecs-indexed 

(n-range pos-1-list pos-2-list morphrecs-indexed catrecs-indexed morphs-to-cats morphs-global-file 
&key (threshold O .1) (threshold-key'conditional-probability) (thesauェus'thesaunrs-full))

(let* ((discourse-final-segments (get-global-value-from-file morphs-global-file'discourse-final-segments J J 
(all-se叩uents-count (get-global-value-from-file morphs-global-file'all-se叩nents-count))
(cats-for-pos-1-list (get-cats-for-pos-list pos-1-list morphrecs-indexed morphs-to-cats , thesaurus thesaurus) J 
(ca ts-for-pos-1-list-by-level (sort-cats-by-level ca ts-for-pos-1-list) J 
(cats-for-pos-2-list (get-cats-for-pos-list pos-2-list morphrecs-indexed morphs-to-ca ts , thesauェus thesaurus J J 
(cats-for-pos-2-list-by-level (sort-cats-by-level cats-for-pos-2-listJ J 
(levels nil) J 

99 j ，．．．．ー..―., ....... .. 
3300 ! 
3 30 I , 
3302・

3303 
3 304 , 

3305' 
3306 ! 
3307 ! 
3308• 
3309 ! 
3310 i 
331 I ! 
3312 ! 
331 3 ! 

3314 ! 
3315' 
3316' 
3317・

●●● ......... , ..... .. 

3318 
3319 

""l:izb! ............. , .. , .. , .. 
3321 ! .................. , ... 
3322 ! .....、.,.,....... , ... 
3323 ! 
3324 
3325 
3326 ! 
3327 ! 

・・33zs・1 
3329 ! 

H'ibi 9● .... , ....... , ..』

3331 i 
3332 I 

3333 
3334 ! 
T'i'isi 
... T3"i'6'! ;;;Get c,1ts which have morphs whose pas is in ros-r,IS1'. 
3337 j (clefun get-cats-for-pas-list (pos-llst morphrccs-indcxcd morphs-to-cats &key (thcs,1urus'l.11c;1aur.11s-full)) 
3338 , (let ((output nil)) 
3339 i (loop for pos in pas-list do 
3 340' (let• ((morphrecs-for-pos (get-morphrecs-for-pos pas morphrecs-indcxccl))) 
3341 i (loop for morphrec in morphrccsーfor-posdo 
3 342' (let• ((lex (gct-morphrec-clcment morph rec'lex)) 
3 343 ; (pas (get-morph rec-clement morph rec'pos) J 
3 3 4 4'(cat-codes  
3345! (get-morph-cats lex pas morphs-to-ca ts , thesaurus thesaurus))) 
3346 (loop for cat-code in cat-codes do 
3347 ! .................. , (setq output 
3348 , (adjoin cat-code output ,test i'equal))IIII) 
3349 ! 

3350 ! ; ； Add ancestors for all the codes -~these are not included in morphs-to-cats. ".~ ~ ".~ ヽ ・~ ~ ~ 曹 .... , 

3351 , (loop for cat in output do . 
33 52' (let ((cat-ancestors (get-code-ancestors cat))) 
3353 ! (loop for cat-ancestor in cat-ancestors do 
33 54 ! (setq output (adjoin cat-ancestor output ,test !'equal))))) 
3 355 ! output)) 
3356 i 
3357' , (de fun sort-ca ts-by-level (thesaurus-codes) 

11 Let LEVELS be the union of levels seen for either pos-list. 
(loop for level in ca ts-for-pos-1-list-by-level do 

(let ((level-nw11ber (first level))) 
(setq levels (adjoin level-ncuuber levels , test I'equal)))) 

(loop for level in cats-for-pos-2-list-by-level do 
(let ((level-number (first level))) 

(setq levels (adjoin level-nwuber levels , test I'equal)))) 

(loop for n from (first n-range) to (second n-range) collect 
(progn (format t "Handling n = -s-%" n) 

(list n 
(loop for level in levels collect 

(let ((cats-for-pos-1-this-level 
(second (assoc level ca ts-for-pos-1-list-by-level)))) 

; ； cat-for-pos-1-list in cats-for-pos-1-list collect 
(format t " Handling level = -s-i" level) 
(list level 

(loop for cat-for-pos-1-this-level in ca ts-for-pos-1-th l.s-level collect 
(list cat-for-pos-1-this-level 

(let ((ca ts-for-pos-2-this-level 
(second (assoc level ca ts-for-pos-2-li.st-by-level)))) 

；；くくNoteuse of IT loop construct. sec Steele 739. • 
(loop for cat-for-pos-2-this-lcvcl in cats-for-pos-2-this-.levcl 

if 
(and 
; ； ignore co-occur.rence of cat with itself 
(not (equal cat-for-pos-1-this-level 

cat-for.-pos-2-this-J.evel)) 
(makc-cat-cooc ccc-tail 
cat-for-pos-1-this-level. 
ca t-for-pos-2-th is-level 
n ca trecs-inclexcd 
discourse-fin ,11-segments 
all-scgmcn t,;-count 
: threshold th res hold 
: threshold-key threshold-key)) 

collect it)))))))))))) 



PAGE# 

29 

(let ((Output nil)) 
(loop for thesaurus-code in thesaurus-codes do 

(let• ((length (length thesaurus-code) J 
(length-group (assoc length output , test I'equal)) 
(new-length-group nil) 
(cats-in-length-group (second length-group J J 
(new-cats-in-length-group nil J) 

(if J.ength-group 
(progn 

(setq new-cats-in-length-group (adjoin thesaurus-code cats-in-length-group , test I'equal)) 
(setq new-length-group (list length new-cats-in-length-group)) 
(setq output 

(subst new-length-group length-group output J J J 
(setq output 

(cons (list length (list thesaurus-code)) 
output)))) J 

(setq output (sort output I'< , key I'first) J 
output)) 

•2"55.~~~~ 
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LINE# 

3358 i 
・・・・・・・・・・・・・・・ 3359 i 
3蒻61
3351・・1 
3362! 
3JHI 
3364; 
・・3355! 
．．．．．．．．．．．．．．．．．， 

3366; 
33荀 ・1
'3Ti3Si 
3369 i 

... , 
·•··············•·· 3370 ! ・・・・・・・・・・・・・・・・・・ 3371 i 
3372 / 
3373' .................. , 
3374 l ·········•·········· 3375 i 
3376 ; 
3 3・カ;•··: • • . a aaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaa aaa-a-aaaaaa aaaaaaaaaaaaaa aaaaaa aaa  a aaaa  aa~a  aaa  ...................... , ヽ"3378 i ; ; ; II. F. 3. MAKE-CAT-COOCREC-TAIL 

・・・・-・, 一,・c・・・,
, •; ;=••aaaaaaaa=aaaaaa=aaaaaaaaaaaaaaaaaaaaa=aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa=aaaa=aaaaaa 

; ；； Compare MAKE-MORPJ!-COOCREC-TAIL above. 
(de fun ruake-cat-coocrec-tail 

(cat-1 cat-2 n catrecs-inclexed discouェse-final-se叩nentsall-se叩nents-count 
&key (threshold O .1) (th工eshold-key'conditional-probability))

(let• ((catrec-1 (get-catrec cat-1 catrecs-indexed)) 
; ； SEGMENTS CONTAINING CAT-1 AT LEAST ONCE. 
(cat-1-segments 
(get-catrec-elernent catrec-1'segments)) 

; ,NUMBER OF SEGMENTS CONTAINING CAT-1 AT LEAST ONCE. 
(cat-1-se叩uents-count (length cat-1-se叩uents))
; ； PROBABILI1'Y THAT CAT-1 OCCURS IN ANY GIVEN SEGMENT 
; ,Pr(a)• CAT-1-SEGMENTS-COUNT/ALL-SEGMENTS-COU,T 
(cat-1-occur-in-se叩uen←probability 
(get-catェec-elementcatrec-1'occur-in-se叩uent-probability))

; ,SMOOTHED PROBABILITY THAT CAT-1 OCCURS IN ANY GIVEN SEGMENT. 
;，pエ(a) smoothed 
(cat-1-occur-in-se叩nent-probab il i ty-smoothed 
(get-catェec-elementcatェec-1'occur-in-se叩"ent-probability→ smoothed)) 

(cat-l-seg,uents-with-2-in-range-count O) 
; ； Pr(a and b) 
(cat-1-occur-in-segment→ ;ith-2-in-range-pェobabili切 0)
; ;Pエ(aand b) smoothed 
(cat-1-occuェ-in-se叩nent-with-2-in-ra nge-pェobability-smoothedO) 

(catェec-2 (get-catェeccat-2 catェecs-i11dexed)) 

; ; PROBABILITY THAT CAT-2 OCCURS IN ANY GIVEN SEGMENT. 
; ; • CAT-2-SEGMENTS-COUNT/ALL-SEGMENTS-COUNT 
(cat-2-occuェ-in-secpnent-pェobability (get-ca trec-elemen t catrec-2 'occuェーin-segment-probability))
(ca t-2-occur-in-segment-probabili ty-smoothecl (get-catェec-elementcatrec-2 'occuェーin-se叩nent-probability-smoothecl))

;;PROBABILITY THAT CAT-2 OCCURS IN ANY GIVEN wr,;now OF WIDTB N PLUS 1, 
; ； Pr(b) 
(cat-2-occuェーin→rindow-pェobability (• (float (+ n 1)) cat-2-occur-in-seg,nent-probability)) 
(cat-2-occur-iu-window-probability-smoothed ('(float (+ n l)) cat-2-occuヱ-in-segment-probability-smoothed)))

,、GetCAT-1-SEGMENTS->lITH-た IN-RANGE-COUNT.
(loop for cat-1-se叩nentin cat-1-segments do 

(if 
(get-cat-occurrences-within-n-segments 
cat-2 cat-1-segment n catrecs-imlexed disco, 江 se-final-segments) 
(setq ca t-1-segrnents-wi th-2-in-range-coun t (1 + ca t-1-segmen ts-wi th-2-in-range-counヒllll

, ,Get CAT-1-0CCUR-IN-SEGMENT-WITH-2-IN-RANGE-PROBi¥BILITY. 
; ; Pr(a and b) 
(setq cat-l-occur-in-segment-with-2-inーエange-probability 

(round-to-n-cligits 
(/ (float cat-1-se叩"ents-with-2-in-range-count)(float all-segments-count))•significant-digits•)) 

, , Get CA1'-l-OCCUR-IN-SEGMENT-WITH-2-IN-RANGE-PROSABI LI TY-SMOOTHED 
; ； Using l+ smootlはn9.
; , ・Pr(a and b) smoothed 
(sctq cat-1-occu← i n-segmen t-wi th-2-inーエange-probabili ty-smoothed 

(round-to-n-cLlgl ts 
(/(+(float cat-l-segmonts-with-2-in-range-count)(Cloat 1)) 

(+ (float 2) (float all-segments-count)))•significant-digits•)) 

、,Compute condl.t.ional-probabili.ty that CAT-2 will occur within n segments of segmenヒS、
; ; given that cat-1 occurs in s. 
; ; Return rccorcl iff CONIH'l'IONAL-PRODAIJILITY >= TllllESIIOLD. Else return nil. 
;，・Pr (b giveu a)• Pr (a aucl b)/ Pr (a) 
(leヒ・ ((condition,11-probabi.lity 

(if (or (,.crop ca t-1-occur-in-sc,Jincn t-w l th-2-in-ra ngc-probabi.1 i. ty) 
(zcr.op cat-1-scgmcnts-counヒ））

；；く (Givi.,,gzero i" case de,,omi,,ator L,, o.o. 
0. 0 
(rouncl-to-n-cllglts 
(/ ([1.o,il cal-L-occur-in-scgmcnt-wi th-2-in-rall¥Jc-probabi.li.Ly) 

(1:1.oa L ca t-1.-occur-in-scgmcnヒーprolJability)) •significantーdig i. Ls• I)) 

,,log P(IJ given ,1) over P(b) 
(mutual-inforu,,1 tion 
(if (0℃ (zerop co"d i tio,,al-prob;ibility) 

(zorop ca t-2-occur-in-window-probabili ty)) 
；；くくGi.vi."gaero ii, case dc,,omi,,ator i ,; o. o 
0. 0 
(rouud-to-u-cl ig i. ts 
(log (/ ([loa t condi tional-probab ill Ly) 

(float ca t-2-occur-ln-winclo-,,-probability)) 2)• s ignif iciln t-digits,))) 

, ； As above, but with srnoothed nominators and divisors 
(cond i tional-proba b il i t,y-smoothed 
(if (or (zerop cat-l-occur-in-segment-with-2-inーエangc-probabili ty-smoothcd) 

(eerop c<1t-l-segments-count)) 
；；くくGivi."9 zero i" case denomi,,ator is 0.0 
0. 0 
(round-toーn-cli9its
(/ (float ca t-1-occur-in-segmen t-wi th-2-in-rangc-probabili ty-smoothed) 

(float cat-1-occur-in-se叩nent-probability-smoo ヒhed))•significant-digits•) I) 

(mutual-information-smoothed 
(if (or (zerop conditional-probability-s,,,oothecl) 

(zerop cat-2-occuェーin-window-pェobability J) 
；；く (Giving zero in case denominator is 0.0 
0. 0 
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FILE 

cooc.lisp 

TEXT 

(round-to-11-dig its 
(log (/ (float conditional-probability-smoothed) 

(float ca t-2-occur-in-window-probabili ty-smoothed)) 2)• significant-digits•))) 
(threshold-key-value 

3504 I ................... 
3505 ! ....................... , 

(case threshold-key 
((conditional-probability) 
conditional-probability) 

((conditional-probability-smoo thecl) 
conditional-probability-smoothed) 
((mutual-information) 
mutual-information) 
((mutual-information-smoothed) 
mutual-information-smoothed)))) 

(if (>= threshold-key-value threshold) 
(list cat-2 

cat-1-se叩nents-with-2-in-range-coun t 
ca t-l-segments-coU11t 
conditional-probability 
mutual-in formation 
conditional-probability-smoothed 
mutual-information-smoothed))))) 

''; ---------========================================================================== 
; ； ; II. F. 4. QUERYING CAT-COOCRECS-INDEXED 
; ; ; =========================================================================== 

(defvar *CAT-COOCRECS-INDEXED* nil) 
3506 i 

．．経翌](de fun load-cat-coocrecs-indexed 
3508 ! ．．．．．．．．．．．．．．．．．．．、 (ca t-coocrecs-indexed-file) 
3509 ; .............、"""、 (setq *CAT-COOCRECS-INDEXED* 
.J .. 5 .. .!..Q .. .i (read-from-file cat-coocrecs-inclexed-file)) 
351 I' , (format t ,,-紅LOADINGCOS!PLETED")) ....................... 
3512 ! .................... 會•

, ; ； ; Gets from CAT-COOCRECS-INDEXED the conditional probability of occurrence within N se叩uents3513' 
万sT,f'!..................... , ; ; ； of cat-2 given cat-1. 
3515 I , (de fun get-cat-conditional-probability ..................... 
3516 ! (n level cat-1 cat-2 cat-coocrecs-indexed) .................... , 
3517' ......................』; (get-cat-coocrec-element 
3518 ! .......... , ....... , (make-and-get-ca t-c oocrec 

n level cat-1 cat-2 cat-coocrecs-indexecl) 
'conditional-probability)) 

ヽ;;Makes and gets (fetches) CAT-COOCREC. 
3! , ; ; ; Fetches partial cat-coocrec, which is terminal of CAT-COOCRECS-INDEXED. 

; ； ; Completes it, creating and returning full CAT-COOCREC. 
(defun make-and-get-cat-coocrec 

ぷ..., ... ぷぷ...., (n level cat-1 cat-2 cat-coocrecs-indexed) 
.. }.5 .. ?.Z ... / (let* ((n-group (second (assoc n cat-coocrecs-indexed))) 
..... 3528 ; (level-group (second (assoc level n-group))) 
．．．．競.?.Q... J (cat-1-group (second (assoc cat-1 level-group , test I'equal))) 
.J.5.1Q ... j (cat-2-.record (assoc cat-2 cat-1-group , test I'equal))) 
3531• .................... , 
3532 ; ....................、
3533 ; 

... 3534・1 

・ 3・ダ35! 

(if ca t-2-record 
;； ≪CREATION OF CAT-COOCREC 
；；くくavoidingMAKE-CAT-COOCREC to avoid clwnsy copying 
(append (list n level cat-1) cat-2-record) 
(append (list n level cat-1 cat-2)'(0.0 o.o 0.0 0.0 0.0 0.0 0.0)))1) 

, , , ==================================================================================== 

; ； ; II. F. 5. CAT-WINDON-MATE QUERY FUNCTIONS 
；；； ==================================================================================== 

; ; ;Compare GET-MORPH噸 INDOW-MATES-WITII-FILES, above. 
(de fun get-cat-win,:low-ma tes-wi th-files 

ー，一........./ (n cat-1 directory corpus-prefix &key 
3544 ! , ....... 1 (th工esholclnil) (threshold-key'concli tional-pェobability)
" 
3545 . (filter-self t) (db-pos-display'english) (return-cats-only nil)) 
2.2岐 (ignoreclb-pos-display) 
3547"1 (let• ((cat-coocrecs-inclexecl-file (foエmatnil≪-ぷA,cat. coocrecs, indexed" clirec tory corpus-prefix))) 
旦窃幻 (if (null•cat-coocrecs-inclexecl') 

... JI4.Q...J IPエ0911
2.2.~ .. 9...i (format t "-%Loading cat-coocrccs-indexecl from file -a," cat-coocrecs-inclexed-file) 
3廷！」 (load-cat-coocrecs-inclexecl ca t-coocrecs→ indexed-file))) 
2 .. 5,,2.~」 I let• I I output nil) 
3553 , (cat-1-levcl (length cat-1)) 
.}55.4...i (n-group (second (assoc 11•cat-coocrccs-indexecl'))) 
... J.2.25 ... J (level-group (second (assoc cat-1-level n-group))) 
3556 I (cat-1-group (second (assoc cat-l level-group ,test !'equal))) 

""" 
3557 ! (ca←1ヵroup-cat-coocrecs 
, 3558 I (loop for. partial-cat-coocrec in cat,-1-group collect 
3559! (append (list 11 cat-1-levcl cat-1) partial-cat-coocrcc))) 
.JI§.9 ... 1 (window→ na tcs-including-sel [ 
3561 

, 35も図：：I (if threshold 
(loop for ca t-coocrec in ca t-1-group-ca t-coocrccs when 

I~§I! pa (get-ca l:-coocrcc-elcmen t: c,1 t-coocroc thr.esllol d-kcy) th.r.csllolcl) 
"克?§4... 1 collect cat-coocrcc) 
... 1~..§.5.... cat-1-group-cat-coocrccs))) 
3566 
3567 
3568 
3569 
'576 

...... , ............. . 
3574 I ・・・・・・・・・・・・・・・・・・ 
3575 ・・・・・・・・・・・・・・・・・・ 3576・

I 

3577 
・35731 
・3579・; 
・3550・1 

(it filter-self 
(let ((caヒ-coocrcc-self

(ma kc-n nd-get-ca t-cooc rec 
n cat-1-level cat-1 Cilt-1•cat-coocrccs-inclcxocl•))) 

(setq output (remove cat-coocrcc-scll: wlndow-matcs・-lncl11dlnrsclf))) 
(setq output window-rnatcs-incl11ding-sclt)) 

(if return-ca ts-on 1.y 
(l.et ((temp-output nil)) 

(loop for ca t-coocrec in output do 
(let ((cat-2 (gclc-cat-coocrcc-clemcnt cat-coocrcc'c,,L.-2))) 

(sctq temp-output 
(adjoin cat-2 tcmp-011tput ,test #'equal)))) 

(se tq output ternp-ou tpuヒ）））
output))) 

3581 ! 
35褻・・・1; ; ; ================================================================================ ==== 
3583 .. 1 ; ;、・II.F. 6. MAKING CA'!'. COOCRECS. SOR1'ED 
3 5 84 I ; ; ; ==================================================================================== 
3585 , 
35蒻 1
Jssr: 

(de fun make-ca t-coocrecs-sorted-wi th-£iles 
................... , I directory corpus-pre fix &key (threshold O .1 J (threshold-key'conclit ional-probal>ili ty J J 
.J..2. 昼8.... i (let< ((cat-coocrecs-indexed-file (format nil "―応A.cat. coocrecs. indexed" directory corpus-prefix J J 
3589' (cat-coocrecs-sorted-file (format nil "―A―A. cat. coocrccs. sorted" directory corpus-prefix J J 
35§(j""; ..... ,,......... (ca t-coocrecs-indexed (read-from-file ca t-coocrecs-inclexed-f ilc J) 
3591 I (ca t-coocrecs-sorted 

(make-ca t-cooc recs-sorted 3592 ; 
万59・3・・！...... , ... …., .... .1 ca t-coocrecs-iudexed 
.3594 ! : threshold threshold 
3595 ! : threshold-key threshold-key) J J 

.. I~.9.§.. .! (write-to-file-no-pp ca t-coocrecs-sortecl ca t-coocrecs-sorted-file J J J 
3597 i 



3 598 i (de fun make-ca t-coocrecs-sorted 
3599 ; (ca t-coocrecs-inclexed &key (threshold O. 1) (threshold-key'conditional-probability)) 
3600 i (let (output) 
3601 ; (loop for n-group in cat-coocrecs-indexed do 
3602; (loop for level-group in (second n-group) do 

• 07 i 

(loop for cat-1-group in (second level-group) do 
(loop for partial-cat-coocrec in (second cat-1-group) do 

; ; ≪convert format later 
(let'((n (first n-group)) 

(level (first level-group)) 
3608 ! (cat-1 (first cat-1-group)) 
3609 i (cat-2 (first partial-cat-coocrec)) ............. .. 
3610 i (cat-coocrec ................. 

；；くくCREATIONOF CAT-COOCREC. 3611 , ............. ・.....
3612 I ; ; くくCONVERTSPARTIAL CAT-COOCREC TO COMPLETE ONE AT FETCH TIME. 
3613 i (make-and-get-cat-coocrec II level cat-1 cat-2 cat-coocrecs-indexed)) .................... , 
3614 i (threshold-key-value ....................... 
3615 I (get-cat-coocrec-element .................... 
3616; cat-coocrec'conditional-probability))) 
3617 i (if (>= threshold-key-value threshold) .................... .. 
3618 i (setq output (Cons cat-coocrec output)))))))) 
3 619 i ; ; ≪Sorting by mutual-information-smoothed -- fixed key 
3620 i ................. (sort-cat-coocrecs-sorted output threshold-key))) 

................. .. 3621 ; 
3 62 2 ; ・ ・ ·====================·===.=====•======= =======================•======•==== ============ 

万も芝3!ヽ"
........................ ; ; ; II. F. 7. SORTING CA1'-C00CRECS-S0RTED 
3 62 4 ; ・ ・ ·================================•================•================================== 

3625 i 
3626 i (de fun sort-cat-coocrecs-sorted (cat-coocrecs-sorted element-name) "・.............., 
3627 i (let ((position (get-cat-coocrec-element-position element-name))) 
3628; ．．．．．．．．．．．．．．．．．． 

3629; 

; ； lambda means "test whether list-1 is greater than list-2 
; ； with respect to the elements at nth position" ....................... 

3630 I (sort cat-coocrecs-sorted 
3631' I'(lambda (listl list2) 
3632 1 ....................... , (if (not (ntmtberp (nth position listl))) 
3633 i (error "Can't sort, pointer to non-numerical element in cat-coocrec. ") 
3634 i ..................... 
3635' 

(> (nth position listl) (nth position list2))))))) 

3636 : '... ==================================================================================== 
’‘’ ................. .. 

3637; ;;; II.F.8. QUERYING CAT-COOCRECS-SORTED 
・gも・蒻...i . . . ==================================================================================== 

ヽ"
3639 i 
3640 i 
3641 ..... " 

(defvar'CAT-COOCRECS-SORTED'nil 

(defun load-cat-coocrecs-sorted 
(ca t-coocrecs-sorted-file) 

(setq'CAT-COOCRECS-SORTED• 

） 

(read-from-file cat-coocrecs-sorted-file)) 
(format t ,,-%LOADING COMPLETED")) 

,ヽ.Collects list of e.g. CONDITIONAL-PROBABILITY values over all CAT-COOCRECS-SORS'ED. 
(de fun get-all-ca t-coocrec-elements 

(element-name ca← coocrecs-sortecl) ..... ー..., り........, 
3651 ! (loop for cat-coocrec in caヒーcoocrecs-sortedcollect 
万瞬..., (get-cat-coocrec-elernent cat-coocrec element-name))) 
'3553'・！

3654 ! ; ; ; ======================================= 

3655 ; ; ； ; II. F. 9. DEFINING CAT-COOCREC-DI FFREC 
3656; ・・・・====================================================================================,ヽ,

36571 .................... 
3658; ;;;A CAT-COOCREC-DIFCREC is a recorcl of the difference between corェespondingcat-coocrecs 

3659 ! ; ; ； iu two corpora. 
3660 , (defvar•cat-coocrec-cliffェec-elements•
3661' ............. ,'I (n O) 
3662 1 ........ .. (level 1) 
3663 i (cat-1 2) ．．．．．．．．．．．．．．．．．．．．．．．． 

3664 ! (cat-2 3) 
3665 ! (element-1 4) 

3666 ! (elernent-2 5) 
3667 l (difference 6 
3668 i (count-1 7) 
3669 l (count-2 8) 
3670 ! (count-sum 9))) 
3671 ! 

; cat-1 se叩uentcount in corpus-1 
; cnt-1 segment count in corpus-2 

DATE 

TIME 

3672 ! 

3673 / 

(defun rnake-cat-coocrec-cliffrec (n level cat-1. cat-2 elernent-1 element-2 difference coun← 1 count-2 count-sum) 
(let ((cat-coocrec-di[frec ．．．．．．．．．．．．．．．．．．．．． 

3674 i (loop for element in•cat-coocrec-cliffrec-elements• collect nil))) 
3675 , (setq cu t-coocrec-dif rrec (put-cu t-coocrec-dif frec-element cu t-coocrec-dif frec'n n)) 
＂蒻冗 (setq ca t-coocrec-d lf free (put-ca t-coocrec-dif frec-elemcnt ca t-coocrec-dif frcc'level level)) 
""l'i¥''if"! (setq ca t-coocrec-clif f rec (pu← ca t-coocrec-dif frec-elemen t ca t-coocrec-diffrec'ca t-1 ca t-1)) 

．．．．．蒻iii'"! (setq ca t-coocrecーclif (rec (pu t-cn t-coocrec-dif (rec-element ca t-coocrec-diffrec'cn t-2 ca t-2)) 
3679 I (setq c,1t-coocrec-cl.lf[rcc (put-cat-coocrec-dif(rec-ele111e11t cnt-coocrec-cHffrec'ele111c11t-l clemeut-1)) 
3680, (setq c,1t-coocrcc-cli[frec (put-cat-coocrec-diffrec-elemc,nヒcat-coocrec-dif frec'el.emcll t-2 elemcn t-2)) 
3681 i (setq c.it-coocrec-dltf:rcc (put-cat-coocrcc-diffェec-alenicntcat-coocrec-dif.f.rec'dif.tcr<,nce cliffeェcncc))
3682: (setq cat-coocrcc-di.ffrec (put-cat-coocrec-diffrec-elcmcnt cat-coocrcc-diffrec'count-l count-1)) ．．．．．．．．．．．．．．． 

3 683 ! (sctq ca t-coocrcc-cli l'.tr.cc (put-ca t-cooc1・cc-dif f rec-element cat-coocrec-cli f free'count-, co11n t.-2)) 
・3534I (setq c,1t-coocrec-cllftrcc (put-cat-coocrcc-di!frec-el.cmcnt c,1t-coocrcc-diffrcc'count-sum co11nt-s11m)) 
3685 1 ca t-coocroc-cli fl'rec)) 

"§686 
3687 I (de fun get-ca t-coocrcc-cl l (trcc-clcmcnt-po.si t lon (clcmcn t-11a111c) 
3688 I (second 

．．．蒻's'ci"i (assoc cJ.cment-namc•cat-coocrec-clitfrcc-clemcnts•))) 
3690 i 
3691 ! (dcfun get-cat-coocrcc-di.1'.(rcc-cl.ement (c;il-coocrcc-diffrcc ol.c•mont-n;imc,) 

．．．．．蒻!i'z"I (let ((position (gct-c<1 t-coocrec-di f frec-c lcmcnt-posi t ion clrnncn t-nnmc 11) 
3693 ! (nth position cat-coocrcc-di([rccl)) 
3694 , ................. 
3695 i (defun put-cnt-coocrcc-clitfrcc-clcmcnt (cat-coocrec-diffrcc clement-name value) 
3696, (let ((cat-coocrec-cllffrcc-copy (copy-list cat-coocrcc-dirfrcc1 I 
3697・ (position (gct-c;, t-coocrec-clif trec-clcrnent-posi tion clcrncn tー11.tme)))
3698 i (setf (nth positl.011 cat-coocrec-dif(rcc-copy) valuc1 .................. 
3699 I ca t-coocrec-dif free-copy I I 
3700 
3701 ..................... (de fun add-ca t-coocrcc-cli ff rec-elcmeu t (c,1 t-coocrec-dif frcc clemcu t-nil me Villue I 
3702 (let ((ca t-coocrec-clir free-copy (copy-li"t ca t-coocェec-diffrec1I 
3703 (olcl-value (get-ca t-coocrec-clitfrec-clewent c,1 t-coocrec-cli f frec element-n,1me I) 
3704 (new-value nill . 
3 705 (position (gc,t-ca t-coocroc-clif frcc-olemen t-posi tion el omen t.-name I 11 
3706 (if (not (listp old-val11e1 I 
3707 (error "old val11c not a list"I 
3708 
3709 
3710 
371 I 
3712 ............... 

(progn (setg new-value (adjoin v,1luc old-value , test I'equal I I 
(setf (nth position cat-coocrec-diffrec-copyl new-value1)) 

cat-coocrcc-difrrec-copy I) 

(de fun sort-ca t-coocrcc-cl if f recs (ca t-coocrec-diffrecs element-name) 
3713 (let ((position (get-ca t-coocrec-dif frec-element-posi tion element-name I I) 
3714';  ; 恥 .MBDAmeans "test whether list-1 is greater than list-2 
ざiis・,
・3クnn

; ; with respect to the elements at nth position" 
( sort cat-coocrec-clLttrecs 

3717; I'(lambda (listl list2) 

31 
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TEXT 

(if (not (nwnberp (nth position listlJ 11 
(error "can't sort, pointer to non-mm,erical element in rec" J 
(> (nth position listl I (nth position list2 I I I I JI I 
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LINE# 

3718; 
3グfill

万・プ⑳! 
・・・312T曹●！ 
＂曹●●● ・・・・・・・・・・・・・・・・' 3722'・ ・ ・==================================================================================== 
3723 ; ····················• ;; ; II. F .10. COMPARING CAT-COOCRECS-SORTED 
3724 ; 

・・・・・・・・・・・・・・・・・ 曹●●.. , Ill 3725 ! 
3726 I ....'fl万＂曹 iI; I Compare CAT-COOCRECS-SORTED in two corpora. 

・; ; ;Assume CAT-COOCRECS-SORTED-FILES have been presorted as desired. 
3728' ・・・・・・・・・・・・・・・・・・・・・ 

(de fun compare-cat-coocrecs-sorted 
3729; ...... ●●● ... ●曹●●......、 (directory corpus-pref七＜ー1 corpus-prefix-2 
3730 ; 

”曹・・ ・・・・・・・・・・・ 曹曹●●曹●
&key (element'conditional-probability) J 

3731 ! 
. 373'2曹l
.... エ•~·o·•••··O

(let'((cat-coocrecs-sorted-file-1 (format nil "-A-A.cat.coocrecs.sorted" directory corpus-prefix-l)) 
(cat-coocrecs-indexecl-file-2 (format nil "-A -A. cat. coocrecs. indexed" directory corpus-prefix-2)) 
(ca← coocrecs-sorted-file-2 (format nil ,,-応A.cat. coocrecs. sorted" directory corpus-prefix-2)) 
(output→ file (format nil ,,~ぷA.vs. -A. cat. coocrecs. comparison" directory corpus-prefix-1 corpus-pref ix-2)) 
(cat-coocrecs-1 (read-from-file cat-coocrecs-・sorted-file-1)) 
(pairs-1 
(loop for record in cat-coocrecs-1 collect 

(list 
(get-cat-coocrec-element record'n) 
(get-cat-coocrec-eleruent record'level) 
(get-ca t-coocrec-element record'cat-1) 
(get-cat-coocrec-element record'cat-2)))) 

(ca t-coocrecs-indexed-2 (read-from-file cat-coocrecs-indexed-file-2)) 
(ca t-coocrecs-2 (read-from-file cat-coocrecs-sorted-file-2)) 
(pairs-2 
(loop for record in cat-coocrecs-2 collect 

(list 
(get-cut-coocrec-element record'n) 
(get-cat-coocrec-element record'level) 
(get-cat-coocrec-element record'cat-1) 
(get-cat-coocrec-element record'cat-2)))) 

(in-both (intersection pairs-1 pairs-2 , test I'equal)) 
(in-both-count (length in-both)) . 
(in-pairs-l-but-not-in-pairs-2 (set-difference pairs-1 pairs-2 , test I'equal)) 
(in-pairs-2-but-not-in-pairs-l (set-difference pairs-2 pairs-1 , test I'equal)) 

(in-both-difference-records-corpus-1-order nil) 
(in-both-difference-records-least-difference-order nil) 
(in-both-clif ference-records-grea test-count-sum-order nil) 

(scumued-in-both-differences O. 0) 
(average-in-both-differences nil) 
(average-pairs-1-element nil) 
(average-pairs-2-element nil) 
(swmued-pairs-1-elements O. O) 
(stunrned-pairs-2-elements O. 0) 

(catrecs-indexed-file-1 (format nil "万「A.catrecs.indexed" directory corpus-prefix-1)) 
(ca trecs-indexed-1 (read-from-file ca trecs-indexed-file-1)) 
(ca trecs-indexed-file-2 (format nil " A A. catrecs. indexed" directory corpus-prefix-2)) 
(catrecs-indexed-2 (read-from-file ca trecs-indexed-file-2))) 

(if output-file 
(if (probe-file output-file) 

(delete-file output-file))) 

, , Loop through CAT-COOCRECS-SORTED-FILE-1, the training corpus, 
11 so that this ordering will be preserved. 
11If retrieved info shows a pair which is in both corpora, go ahead. 
(loop for record-1 in cat-coocrecs-1 do 

(let ((n (get-cat-coocrec-element record-1'n)) 
(level (get-cat-coocrec-element record-1'level)) 
(ca t-1 (get-cat-coocrec-eleu,ent record-1'cat-1)) 
(ca t-2 (get-ca t-coocrec-element record-1'ca t-2))) 

(if (member (list n level cat-1 cat-2) in-both ,test !'equal) 
(let• ((record-2 

;; くくRE-CREATIONOF CAT-COOCREC (at fetch time) 
(make-and-get-ca t-coocrec 
n level cat-1 cat-2 cat-coocrecs-indexed-2)) 

, ； ELEMENT is e.g. CONDITIONAL-PROBABILITY 
(elernent-1 (get-cat-coocrec-elernent recorcl-1 element)) 
(elemen t-2 (get-ca t-coocrec-ele1nent recorcl-2 element)) 
(difference 
(round-to-n-digits 
(abs (-element-1 element-2))•significant-digits•))) 

、;MAKE A NEW DIFFERENCE RECORD. 
(let'((cntrec-1 (get-ca丘 eccat-1 caば ecs-inclcxecl-1))

, ・,≪got same info -- for cat-1 -- frClm catrec-2 
(catrcc-2 (gct-c"trcc cat-1 catrecs-l.ndexed-2)) 
(count-1 (get-catrec-clement catrec-1'cat-segments-count)) 
(counヒー2 (get-caば cc-elcnientcatrec-2 'cat-segrncnts-co"nり）

(count-sum (+ count-1 count-2)) 
(new-ca t-coocrcc-cli f (rec 
(make-ca t-coocrcc-d l(!'rec 
n level cat-1 cat-2 clcmc,nt-1 clcmcnt-2 cllfforcncc count:-!. count-2 com1t-sum) 11 

(setq ln-bot:h-dif fcrcncc-1・ccords-cocpt>s-lーorclor
(CO,¥$ 

newーc:at-coocrec-cl l (free 
in-both-diffcrcncc-rccorcls-corpus-l-ordcr111 

; ;Maintain running sums 
(sctq summccl-in-both-cliffcrcnces (+ summccl-in-!Joth-cllffeccnccs di.f(crc,ncc1) 
(setq sunnued-pairs-1-clcmenls (+ sumn,ed-pa ir s-1-clemcn l:s clcmcn t-1.1) 
(setq sununcd-pairs-2-elcmcnts (+ sunm,cd-p,1 irs-2-elcmcn ts Clemen l-2) 11) 11 

(sctq i'1-both-clifference-rccords-corpus-l-ordcr (reverse in-both-dif Cerence-n'c<1rcls-corpus-l-orclcr I) 
(setq in-both-difference-records-leasヒ-clifterencc-ordcr 

(reverse (sort-ca t-coocrec-dif frecs in-both-dif fcrcnce-records-corpus-1-orclcr'cll.f ferencc I)) 
(setq in-both-clif ference-records-gren tes t-coun t-sun,-order 

(sort-ca t-coocrec-ditfrecs in-bothーdifterence-records-corpus-1-ocdcr'count-sumI) 

1 ;Get averages if any records are shared 
; ; If not, averages remain nil. 
(if in-both-count 

(progn 
(setq average-in-both-differences 

(round-to-n-digits 
(/ (float summed-in-both-differences I (float in-both-count I I•significant-digits*) I 

(setq average-pairs-1-element 
(round-to-n-digits 
(/ (float stuumed-pairs-1-elements) (float in-lloth-countl I•signicicnnt-cligits セ））

(setq average-pairs-2-element 
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; ; ; II. G. THESAURUS, MORPHS-TO-CATS, CATS-TO-MORPHS 
/I//;/ I; 11111111 II///// I I II//////// 1111 I 111 I II 1111 I/ I I/// II I 11 I I////////// I//////////// 

3870 ! 
38汀 "i. ・==================================================================================== ヽi』

3872 j ;,; II.G.l. DEFINING THESAURUS-ENTRY ............... .. 
3873 j I I;======================================• 

............... …, ..... 

3874 I ...................... .. 
3875 ! 111≪unusual format for THESAURUS-FULL requires exceptional treabnent. 
3876 J (defvar•thesaurus-entry-elements-atr• ..................... .. 

.. JEZ...i'((key O) 
3878; (kana 1) ................... 
3879 ! (rornaji 2) 
.... "'"'"(j:J (pos-code 3) 

(cat-codes 4) 
(kanji S))) 
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(round-to-11-clig its 
(/ (float s,umnecl-pairs-2-elements J (float in-both-coun tJ J•significant-digits• J)) J 

, ； PRINTING STARTS 
(smart-format output-file ,,-,;;,-A and万,-,;;,compared in terms of -s" 

ca t-coocrecs-sor tecl-file-1 ca t-coocrec s-sorted-file-2 element J 
(smart-format output-file "-2'(average- s-corpus-1 s J" element average-pairs-1-element) 
(smart-format ou七put-file "-2'(average--s-corpus-2 -51" element average-pairs-2-element) 
(smart-format output-file "-2'(average--s-difference s)" 

element average-in-both-differences) 

(smart-format output-file "-2'(in-both-pairs-count -s)" 
(length in-both-clif ference-records-corpus-1-order J J 

(smart-format output-file "-2'(clifference-records-corpus-1-order s)" in-both-difference-recorcls-corpus-1-order J 

(smart-format output-file "-2'(clifference-records-least-clifference-order -s J" 
in-both-<lif ference-records-least-difference-order) 

(smart-format output-file "-2'(dif ference-records-greatest-count-swu-or<ler -s)" 
in-both-difference-records-greatest-count-sum-order J 

(smart-format output-file "-2, (in-corpus-1-but-not-corpus-2-count―SJ" 
(length in-pairs-1-but-not-in-pairs-2) J 

(smart-format output-file "-2'(in-corpus-1-but-not-corpus-2 -s J" in-pairs-1-but-not-in-pairs-2) 

(smart-format output-file "-2'(in-corpus-2-but-not-corpus-1-count -s J" 
(length in-pairs-2-but-not-in-pairs-l J J 

(smart-format ot1tput-file "-2, (in-corpus-2-but-not-corpus-l s)" in-pairs-2-but-not-in-pairs-l J) J 

3 l ....................... 
3884 I ; ；； no make- fn needed, read-only 
3885 :1喜:I (d汀悶。詈thesaurus-entry-element-position-a tr (elemen t-narne J 

(assoc element-name•thesaurus-entry-elements-a tr*))) 

(defun get-thesaurus-entry-element (thesaurus-entry element-name &key (thesaurus'thesaurus-full J J 
(cond ((equal thesaurus'thesaurus-full) 

(cond ((equal element-name'key) 
(first thesaurus-entry) J 

((equal element→ ,arne'kana) 
(second thesauヱus-entry))

((equal element-name'cat-codes) 
(rest (rest thesaurus-entry)) J 

(t 
(error "Bad index into entry in FULL thesaurus.") J J J 

((equal thesaurus'thesaurus-a tr) 
(let ((position (get-thesaurus→ entry-element-position-atr elemen← name))) 

(nth position thesaurus-entry))) 
(t 
(error "Bad thesaurus specification to getーヒhesaurus-entry-element.")))) 

'''----------
; ； ; II. G. 2. THESAURUS LOAD AND ACCESS 
・・・====================================================================================,ヽ,

........ 一........! 
391 0 i (defvar• thesaurus-a tr* nil) .................... 
3911 ..................... 
3912 (defvar•thesaurus-full• nil) 糾¾--·I (defvar•thesaurus-hierarchy• uil) 
3915 ．・..........
3916 (defvar• hierarchy-romaj i• nil) 

”● ● ......... .. 

蒻:iJ; ; ;THESAURUS-FILE stores expressions as stream, not list 
3919 I (defun load-thesaurus-aヒr (&key (thesaurus-file .,-/smvey/jap/topl.c/ATR")) ...................... 
3920 (format t ,.-itoading thesaurus from file -... thosnurus-(ile) 

....... ・・．．．．

3921 
.... .. 

(setq•thesaurus-a tr* (read-loop thesaurus-file)) ..... .ヽ.............
3922 (format t .,-'Finished J.o,icllng theso1urus from file ~a" thcs,1urus-file)) ．．．曹..........
3923 

●●●● ............ .. 

3924 (defun load-thesaurus-full (&key (thesaurus-file ,.~;survcy/jiip/lcopi.c/FUIふ"))................ 
3925 (format t .,~ir』oading thcs,1t1rus [ro111 file ~a" thcs,1t1rus-(l.J.c) 

3926 (setq•thesaurus-full• (read-loop thc.saurus-l'.i.、le)I_ 
3927 (format t ,.~%Finished loacling thcsaur.t1s from [i.le a" tlieil≪ur:ur.-(ilc)) 

3928 ........ 
3929 .. (de fun get-thesaurus-en tries-with-(ilcs 
3930 (morphrcc directory &key (thesilt1rus'thcliilt1ru,;-[t1J l)) .............. 
39 3 I (cone! ((equal thesaurus'thesaurus-fu 11) 

..... ,j'<j'f;C (i((null•thcsm1rus-full•) 

3933 
．．．． 

.. ●●● .. ・・ ・....... . (progn 
3934 (format t ,.~>Loading thesaurus-Cull.") 

, ・3935・・ (load-thesaurus-full)) I) .......... 
3936 ((equal thesaurus'thesaurus-a tr) .......... 
3937 (if (null *thes,ntrus-atr•) ..... 
3938 ............ (progn 
3939 

39461 

(format t "~uoadi119 Lhcsaurus-iltr.") 
(load-thesaurus-a tr)))) ・..........

3941 (t (error "In g。t-thesaurus-entrics-w ith-t ilcs, l1o1<l lhes,1urus spec i tied, -s. " thes,rnrus))) ............. 
3942 

、.... 
(cond ((equal thesaurus'thesaurus-full) 

~}:iI~...i (get-thesaurus-entries-full 111orphrec directory)) 
3944 ((equal thesaurus'thesaurus-a tr) ............ 
3945 

:3Q4~」
..... ・...I (get-thesaurus-entries-a tr morphrcc d ircc tory)) 

(t (error "In get-thesaurus-entries-with-files, b,1cl thesaurus specified 
3947 I ............ 
3948 1 ....... …....... ; 
3949 ! ; ; ; ≪examples of ATR format .......... 
3950 , I 

; ; ； ENTRIES ARS STRINGS、NOl'SYM80LS................... 
3951 ! ．．．．．＂． ; ； ; ("! 開""がわ" "gawa" "04" ("lOlcl" "104f") "!!/I "I 
3952 I 

！ ; ; ; （＇’ハス""パス" "basu" "04" "997a" "パス "I
... °3953' ・.............I;;;("なまえ""なまえ""namae" "04" ("822" "822b") "名前")
3954 i ............. 
3955 l ...... , ; ; ;If morph is listed in thesaurus by kanji, assoc will find it 
3956 ! ;;;Else search through all entries by kaoa. ............. 
395 7 .. 1 ; ; ; There may be several entries with same kana. 

-s." thesaurus)) I I 



FILE 

cooc.lisp 

LINE# 

3958 ! ............... , ; ; ; They should be grouped together, but one error was found 
3959 ! ; ; ; Abort kana searches at first non-match after morph has been found. ..................... , 
3960 l .................. ● .. , 

(de fun get-thesaurus-entries-a tr cmorphrec directory) 
3961 ! ..................... , (let• ((thesaurus-prefix "atr") 
3962 .. ! (lex (get-ruorphrec-element morphrec'lex)) 

(lex-string (format nil ,,~s" lex)) 
(pos (get-morphrec-element morphrec'pos)) 
(atr-pos (map-pos-romaji-to-atr pos))) 

,, If atr-pos is verb, convert to dictionary form. 
(if (or (equal pos'verb) 

(equal pos 21) 
(equal pos'本動詞））

(progn 
(setq lex 

(get-dictionary-form-for-verb-steru 
lex directory thesaurus-prefix)) 

(setq lex-string (format nil ,,~ s" lex)))) 

•• 

＂
"
 

• 

•.. 

“

"

 

.
＂
＂
 

• 

•. 

"

"

.

"

＂

 

一~
4
t
J
6
"
7
8
"
9
o;-;Nj 
3

月

5
i
6
?
§
9
~
o
i
1
i
2
~
3
?

恒
8
"
8
困
8

翌

9
i
,
~
9
9
i
9
§
9
9
§
9
6
~
9o
t
o
:
 
0-
— 

云
ソ

§
b
9
0妥
ソ

b
9
b
9
0妥
9
0
J
P
9
9
i
,
§
"
9
0
J
d
0
6
r
o
d
9
0
“
―

r
3
3

つ3
5
3

月

3

含

3
3
3

固

3

含

3

月

3

社

4
~
4
§
4
i

"
＂
・
 

•• 

"~~~"". 

.
"
＂
"
＂
＂
．
 

; ;If atr-pos is cOimuon-noun, convert to dictionary form. 
(if (or (equal pos'conunon-noun) 

(equal pos 14) 
(equal pos'普通名詞））

(setq lex 
(get-dictionary-form-for-common-noun 
lex directory thesaurus-prefix))) 

、、Ifmorph is kanj i, use ASSOC. 
(let ((morph-entry (assoc lex-string * thesaurus-a tr• , test I'equal)) 

(candidates nil)) 

; ； But if not found according to kanji, have to search by kana. 
(if (null morph-entry) 

(let ((found? nil) 
(passed? nil)) 

;;Set found? to t when first match is found. 
; ； Set passed? to t at first non-match after that. 
(loop for entry in•thesaurus-atr• until passed? do 

(if (and (equal lex-string (second entry)) 
(equal atr-pos (fourth entry))) 

(progn 
(setq found? t) 
(setq candidates (cons entry candidates))) 

(if found? 
(setq passed? t)))))) 

(if morph-en try 
(list morph-entry) 
candidates)))) 

(defun get-thesaurus-entries-full (morphrec directory) 

4009 I ..................... , (let• ((thesaurus-prefix "full") 
4010・ ...................... , (lex (get-morphrec-element rnorphrec'lex)) 
4011 1 ...................... , (pos (get-morphrec-element morphrec'pos))) 
4012 i .... ,." ... , .. " .... , 

; ; If atr-pos is verb, convert to dictionary form. 
(if (or (equal pos'verb) 

(equal pos 21) 
(equal pos'本動詞））

(setq lex 
(get-dictionary-form-for-verb-stem 
lex directory thesauェus-prefix)))
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;;If atr-pos is common-noun, convert to dictionary form. 
(if (or (equal pos'common-noun) 

(equal pos 14 J 
(equal pos'背通名詞））

(setq lex 
(get-dictionary-form-for-common-noun 
lex directory thesaurus-prefix)) I 

,, If morph is kanji, use ASSOC. 
(let ((morph-entry (assoc lex•thesaurus-full• , test I'equal)) 

(candidates nil)) 

r not found according to kanji, have to search by kana. 
11 morph-entry) 

((found? nil) 
assec!? nil)) 

t found? to t when first match is found. 
し passed? to t at first non-match after that. 
p for en try in'thesaurus-full'until passed? do 

;1'his test neglects pos. 
H (equal lex (second entェy))

(progn 
(sctq found? t) 
(setq candidates (cons entry c,rndidates))) 

(if fouml? 
(setq p,1ssed? t)))))) 

; ; ,==================================================================================== 
; ; ; II.G.3. S'IISSAURUS IIIERARCIIY LOAD邸 D ACCESS 

4065 I ················•··' ; ；； 

4066 I 

4067 i (clefun load-hierarchy (&key (hierarchy-file "~;survex/J ap/topic/HIERARCHY" J 
4068 I (hierarchy-romaj i-file " /survey/j ap/topic/llIERARCHY. romaj i")) 
4069..i (setq•thesaurus-hierarchy• (read-loop hierarchy-file)) 

(format t "-Hinishecl loading hierarchy from file ―a" hierarchy-file) 

4072' (if hierarchy-romaj i.-file 

4073' ・・・・・・・・・・・・・・・・・・・.l 
(progn (setq•hi.erarchy-romaji• (read-loop hi.erarchy-roruaji-filel) 

4074 i (format t 00~irinishecl loading hierarchy-romaji froru file a" hi.erarchy-romaji-file))) J ...................... , 
4075 I ..................... 
4076 

.. , 
1 (clefun get-hierarchy-entry (code) ............. 

4077 I 
... , 

(assoc code• thesaurus-hierilrchy• , test #'equal)) 

|＇」



, : ;Returns list of ancestor code strings, ordered with most specific first. 
(defun get-code-ancestors (code) 

(let• ((char-list (coerce code'list)) 
(reverse-char-list (reverse char-list)) 
(result nil)) 

(loop while reverse-char-list do 
(let ((remainder (rest reverse-chaェ・-list)l l 

(if remainder 
(se tq result 

(cons (reverse remainder) result))) 
(setq reverse-char-list remainder))) 

(loop for ancestor in (reverse result) collect 
(coerce ancestor'string)))) 

4 IO I ! ; ; ; II. G. 4 MAKING MORPHS-TO-CATS 

4To2: '; ; ;==================================================================================== 

4103 ! 
Tio互・;(defun make-morphs-to-cats-with~files 

4 I 05 ; (pos-list directory corpus~prefix &key (tり発atu:us 'thesaurus-full)) 
4106 ! (let ((morphrecs-indexed-file (format nil " A A. morplu:ecs. indexed" directory corpus-prefix)) .................... 
4107; (morphs-to-cats-file (format nil ,,~ぷA.moEp~s.to.cats" directory corpus-prefix)) ................ 
4¥08 I (morphs-to-cats-global-file (format nil " A A. morphs. to. cats. global" di.rectory corpus-prefix)) 
4 ¥ 09 I (output nil) ......................、
4110 ! (global-output nil)) ........................ 
4111 ! ．．．．．．．．．．．．．．．．．．．．．． 
4112 ; ; ;Make sure required thesaurus is loaded. 

'',ffT3・! (cond ((and (equal thesaurus'thesaurus-atr) .................... , 
41 14 l (null•thesaurus-atr•)) .................. , 
4115 ! (load-thesaurus-atr)) 

41 I 6' ..................... , ((and (equal thesaurus'thesaurus-full) 
41 I 7 l (null•thesaurus-full•)) 
41 I 8 j (load-thesaurus-full))) 

............ c .. , ... , 

4125 i ．．．．．．・......... 
4126 ! ................... 
4127 ! 

互Tii¥"'1
4129 1 ........ …........ , 
4130 ; ................. 
4131 I ................... , 
41 32 ! 
4133 ! 
4134 ! ................ .. 
4 I 35 l 
4 I 36 ! .............. 
4 I 37 , ............... , 
4138 I 
4139 ! 
4140, 
4141J 
4)4Li 
4143 I ............... 
4144 1 
4145 ! 
4146 l ............ .. 
4147 I ................... 
4148 ; 
414<i! 
4150・ .................. 
4151' ............... 
4152 
41 53 i 

I 

(loop for pos in pos-list do 
(let• ((morphrecs (third (assoc pos (read-from-file rnorphrecs-inclexed-fileJ J J J 

(morphrecs-length (length rnorphrecs J J J 
(let ((output-this-pos nil) 

(rnorplu:ecs-with-rnul tiple-entries-count OJ 
(morphrecs-with-multiple-entries nil) 
(failures OJ 
(rnorphrecs-without-entries nil) J .. -(format t %Getting thesaurus entries from -s for all rnorphrecs with pos -s. -沿" thesaurus pos) 

(loop for rnorphrec in morphrecs do 
(format t ", ") 
(let ((entries 

(cond ((equal thesaurus'thesaurus-a tr J 
(get-thesamus-entries-atr rnorphrec directory) J 

((equal thesaurus'thesaurus-full J 
(get-thesaurus-entries-full morphrec directory) J 

(t (error "Bad thesaurus specification in make-morphs-to-cats-with-files.") J)) J 
(if (null entries) 

; ； No entries were found 
(progn 

(setq failures (l+ failures)) 
; ,Morplu:ec will appear in output with null thesaurus-entries field 
(setq output-this-pos (cons morphrec output-this-pos) J 
(setq morphrecs-without-entries 

(cons morphrec morphrecs-wi thout-en tries) J) 

-,Entries were found, so update morphrec with those entries. 
(let ((new-morphrec (put-morphrec-element morph rec'thesaurus-entries entries) J) 

(if (second entries) ;more than one entry was found 
(progn (setq morphrecs-with-mul tipl.c-entr ies 

(cons new-morphrec morphrecs-wi th-multiple-entries J J 
(setq morphrecs-withーmultiple-en口:i.es-coun t 

(l+ morphェecs-with-multiple-en tries-cou,i t)))) 
(setq output-this-pos (cons new-morphrec output-thi.s-posJ))))) 

4154 ! 
.................. , 4155 I (let ((failure-ratio I/ (float failures)(float morphrecs-lcn9th)))) 
4156 ! (setq output (cons (list pos nil (reverse output-this-pos)) ouヒput)).............. 
415 7 , .............. 
4158 ; (seしq global-output ．．．・............ 
4159 ; (cons (list pos nil ,．曹...........; 
4160; (list (morphrocs-length ,morphrccs-lcn9th) 
4161 . (failures , failures) 
4162' _ I f:allurc-rutio , failure-ratio) 
4T63・1 _ (morphrccs-without-cn tr i.cs , (rcvcr,;c, morphrcGs-wi.thout-cn tries)) ................ 
41 64 _ (mo.rphrecs-wi th-multiple-en trics-coun t , morph rc,cs-wi th-mul. ti.ple-entries-coun t) 
.. 4T6S:-I (morphrccs-wi th-mul t i.plc-cn tri.c.s , (reverse morphrccs-w i. th-mn lt iple-ontri.os)))) 
4166 global-output)) I) J J ．．．．・....... 
4167 . ..1 (write-to-file-no-pp output morphs-to-cat.s-(ll.c) 
41 GS (wri tc-to-file-no-pp global-output morphs-to-ca ts-global-(ll.c!))) 
4169 

; ; ; ====••= ==========•=====================•= ====•============ =•== ==== =• = ==•= ======••·=" 4(7()・ 
41 7 I ;; ; II. G. 5. QUじRYINGMORPHS-TO-CATS 
4172 .......... .. ·==-•• ニ==-=•== = ==••=== = =-==== ==• ======= = =• • == = = = = == == = =========a 、、、
4173 
4174 (dcfvar•MORPIIS-1'0-CM'S'nil) .............. 
4175 ............... 
4176 (clcfun load-morphs-toべ cats
4177 J (morphs-to-cats-file) 
・・訂7'3"• ( sc tq • MO!ll'JIS-1'0-CM'S • 
4179 (read-from-file morphs-to-cats-file))) ......... .. 
4180 
{i:8 i-::I (do l'un get-morph-ca ts-with-files 
4182 ! (lex pos directory morphs-to-cats-prefix .............. 
41 83 ! &key (thesaurus'thesaurus-full)I l~v~l nil)) ....... 
4184 ! (let• ((morphs-to-cats-file (format nil " A A.morphs. to.cat.," directory morphs-to-c;cts-prefi.x))) 
41 85 ! I if I null 勺»orphs-to-cats•)
4fsi5! (progn 
4187 1 (format t ,.-もLoadingmorph-to-cats fron1 file -a." morphs-to-c叫 ふfile)

4188 ! (load-morphs-to-cats morphs-to-cats-file))) 
泊"ii'i:i... ! (get-morph-cats lex pos•n,orphs-to-cats• ,thesaurus thesaurus ,level level))) 

4190 i 
4191' I ; ; ;Get the cat or cats for a given morph. 
4192 ! (defun get-n,orph-cats (lex pos morphs-to-cats &key (thesaurus'thesaurus-full)(level nil)) ............... , 
4193 ! (let• ((pos-morphrecs (third (assoc pos morphs-to-cats ,test !'equal))) 

4194 ! (morphrec (assoc lex pos-morphrecs , test j'equal)) 
、4T95... ! (thesaurus-entries (get-morphrec-element morphrec'thesau.rus-entries)) 
4196 ! .............. outpuヒ）
4197 I (loop for en~in thesaurus-entries do 

35 



........ ー．ふぷ...., 

4214; 
"'互ifs"!
4216; 
4217' ●● """"●● """""' 
4218 i 

"'""""' 

4219 I 
4220 I 

""""'● .. ,, 

422¥ I 
""""""""● """、

4222 I "'"""" .... ,. 
4223 ; 
4224 ! "'●●● ...... ,., •• , .. ,、

TEXT 
(let ((cat-codes 

(get-thesaurus-entry-element entry'cat-codes , thesaurus thesaurus))) 
(if cat-codes 

(if (consp cat-codes) 
(setq output (append output cat-codes)) 
(setq output (append output (list cat-codes) 11))) I 

; ； Iff LEVEL is specified, collect ancestors for all associated codes 
;;and then filter, using only codes at theェightlevel. 
; ;Else any codes supplied by the thesaurus are used, 
; ； and these can be at several levels. 
(if level 

(let ((all-ancestors nil) 
(ancestors-at-right-level nil)) 

(loop for cat-code in output do 
(let ((this-cat-plus-ancestors 

(adjoin cat-code (get-code-ancestors cat-code) , test I'equal)) I 
(loop for ancestor in this-cat-plus-ancestors do 

(setq all-ancestors 
(adjoin ancestor all-ances七ors , test I'equal))))) 

(loop for ancestor in all-ancestors do 
(if (equal (length ancestor I level) 

(setq ancestors-at-right-level 
(adjoin ancestor ancestors-at-right-level , test I'equal I I) I 

(setq output ancestors-at-right-level))) 
output) I 

4225 ! ・・・===•=======••=••===========•=•••=====•====================================•=•==••===I ,, , 
4226; り""""'C"C"~•"a

""い"'て'""""''

4237 ! 
● """""""""""• 

4238 ! 
"'"""'""● • 
4239 ; 

"'"''''""""'"'''' 40 ! 

; ；； II. G. 6. GETTING MORPH DICTIONARY FORMS 
●'・==================================================================================== 

(defun get-dictionary-form-for-verb-stem (verb-stem directory thesaurus-prefix) 
(let ((lexicon 

(read-from-file 
(format uil " A A. verb .dictionary, forms" directory thesaurus-prefix)))) 

(if (null lexicon) 
(error "Null conversion lexicon retrieved from -ぷ'A.verb. dictionary. forms" directory thesaurus-prefix I I 

(or (second (assoc verb-stem lexicon ,test f'equal)) 
verb-stem)) I 

(defun get-dictionary-form-for-co1mnon-noun (common-noun directory七hesaurus-prefix)
(let ((lexicon 

(read-from-file 
41 , (format 11il " A A. common. 11oun. dictionary. forms" directory thesau:rus-prefix I))) 
42 l •.••.• .-•• c ........... , (if (null lexicon I 

4243 l - -
"""""・ ● ... ● ..... , 

(error "Null conversion lexicon retrieved from A A. common. noun. dictionary. forms" directory thesaurus-prefix I) 
4244 . """● 

4245' ; ; ； Note OR to handle failuヱe, since not eveェy noun is listed 
4246 l (or (second (assoc conunon-noun lexicon , test I'equal)) 
4247・●● ""い...............1 common-noun))) 
4248 .. , .... , ..... , 

.. ・==================================================================================== 
; ；； II. G. 7. MAKING CATS-TO-MORPHS 
; II 

4252 """"""""● .. 

"""學．国：l (defun make-cats-to-morphs-with-files (directory corpus-prefix &key (thesaurus'thesaurus-full)) 
4254, , (let'((morphs-to-cats-file (format nil "―A―A.morphs. 七o.cats" directory corpus-prefix) I 

... ● ..... c., ......... , 
4259 ! 

, .... 4'zi56'! 

(cats-to-morphs-file (format nil "-A-A.cats. to.morphs" direc七orycorpus-prefix) I 
(morphs-to-cats (read-from-file morphs-to-cats-file) I 
(cats-to-morphs 
(make-cats-to-morphs morphs-to-cats'(root nil nil) , thesaurus thesaurus)) I 

(write-to-file-no-pp cats-to-morphs cats-toーmorphs-file)11 

, ・42i5f' . ...... j (de fun make-ca ts-to-morphs (morphs-to-ca ts ca ts-to-morphs &key (thesaurus'thesaurus-full)) 
4262 i (loop for pos in morphs-to-ca ts do 
4263' .............. 1 (let ((morphrecs-this-pos (third pos)) I 
4264 I (loop for morphrec in morphrecs-this-pos do 
互z'5・s.. ・1 
4266 
二口::・:::::... ! (let ((thesaurus-entries (get-morphrec-element morphrec 'thesaurus-entries) I) 

~~~Zj 
(loop for entry in thesaurus-entries do 

(let ((cat-cocles 
4268 (get-thesaurus-entry-element entry'cat-codes , thesaurus thesaurus I I) 
4269' (if cat-codes 
42?0 I 

●● ・;rzff"i 
(if (not (consp ca t-cocles)) 

(setq cat-codes (list cat-codes)) I I 
●● 4212・1 (loop for cat-code in cat-codes do 
... +n.2」 (setqcats-to-morphs 
... .4.f.74 ... 1・(insert-mo r p h r e c - i n t o - c a t s - t o-morphs  
4275 morphr.ec cat-code cats-to-morphs))))))) I) 
4276 

詞I:烹屑［三喜旦言;)三三言ド；丑詈［三三正曰ザ認Cc≫<H.C c~c<« 

4277 
cats-to-morphs I 

(loop for object in ancestor-codes-top-clown do 
(let ((lower-node 

(assoc object (9et-noclc-struct11re-clemcllt current-lloclc'daughtcr..sl 
: test I'equal I) I 

(if lower-node 
(setq current-node lowcr-noclol 
(let• ((new-lower-node (make-node-structure objcctl I 

(ncw-current-noclc 
、,； NDN-DESS'RUCS'IVE!,Y aclcl ncw-lowcr-noclo to daughters of cuucnt-noclo. 
(put-nodc-s true tu re-clement 
currcn t-noclc 
'daughters 
(cons new-lower-node 

(gct-noclc-stェucture-clcmcutcurrent-node'daughters))))) 
(setq ca ts-to-morplw 

(Suhst new-current-node cuエ匹llヒーnode c,1ts-to-morphs)) 
(setq current-node new-lower-node I) 111 

(let ((new-current-node 
(acld-node-structuェe-elcment current-node•,,,orphrecs morphrec))) 

(setq ca ts-to-morphs 
(subst new-current-node current-node cats-to-morphs) I) 

cats-to-morphs) I 

(de fun collect-morphs-・wi thou t-en tries (morphs-to-cats-global-file pos output-file) 
(let'((global (read-from-file morphs-to-ca ts-global→ file I I 

(pos-record (assoc pos global , test l'equall) 
(morphrecs-wi thou t-en tries 
(second (assoc'morphェ・ecs-without-entries (third pos-recordl ,test /'equal))) 

(morphs-wi thou t-eu tries 
'(loop  for ruorphrec in morphrecs-without-entries collect ........ -..•.. ー..., 

4313 l (list (first morphrecll)II 
4314 i (write-to-file-no-pp morphs-without-entries output-file)) I 
431 5 i 
4316; ・・・====================================================================================

•··、43Tfi
,ヽ,

; ;; II.G.8. QUERYING CATS-TO-MORPHS 
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LINE# 

12/22/94 

2:03:15 am 

4318, ; , , ;ace  
"''""""" 

4319 , 
, ""'"'"""""" 

4320 i (defvar•CATS-TO-NORPHS• nil) ,.,,.,,,, り,,

4321 ; 
4322 ! (de[un load-cats-to-morphs 
4323 ! (cats-to-morphs-file) ,.,.,,,,,,, 

4324; (setq•CATS-TO-MORPHS• 
●● ,,,.,,,,,,, 

4325 ! (read-from-file cats-to-morphs-file))) ,,,,.,,,,,,,, 

4326 i '""''""….. 
4327 ! (defun get-cat-morphs-with-files 

9● " """"'"  

4328; (cat directory morphs-to-cats-prefix &kきy_(posnil)) 
(let'((cats-to-morphs-file (format nil " A A.cats.to.morphs" directory morphs-to-cats-prefix) J J 

(if (null•cats-to-morphs•) 
(progn 

(format t "~, Loading ca ts-to-morphs from file ~a." ca ts-to-morphs-file J 
(load-cats-to-morphs cats-to-morphs-file) J J 

(get-cat-morphs cat•cats-to • morphs• ,pos posJ) I 

(defun get-cat-morphs (cat cats-to-morphs &key (pos nil)) 
(let'((cat-node (get-cats-to-morphs-node cat cats-to-morphs))) ...................... , 

4338 i (if (11ull cat-node) 
4339 i (error "In get-cat-morphs, get-cats-toーmorphs-nodefound no node for the specified cat.")) .................. 
4340 ! (get-all-morphs-under-node cat-node ,pos pos))) 

．．．．．．．．．．．．．．．．．．．．．．， 

4341 i ......... 
4342 i ; ; ;Given a node in a cats-to-morphs tree structl¥Ie, ..................... 
4343 i ;;;returns all morphrecs under that node. 
4344 ! (defun get-all-morphs-under-node (current-node &key (pos nil)) 
4345 ! ...................、 (let ((output nil) 
4346 i 

... 43巧: (daughters 
(get-node-structure-element 

4348' , current-node'daughters))) 
'43°49; 
: ]I'i.<Li ; ;This is a terminal. 
4351 i (if (null daughters) ．．．．．．．．．．．．．．．．．．．．．．． 

4352 ! 
nsr: 

(let ((morphrecs 
(get-node-structure-element current-node'morphrecs))) 

(if pas 
(let ((filtered-morphrecs 

(loop for morphrec in morphrecs 
when 
(equal 
pos 
(get-morphrec-elen1ent morphェec'pos))

collect 
morphrec) I I 

(setq morphrecs filtered-morphrecs))) 
(setq output 

(append morphrecs output))) 

9•9,
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,'、・Elserecurse. 
(loop for daughter in daughters do 

(setq output 
(append output (get-all-morphs-under-node daughter 

output)) 
pos pos I I I I I 

, , , llotricves a node in the CATS-TO-MORPHS tree structure. 
(clefun get-cats-to-morphs-node (cat cats-to-morphs) 

(let'((ancestor-codes-top-down (append (reverse (get-code-ancestors cat) J (list cat) J J 
(current-node cats-to-morphs) 
(top-code nil J J 

(loop whi.le ancestor-codes-top-down do 
(setg top-code (first ancestor-codes-top-down) J 
(setq ancestor-codes-top-down 

(cdr ancestor-codes-top-down J J 
(let ((lower-nocle 

(assoc top-code 
(get-nocle-structme-element 
current-node'daughters J 
: test l'egual)JI 

(if lower-node 
(setq current-node lower-node) 
(error "In GET-CATS-TO-MORPHS-NODE, ASSOC failed to find a specified node on path clown to cat." J))) 

currcnt-noclie)) 

4 
43 .. 
4383 
4384 ! ........ 曹......
4385 i 
4386; 
4387 ; "曹・・・・・・・・・・・・・・・
4388 i .... 曹・・・・・・・・・・・・・・・
4389 i .... , .•••. 曹.....、
4390 i 
4391 i 
4392 i・ ・ 曹,, ≪ヽ H●'...'.........."""*'*"*"宣.......● .... ,, ........................ , 貪`賣....
4393 I 、・;;
4394 [ ; ; ; III. KEIC CONVEllSION 
4395 ! ；；、．
4396' ・ ・ 今ヽ...............女..............寅＊＊＊＊＊責＊＊＊＊＊＊＊＊＊・て.............................,. ● " 

4397 i 曹●● 曹・・・・・・・

4398 ; ;、•、·l'Lilin KICC, without special J-KEE (Japanese KEE) facilities, will not handle J,1panesc ch,1racters 
4399 i 、・;;応 awor>.-arouncl to permit interfacing, we can convert specified co-oc [iles to romilji. 

＂曹＂曹・・・・・・・・・・・・・・
4400: ; ; ；'l'ltis [unction converts MOl{PIIRECS-INDEXED to permit REE load of morphrecs, 

・・・・・・・・・・・ ・・・・・・ ・ 曹曹●
4401 : ; ; ； Sec al ,ao sop,, rate (ilo CO-OC-1'0-KEE. LISP, and see documents, ..................... 
4402' .............. 曹・

(de t:u11 co11vcr t-rnorpltrecs-i11clcxed-to-romaj i-wit只 iles (directory corpus-prefix) 
,44Q}! (lいい ((morpltrccs-indexecl-(ile (format nil " A A,mo,:p~rccs, indexed" director.y cocpt1炉 prcf:i.x))
4404 i (rnorphrecs-i11clcxed-romaji-file (format 11il" A A,morphrccs,i11clcxccl.rornilji" directory cocp11C1-pro[lx)) 
4405 (rnorplt recs-indexed (rend-from-f ilc morphrccs-indexcd-file)) 
4406 I ＂曹.......... (output nil) I 
4407 l ...... ● ...... 

(Lf (llul.l•kullji-t.o-romajiー mappings•)

4408 i (.sc しq•k,rnj l-to-romaji-mappings・＂曹......バ.......曹..

4409 , (rcncl-from-filc (form,1t nil "-A-A,kanji.to.romajl." ell.recto打 corpllll-pc<>llx)11) 
4410曹 (loop for poD-record Jn morphrccs-indcxcd do 
・・・・・・・--曹......曹・
4411 (1"t• ((pos (flrst pos-エccord))
4412 (morphs-i n-pos (scconcl pos-rccord)) 
4413 (morphs-i!l-pos-romaj i 
4414 (loop for morph-J.n-pos in morphs-in-pos collect 

44Ts ... 曹............. (get-ron"1j i-for-kanj i morph-io-pos) I) 
4416 (morphrocs-i.n-pos (third pos-rccorcll) 
4417 (morphrccs-in-pos-romaj i 

4418 (loop for morphrec-in-pos in 1norphrccs-in-pos collect . ........ 曹曹● 曹●曹・
4419 (let• ((lex (gct-mor.phrec-elemcnt morphrcc-in-pos'lex)) 
4420' (lex-romaj i (gct-romaj i-for-kanj l lex)) •..... 曹・・・・・・・・
4421 (mor.phrec-romnj i 

4422 (put-morphrcc-elcment morphrcc-in-pos'lex lex-rom,1ji) 11 

4423 morphroc-romaj i)))) 

4424 (se tq ot,tpu t 

4425 (cons 
4ぶitr (list pos morphs-in-pos-romaj i morphrecs-in-pos-romaj i) 

4427 ・曹.......曹....曹..... output)))) 
4428 i (setq output (reverse output) I 

4429 i (',<rile-to-fl.le output rnorphrecs-indexcd-romaji-file) I) 
4430 , 
4431 i ................... (clctvar•kanji-to-romaji-m,,ppings• nill 
4432 i 
4433・, cldun gct-romaji-for-kanji (kanji) 
4434; (second (assoc kanji•kanji-to-romaji-mappings• , test I'equal)) I 
4435 i 
4436 i 
4437・ 
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(in-package'KEE) 
; ； ; NOTE!!! Runs in KEE in Lucid Conuuon Lisp 4. 0, not 4 .1. 

,,,,.,、、,、,；； ,',','、,; ; ； ; ; ; ,'j,',',',','j,',',',',',',',',',',',',',',',',',',','jj,'jjj,'j,',',',',',',',','jjj,','/,',、,,,,,,,,,、,

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;、,; ; ; ； ; ；； I I I I I; I I I I;;;;,,,,,,, 

co-oc, Building Knowledge Bases of Co-occurrence Information 
AUX Functions for KEE Interface 

Mark Seli叩nan
Dec. 1994 

;;;;;;;;;;;;;;;、.; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;、,;;;;、"''ヽ 'ヽ"'ヽ ,,,,,,, 9ヽ

, , ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ,',、,,ヽ,,,,,,,,,,,,,,,,

, , ; I. BORROWED FUNCTIONS FROM CO-OC. LISP 
A. READING/l-lRI TING 
B. DEFINING NECESSARY STRUCTURES 

1. DEFINING MDRPHREC DATASTRUCTURE 
2. DEFINING CATREC DATASTRUCTURE 
3. DEFINING NODE-STRUCTURE 

C. OTHER 

,、,II. FUNCTIONS SPECIFICALLY FOR KEE 
; ; ； A. HACKS 
; ； ; B. CREATING KEE UNITS 

1. KEE UNITS CORRESPONDING TO MORPHRECS 
2. KEE UNITS CORRESPONDING TO CATRECS 

・・＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊,, , 
，；， 
11; I. BORROWED FUNCTIONS FROM CO-OC. LISP 

* .... * *. * *'* * ** ** * * ... * ** * * ** * * * .. ** * * ** *. * * ** * *** *. * * ... *. * * •• *'*'*'.....''* * *'* * •• 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

; ; ; I. A. READING/WRITING 
42 ; 
4T! 

; ；；； ; ,, ；； ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;; ; ; ; ; ; ; ; ; ; ; ; ; ; 

............... ヽ

44 ; ,-,-;To avoid problems with pprint, etc. ............ 
45 i (setq•print-level'20) .......... 
46 ! (setq•print-shared• llil) ．．．．．．．．．．．．．．．．．．， 

47 , (setq•print-circle• nil) 

•·••••••• 蒻!
49 ; ; ,-; Reads one s-exp from file. .............. , 
50 ; ;; ; If no such file, returns nil. ............ , 
5 I ; (defun read-from-file (file) 
52 ! (with-open-file ．．．．．．．．．．．．．．．．．．．．， 

53 ! (input-stream file ,direction , input , if-does-not-exist nil) ............. 
54 , (if inpt1t-stream .......... , 
55 ; (read input-stream) ...............、

......... ..S.!> ... i nil))) 

........... 57 ! ........ 

........ ..S.~.. ! ,-,-,-Writes (pprints) one s-exp七o file. 
59 ! (defun write-to-file (output file) 
60) (with-open-file ..... 
61 i (output-stream 
i3Z'i fュle
6釘：direction , output .................. .. 
64 , : if-exists , new-version 
65 , 
， 

: if-does-not-exist , create) .......... , 
. 66 ; ......... (pprint output output-stream))) 
. 67 ; 

68 ; ; ,-;Writes (but does not pprint) one s-exp to file 
．．．．．．．．．．．．．．．．．．．．． 

q9」(defunwrite-to-file-no-pp (output file) 
70 ; (with-open-file 
71・, (output-stream file 
72• 

., 

ifl 
: direction , output 
: if-exists , new-version 

．．．．．．．．． 

74 I , if-docs-not-exist , create) 
75 ! (format output-stream ,.-s" output))) 
・7;,1 
77 I、,; ; S'akes SERIES of s-exps from file aud returns LIST of s-exps 
78・; (clefun read-loop (file) ........... , 7.~... i (let (output) 
80; 
sr! 

(with-open-file 
(input-stream file ,direction , inpuヒ）

＆ざi (let ((new-value t)) ....... , 
83 I (loop while new-value do 
s;r・: (setq new-value (read input-strcma ni.1)) 

(setq output (cons new-value output))) 
．：’□晨J (reverse (cdr output)))))) 

88 
．．．．． 

；；汎'akcs LISS'of s-cxps and writes them into a file as Sl・'1lIES、wi.thoutp,l(Cl¥S 
89 ... ;;;If uon-uil numbers?, prints ;;;No.X before each clement. 

, go・(dc(un write-loop (list file•optional numllc.cs?) ................ 
91・(with-open-file 

···••:••$:CJ (output-stream 
93 I file 
94 i ,c!ircction ,output 

95 
.... , 

．．．．．．．．．．．．．．．．．． I , if-exists , new-version 
96 , H-does-not-cxist , create) ..................... 

．．．．．．．．．．．．． 97 ! 
● ● ● ● ... , 

(let ((count l)) 
98 I (loop for x in list do .................. 
99 I (if nwi,bers? 

I 00 l ...... (progn 
IOI! (format output-stream ,,-2';;;No. ―S―・t" counし）

．．．．．．．．．．．．．．． idi"I (sctq count (l+ count)))) 
I 03 ! ............ , (print x output-stream))))) 
I 04 ! ............ .. 
I 05 1 ' ; ; ; Special aux fn for co-oc 

"•"To·5"·1 (defun get-glol,al-value-from-file I file attribute) ........... .. 
I 07 i (let'((all-values (read-loop file)) 
I 08 ! (fetched (assoc attribute all-values , test I'equal))) ..... , 
I 09 ! (second fetchecl))) 
110 i 

・・・・・・・・・・"・ 
111 ! 
Tii'1 

; ; ; ；；； ; ; ;，・;;;;;;;;;;;;、,; ; ；； ; ; ； ; ; ； ; ; ; ; ；；；；； ; ; ；；； ;、,； ; ； ; , ·;;;;、．，•、, ; ; ; ; ； ; ；；；；、,、、、、,,, ヽ,,;、、，

, ・ ・ ・I. B. DEFINING NECESSARY STRUCTURES ........... , 
I I 3 ! ,．．、,.......... .. ; ; ； ; ,•、·;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;、, ; ； ,, ； ; ; ； ;;;.-;;;;;;;、,; ; ； ; ; ； ;、,；、,；；； 

114 ! 
i'・1・s・, ・ ・ ・--a=================-============-================-=--=-==============------==---=== 

...... IT.Gi 
,ヽ,

,、，、 I.B. 1. DEFINING'10RPIIREC DATASTRUCTURE 
I I i"i・ ・ ・===============================-=======-=====--=---===========-=-=-----=====二=======,, , 

118 ! ．．．．．．．．．．．．．．． 

I 19 ; (clefvar•morphrec-elements• 
... Tio・・¥'I I lex O) 
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LINE# 

........ .L? .. !....I (pas 1) 
122 ! ..... fH'! (seg,nen ts 2) 

(hit-count 3 J 

124' (morph-se叩nents-count4) 
.......... 1盆...i (occur-in-se叩nent-probabili切 5)

126 I ........ !'27 .. 1 (occur-in-se叩nent-information G J 

..................... , (occur-in-segment-probability-smoothed 7) 

128' (morph-unigram-probability 8) 
........ .L~ .. Q .. J (morph-unigram-information 9) 
130 ; ．． (morph-unigram-probabili ty-smoo tiled l OJ 
131 i (thesaurus-entries 11 J J J ; <≪ .......................、

....... J該..i 
, .... .. I 3 3 ; (defun make-morphrec (lex pas J 
........ .LH../ (let ((morphrec 

135 ; (loop for element in•morphrec-elements• collect nil) J) 
(setq morphrec (put-morphrec-element morphrec• lex lex) J 
(setq morplirec (put-morphrec-element morphrec• pos pos) J 
morphrec) J 

(de fun get-morphrec-elemen t-position (element-name J 
(second 

i±ti 
(assoc element-name•morphrec-elements• J J J 

144 ! (defun get-morphrec-element (morphrec element-name) 
.... ....145 .; (let ((position (get-morphrec-elernent-position element-name J)) 
........ .1..4.§... j (nth position morphrec J J J 
147; .............. 
148 ! (defun put-morphrec-element (rnorphrec element-name value) ....................... 
149 ! ............. , (let ((morphrec-copy (copy-list morphrecJ) 

．．．．．．．．十評・I (position (get-morphrec-elernent-position element-name) J J 
............. ・ (setf (nth position morphrec-copy) value) 
152' ....................... , ・morphrec-copy)) 
153 I ニコ豆...i (defun add-morphrec-element (morphrec element-name value) 

..... ! 翌図j (let ((roorphrec-copy (copy-list morphrec)) 
156・ 

・・・・・・・・・・・・・・・・・・・・・l 
(old-value (get-morphrec-element rnorphrec element;name J J 

157, 
．．．：二］賤i (new-value nil J 

(position (get-rnorphrec-elernent-position element-name) J J 
........ ..1. .. 践..i (if (not (listp old-value)) 

160• ....................... , (error "old value not a list") 

... .. 161 ! ............ , (progn (setq new-value ! adjoin value old-value , test I'equal)) 
162 ! (setf (nth position morphrec-copy) new-value J J) 

roorphrec-copy)) 

... ==========================================• ............. c.c. .... , , , , 

.... .. 166' .......... 1 ; ； ; I. B. 2. DEFINING CATREC DATAS1'RUCTURE 
167 ; ・ ・ ・==================================================================================== ....... .. ‘’‘ 168 ! 

・・r弱!
....... "¥"16'.. , (defvar•catrec-elements• 

......... r1・r .. ・1 
'((code O) 

...................... , , (segu,ents 1) 

... 172, .............. , (hit-count 2) 
···•···1だ!.... i (cat-se<J1nents-count 3) 
174 I (occt1.r-in-segrnent-probability 4) 

..... JX度i (occt江 -in-se<J1nent-information 5) 

......................、176 ; (occur-in-segrnent-probabili ty-smoothecl 6) 
177 I ................. .. (ca t-unigram-probabili ty 7) 
178 I 

・・r19・1 
(ca t-unigram-informa tion n) 
(cat-unigram-probability-smoothed 9))) ..................... 

180 I .................... , 
181 I (defun make-catrec (code) 

(let ((catrec 
(loop for element in•ca tree-elements• collect nil))) 

(setq ca tree (put-ca trec-elernen t ca tree'code code)) 
catrec)) 

I 

Elli ,,,,,J, 競，.'
187 I 

""  
;11≪first position is zero, not l! ! 

,,,,...! 筵 "I111 Similar to morphrec, sec above, 
I 39" (de fun get-catrec-elemen t-position (element-name) 

＂：二：I源：I (second 
........ L2 .. L.I (assoc element-name 

"""'" 
192 . •ca trec-elemen ts•))) 

二：｝翡：] (de fun get-ca trec-elemen t (ca tree elomen t-namc) 

'""" 
195 I 
"""""""'' 

(let ((position (get-catrec-elen,ent-position element-name))) 
196 I 

""""'"""'"'、
(uth position catrec))) 

197 I ""'""""''""'' 
198 I (de fun put-ca trec-elemen t (en tree elcmen t-name value) 

""""""""""'' 

""' 
199'; 111Using copy-list, not tho more general copy-tree 
2面・・; (let ((ca tree-copy (copy-list e<1trec)) 

"' 
201 I 
'"'""'""" 

(position (get-ca trec-elemcnt-posi tion elemcn t-name))) 
202 i (setf (nth position catree-eopy) val11c) 

"""""' 203 ; 
'"'"""""' 

ca tree-copy)) 

204 ! 
""'""⑳'『I(de fun add-ca tree-elemcn t (ea t.r.cc clementー）111me value) 
'''266! 
・201 

11;Using copy-list, not the morn qcncral copy-tree 

"" "'"""" 
(let ((catrcc-eopy (copy-list e11t.r.ee)) 

208い (old-value (get-c,1trccべ clcmc11teilttoc olemc11t-11amc)) 
""'"""'""' 
,209 (ncw-va luc nil) 

"""''" 
......... 2f'6"'(posi.tion (gct-ciltr.cc-clc,mc11t-po.sltio11 clemcnt-nilmc))) 

""'"'廷！二 (if (not (listp olcl-va luc)) 
212 :z-rr 

(error "Old v,1luc not a list,") 
(progn (setq now-value (,1cljoin value old-value , lost #'equal)) 

2f4' 
; "Ti,"' 

(sctf (nth po,iltion cal,rec-copy) new-value))) 

"""'" 
ca tree-copy)) 

....... 2..i6 
2 J 7'; I I ===================================a====================a====================•====== 

... 互i亙；I I I. D.). DEFINING NODl(-S'l'lllJC•1·u1m 
2 19・ ・ ・==================================================================================== 

""""""""" "、

••• :::::: 辮"(defvar , noclc-struc ture-elcmcn tcs, 
....... I~ 互 '((objeet0) 

累 ば累竺f1) 

..... 諄ふ...I (morphrecs)))) 
............ 曹......曹l
""""泣Z..I(de fun make-nocle-strue ture (o!Jjeet) 
，""公，2.§...i (let ((node-structure 

229; (loop for element in•node-structure-elements• collect nil))) 
"""""""•""• 

230 ; (setq node-structure (put-node-structure-element node-structure'object object)) 
● """""曹.......

231 ! node-structure)) ........... 曹..曹＂＇曹.., 

232 ; 
233 j (defun get-node-strueture-elemcnt-position (element-name) 

... " 曹"曹曹曹......234 ; (seeond 
"" . 曹...曹曹"""

235 1 

j{i)j 
(assoe element-name 

•node-structure-elements•))) 
237 I """"● """"曹....., 
238; (defun get-node-structure-element (node-structure element-name) 
2葬...j (let ((position (get-nocle-strueturc-element-position element-name))) ............ "" 

240 I (nth position uocle-structure))) 
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... ..21.l.」
且.?... .'; ;;Non-destructive, returns a copy of the input node-structure with 
......... ?AI..l ;; ; the specified modification. 
--§ 蒻..J (clefun put-node-structure-element (node-structure element-name value) 

....................... , (let ((node-structure-copy (copy-list node-structure)) 
246 i (position (get-node-structure-element-position element-name))) 

....... ..?.4.Z... (setf (nth position node-structure-copy) value) 

......... ? .. 1.§... 1 node-structure-copy)) 
249 ........... .. 

....... ..?.~.Q.J I clefun add-node-structure-element (node-sば uctureelement-name value) 

......... ?.~..! .. ..! (let ((nocle-sば ucture-copy (copy-list node-structure)) .. i蒻... (old-value (get-node-structure-element node-stn1cture element-name)) ....................... ! (new-value nil) 
254 I ....... " .. " .. " .... , (position (get-node-structure-element-position element-name))) 

(if (not (listp old-value)) 
(error "old value not a list") 
(progn (setq new-value (adjoin value old-value ,test I'equal)) 

．．．．．．．ぷ戸..., (setf (nth position node-structure-copy) new-value))) 
259 I node頑ばucture-copy))
260, 

:: ：：:：・ロ亙LI/1// 、·11111111111 、• 111111111111 I I I 11111 I I JI 11 J; 11 II I; JI I 11 II 1111 I 11 II I 1111 I I I I I II 11 I 111 I, 
＂＂＇”？舷.. 1 I I I . OS'IIER 
....... ? 坦...! I I I I II;~I II I I I I; I I I I I I I I I I I I I I I I I I I I II;; I I I I; I I;; I; I I; I I I; I I II; I I I I I I I II I I I I I I I I I I I I I I I 

::i履j(clefun get-morphrecs-for-pos (pos morphrecs-indexed) 
266; ........ "●●ユ心..., 

(third (assoc pos morphrecs-inclexed , test I'equal))) 

.......... : ... ! ; I I**'**''*''*****************''**********'*********************'*********"**''''"'** 
269; 111 ..................... 

....... .. f.7..Q.::I I I I II, rUNCTIONS SPECIFICALLY FOR KEE 
271 ! 11 I ....................... , nz i 111*'*****長● ..  "'"******* ** ***" **'***'*'***'*'**'*'**'"******* ***'*" *'****'*''''*'. 

SI 
I I I I I I I I I I I I I I I I; I I I I I I I I I I I 11 I I; I I I I I I 11 I II I I I I I I I I I I I I I I I I I I I; I I I I I I I I I I I I I I I I I I I;;、、

......... ,,., ........ . ;、・1 -II. A. HACKS 
l§」II I I I ヽ・ 、.Ii 、・ 1 1 、./ li II I I 、• 、.1/ /1 、・ , 1 /1 、'/I l l 、・ 、... 、'/ 1 / / 1 / l l / l l ヽ• I I ,' ,' 1 1 I I I I I I I 11 1 I I I I I I I I I I I I I I I I I I I 

(de fun rl (J (load ,,-/ survey/j ap/topw/keefns. lisp") J 

(defun nm-demo () 
(clo-itJ 
(do-it2 I J 

(clefun do-it () 
(make-kee-uni ts-for-morphrecs-wi th-files "-;suェvey/jap/data/" "la.8b"JJ 

(defun do-it2 () 
(rnake-kee-uni ts-for-catrecs-wi th-files ,.-/survey/j ap/data/" "la. 4b" J) 

... , (clcfun no-morphs (J 
........ cぷ..., .... I (delete.unit'morphs nil t) J 

292 
ニ浴租：：：I (clefun no-cats () 
......... 廷.2,4... 1 (delete.unit•cats nil tJJ 

295・ ..................... 
296 I 

I 
, .............. , ... , ;;1;;;1;1;;、,; ； ; ;、,; ； ;．．．．． 
297 i 

, , , , , /I I /II;; I /I;;;;;;;;;;;;; I I;;;; I;;;;;;;;;;;;;;;;;;;;;;; I;;;;,、，
........ 図蒻'!; ； 1 II, B. CR8A'l'ING KEE UNITS 
................... ,;、•I; I;;;;;;;;; I; I I;; I I I I; I I;;; I/; I;;/;;;;/;;; I;;; I;;;;/,';;////; I;/;/;;;;; I;/;、,；； , , ； ; ； , .,.、9

..... ぇ.QQ•
300 , ..................... , ヽ ヽヽ.. ·=================·==•=============================================================== 

............. 301 i ........ ,•、·; II. B. l. KEE UNIS'S CORRESPONDING TO MORPIIRECS ••• 三腐...; ; ; =====================================================年======•==•= ===•===••===a a===a 

....... J .. ().4::・I (defun make-kee-units-forーmorphrecs-with-files (directory corpus-prefix &key (pas-of-interest• (common一nounverb))) 

....... 1Q.s.J (J.et• ((morphrecs-indexecl-romaji-file (format nil ,.-A-A.morphrecs, indexecl.romaji" clJ.rect.oi:y corp,w-pre(ix) J ・1器.. 1 (morphrecs-indexecl-romaji (read-frmu-file morphrecs-indexecl-romnji-file)) J 

:: 耳:Q}{:. ; 1 Make MOllPllS class. 
.. }92、： (create.unit'morphs'co-oc.kb nil nil) 

・HY ; ； Make mcmbcc slots for MOHl'llS class. 
........ }..!..2.... (loop (or element in•rnorphrec-elements• do 
313 

..... 3'f4・, 
(let ((slot-nome (first element)) J 

. (crentc.s.lot•11,orphs .slot-name'member))) 

; ； M,,ke all po.sa cl.ilsS units and members (instances) for pos of interest. 
(loop (or po., l11 pos-of-i11terest do 

(cre,,tc.unit pos'co-oc.kb'11,orphsJ 

(lat ((morphrecs 
(gct-rnorphr.ccs-[or.-pos pos morphrccs-inclexcd-r.omajiJ)) 

(loop 区）r morphrec in morphrecs clo 
(loい ((lcx-ron,uji (gct-morphrcc-elcmcnt morphcec'lex J)) 

.. , ・""":・I (cr.o,1tc.uni.l: lo~-romnji•co-oc.kh nil. pos) 
326 (loop for clement in•morphrec-clmucuts• clo 

(lo\s• ((elemllnt-n,,mo (fir.st clemcnし））
(v,1lucs (llst (9ol:-morphroc-ol.cmcnl: 111oq,hrcc oli>n><.•nlこ― name)) I) 

(put.v.ilucs lcx-romaji ol.omonl:-nnmo vnluc"I 111) J 11 J 

', . ============================••====•=口•=●=ョ...............ロ,...... 磁口●●""""四""・・'"""'""
; 11 II.ll.2. Kf·:t•; UN['l'S COlllltaSPONllING 収,oC/'.'l'l<ECS 
, " ..'"ニ===•= == == ====•====== コ3 ヨ卓哉..

(de, Cun mnkc-kcc-un l ts-!'or-en l:rccs-wi th-files (dircc tory corpus-pre!'. J x I 
t• ((ciltrecs-inclcxcd-filc (format nl.l. ,,-ぷ0A.en trees, inclcxcd" 

(ca trees-inclexed (read-from-file c,1 t.rccs-incloxc<1-f ilo J J J 

, ； Make CA'l'S class. 
(create.unit'cat,,'co-oc.kb nil nil) 

11Makc member slots Cor C/'.S'S class. 
(loop for. clc"'cnt in <ca tree-clements• do 

(lot ((slot-nilme (first element I J J 
(create.slot'cats slot-name•mcmber))I 

. ; ;Recursive dose沿 11t ヒhruca ti・ccs-inclexecl 
.............. -.... ! ; ;Make cat t1nits as we go. 
349 ; ................... (make-cat-uni ts-for-all-dauqhter-nodcs ca trees-indexed•cats 
350 ; 

Ill 

, ....'fsl"I 
..... Js万.., 、・;;Cl/RRENS'-NOU>O at top-level call is CATRECS-INDEXED, 
......... ヽ●●● .......、, ；、,; l',¥REN"r-UNI'I'ii t top leve.l call is C/'.TS, 

353 ! (clef .un make-cat-units-for-all-d,,ughter-nodes (curren t-nocle parent-uni ti 
354 ! .... Jss: (let ((daughter-nodes 

.................... (get-nocle-structurc-elemcnt 
3 56 I ............... , cuェrent-node'claughters1J J 
357 

.... .. .J~I:1 ;;If this is a terminal cat, without daughters, do nothing. 

.... ●●, ｝認...I (if (lll>ll dau<Jhter-nodes) 
nil 
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TIME 2:15:39 am 
．，忍恐炭疇．ダ蒜器窓:K•.··':責等轡禁唸・.・,.;• .:,-.,,.: 

、;Else there are daughters. 
(loop for daughter-node in daughter-nodes do 

; ； Make a daughter unit in KEE representing the daughter node. 
(let• ((code-string (string-upcase (get-en tree-element daughter-node'code))) 

(daughter-unit-name (intern (format nil "-A.CAT" code-string))) 
(daughter-unit 
(create. unit daughter-unit-name 'eo-oc. kb parentーし1nitnil)Jl 

; ; Transfer slot values from DAUGHTER-NODE to DAUGHTER-UNIT 
(loop for element in•catrec-elements• do 

(let• ((element-name (first element)) 
(catrec (get-node-structure-element daughter-node'ca tree)) 
(values (list (get-catrec-element ca tree element-name)) l l 

(put.values daughter-unit element-name values))) 

; ； Then recurse. 
(make-cat-units-for-all-daughter-nodes daughter-node daughter-unit)))))) 
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