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Abstract

Expert systems form one of the most important research areas in Artificial
Intelligence. The main parts in expert systems are knowledge bases and inference
engines. In the knowledge bases the main knowledge is knowledge in the form of
“IF-THEN” statements. In knowledge graphs, a new form of knowledge
representation, the “IF-THEN” statements are tied up with causal operators (CAU-
relations). In this paper, we picked out some Chinese operators with “CAU”
meaning, and investigated these operators. We also show by an example how to

extract causal relations from a given Chinese writing text.
Key Words: expert system, knowledge graph, knowledge base, CAU-word

AMS Subject Classifications: 05C99, 68F99

1 Introduction

Expert systems are sophisticated computer programs that manipulate knowledge to solve problems
effectively and effectively in a narrow problem area. Like real experts, these systems use symbolic
logic and heuristics -- rules of thumb -- to find solutions. And like real experts, they make
mistakes but they have the capacity to learn from their errors. However, these artificial expertise

has some advantages over human expertise: It is permanent, consistent, easy to transfer and
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document, and cheaper. In sum, by linking the power of computers to the richness of human
experience, expert systems enhance the value of expert knowledge by making it readily and
widely accessible.

The main parts in expert systems are knowledge bases and inference engines. The knowledge used
to solve the problems in a narrow problem area is stored in knowledge bases. The knowledge in
knowledge bases is mainly in the form of “IF-THEN” statements. In order to solve different
narrow area problems, there are different knowledge representation methods in different
knowledge bases. The knowledge in knowledge bases determined the function, efficiency and
effectiveness of the expert systems. An inference engine uses the knowledge in knowledge bases
to solve the problems.

In a document, one distinguishes operators and arguments in a sentence. An argument is a self-
contained word or group of words, whereas an operator is a word or group of words that is
dependent on one or more other arguments. The arguments are viewed as concepts, and the

operator one finds is mapped as relation.

In this paper, we picked out some Chinese words (operators) with seemingly causal meanings (i.e.
CAU-operators), and classified these operators into groups according to the different argument
types connected by these causal operators. The main goal is to use such indicators of CAU
relationships in an automatic extraction system. This is in line with the thesis of de Vries, who
studied such indicators for English. However, before we can start automatic extraction, we should
investigate which particular problems are encountered in Chinese.

2 CAU-word representation in terms of knowledge graphs

In knowledge graphs theory, the “causal” statements are represented by CAU-operators and
corresponding arguments. That is to say, the statement of “A is the causation of B” is represented
by the following graph, where CAU is a causal operator, and A and B are corresponding

arguments.

A CAUI B

Figure 1: A CAU-relationship.

Here, “A CAU B” means: An occurrence of or a change in A can cause an occurrence of or a

change in B.
Any linguistic phrase that may thus be rephrased is an indicator of a CAU relationship.

The “IF-THEN”-statement is not equivalent to the CAU statement. As was discussed by Hoede
and Zhang [Hoede & Zhang, 2001] the knowledge graph representation of “IF-THEN” is in terms

of frames (see Figure 2) and expresses the logical equivalence ( p—> q) “ (—|( P A —|q)).

In Figure 2 we use the NEG-frame to express the negation connective — and the AND-frame to
express the connective A, that together form a functionally complete set of connectives for



propositional logic.

NEG

AND

NEG

Figure 2: Knowledge graph representation of the “IF-THEN” statement
Let a certain change AA in A cause a certain change AB in B . We may now state “IF AA
occurs THEN AB occurs”. So, “AA occurs” plays the role of p and “AB occurs” plays the

role of ¢ in the representation given above. In this way the “IF-THEN”-relationship ties up with
the CAU relationship. In Chinese, there are many words that can be seen as operators with
“causal” meaning, but especially argument types connected by these causal operators are different.

Example 1 “4Z 8 11-%1], 3415 3L # . ~ is a Chinese sentence. In “pinyin”, spelling, the sentence
reads, “andzhao4 ji4hua4 wo3men2 xie3 wen2zhangl”. The numbers refer to the four kinds of
intonation. The literal meaning is “According to plan we write paper”. The partial representation

by a sentence graph is shown in Figure 3.
G‘CAU?’

ALI ALI

plan write
Figure 3: A partial sentence graph

We see that the central words in the sentence are “plan” and “write”. That is to say, the “plan” is
related to “writing”. Here, “#% M, an4zhao4”, according to, is the operator to express this

relationship and connects two arguments: “plan” and “write”.

We have indicated this in Figure 3 by an arc with label CAU, as the relationship is certainly not
that of a subject “v1-%ll, jilhua4”, plan, to a verb “’5, xie3”, write. In fact “according to” may be
replaced by “conform to” or just by “alike”. Some aspect of the writing shows similarity with the
plan, let this be the “chosen way” of writing, something not mentioned in the sentence, then the
alikeness of “i1%l], jilhua4”, plan, and “chosen way”, to which “#% [, an4zhao4”, according to,
refers, becomes clear, bur also the causal nature of the relationship between “i1-%l, jilhua4”, plan,
to a verb “%, xie3”, write. The plan influences the choice of the way of writing of the paper.
Another plan would lead to another way of writing. So “4% [, an4zhao4”, according to, can be
seen as a causal operator, be it that this only becomes clear on expansion of the concepts.
Representation by a simple causal arc can be done but then its type should be “CAU”, indicating
that the causality only becomes clear when a much more elaborate sentence graph would be given.

This phenomenon occurs quite often in natural language.

Example 2 “ 25554 G . heilan4 an4han2zhel weilxian3” is another Chinese sentence.

-3-



The meaning is “darkness imply danger”. The representation by a sentence graph is as in the

Figure 4.
64CAU77

ALI ALI

darkness danger
Figure 4: A sentence graph
We see that the “22H%, heiland”, darkness, is said to be the cause of “f&[%;, weilxian3”, danger.

“5& %, an4huan2zhe3”, imply, is the operator expressing “causation”, and connecting two

arguments, i.e. “*2If%, heilan4”, darkness, and “f&[%;, weilxian3”, danger. As in Example 1, the
“causation” only becomes clear on expansion. Dark places may be dangerous, but the implication
is by no means strict. The main point, however, is that “I% &% %, an4huan2zhe3”, imply, is a causal
operator, which might have been taken up into these graph as a verb, like the verb “5, xie3”,
write, in Figure 3.

From these two examples we can see that different operators with CAU meanings (Chinese
“causal” words) connect different types of arguments. In Chinese sentences often other pairs of
types than noun and verb are connected by CAU-words.

3 The collected operators

Like in English certain Chinese words are clearly CAU-words. Examples of easily recognized
indicators of a CAU-link in English are “causes” or “leads to”, see de Vries [de Vries, 1989]. Also
the word “by” in “hereby” is such a clear indicator, although the arguments are posing the problem
to determine where “here” refers. However, we saw in the examples that indicators may less
obviously show their causal content. Only a more detailed analysis of the meaning of the word, its
word graph, may bring this content forward.

The problem that we are facing here again is that of the undetermined boundary of a relationship.
If A and B are related in some way, this is expressed in knowledge graph theory by a knowledge
graph containing A and B. The structure of the graph describes the way A and B are related. A
CAU-link may be part of the graph like in the analysis of “§%/f{, an4zhao4”, according to, in
Example 1. For that reason we may call the relationship between “i1-%l, jilhua4”, plan, and “5,
xie3”, write, a causal relationship. However, the graph that describes the precise way of
influencing the writing by the plan is much more complicated than just a CAU-link between two
tokens with label “plan” and “write”.

As a matter of fact, in the knowledge graph formalism transitive verbs are represented by a labeled
token related to two other tokens by CAU-links. One of these is the agent of the verb and the other
is the patient of the verb. In the syntactic graph of a verb SKO-links are used, one token is the
subject and the other is the object. An agent is seen as “causing” the verb act to take place and the
verb act is seen as “causing” the patient the experience that is due to the act. In both cases the
causal relationship is of complex nature too. In “we write paper” both the precise content of the

relationship between “we” and “write” and that of the relationship of “write” and “paper” would
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ask for a much larger graph.

In principle each word should have a word graph that characteristically differs from the word
graph of another word. This also holds for words used as CAU-operators. We therefore have in
principle the duty to study each of these operators and to give a characteristic word graph for them.
In this analysis it may turn out that the same graph is used for two different words, but that the
difference consists of the focus laid on one of its tokens. This way CAU%D and D—
CAU% should be described by different words, when the crosses indicate the focus. We shall
see how this is encountered in Chinese.

The extraction of CAU relationship from a text leads to a set of arcs of type CAU that may be
used to construct a directed graph. This directed graph can then be used either as an expert system
or as a decision support system. These points of the graph will in many cases be labeled by nouns.
As we mentioned in the introduction, usually expect systems are formulated in terms of IF-THEN
rules. We choose to focus on the graph with causal links and therefore represent operators between

arguments that are statements also by causal links, which asks for some remarks.

The sentence “IF p THEN q” could be represented by p —CAU-> q. In accordance with our
interpretation of the CAU-link we have chosen “IF p THEN q” to mean “The occurrence (truth) of
p cause the occurrence (truth) of q”. We have restricted the truth table to the case in which both
statements p and q are true. In pure logic the statements p and q need not have a relationship at all.
In case we want to build an expert system it is, of course, important to determine where the causal
relationship between p and q lies in detail. In “IF p THEN q”, p can e.g. play the role of a
condition for the occurrence of q. When q is the description of a process, a chemical reaction, and
p is the description of a numerical condition, say on the temperature, we can represent the essence
of the statement by a causal arc between temperature, a noun, and the verb describing the reaction,
e.g. “combine” if q is the statement “molecules A and B combine to molecule C”. This example
shows that the operator may connect a noun and a verb. That verbs can be represented by nouns,
“combine” replaced by “combining” or “combination”, suggest that, in principle, all CAU-links
can be seen as connecting nouns. We will come back to this point after analyzing the chosen
Chinese CAU-words, with respect to the chosen example sentences. We will now discuss the

chosen CAU-operators and we will give a literal translation next to a more usual translation.
Group 1
Noun relates to verb
1. #%M, an4zhao4 = puch copy = according to
Example

TR, AT CHE . Andzhao4 jidhua4, wo3men2 xie3 wen2zhangl = According to the plan,
we write the paper.

e

Analysis: Something, part of “’5, xie3”, write, is influences by “i'Xl], ji4huad”, plan. As “5,
xie3”, write, is a complex frame this something is chosen in a FPAR-relationship to “%5, xie3”,

write. The plan acts as a condition on the writing of the paper.



CAU FPAR
|

ALI ALI

plan write
The something should show similarity with the plan, be “in accordance with” the plan, which is

nicely expressed by “copy”. This leads to using the ALI-link. So we can express both the causality
and the similarity accept by
CAU

FPAR FPAR
O ALI O ’
and take this as the word graph for “§% [, andzhao4”, according to.
2. ¥, yiljud = depend reason = in the light of
Example:

A S BrAB L FRAT il € TR o Yiljud shi2ji4 ging2kuang4 wo3men2 zhi4ding4 ji4hua4 = In the
light of actual conditions we make the plan.

Analysis: This is an operator that is clearly similar to “$% %, andzhao4”, according to. A synonym
is “f ¥, yilzhao4” = depend copy. We would choose the same word graph for “{& [, yilzhao4”
as for “4% M, an4zhao4”, i.e. we consider them to be synonym, although the very choice of a

different word suggests that there are different connotations.
3. HR#E, genljud = root reason = due to
Example:

AR R AT, A TABE 7 Genlju4 tianlqi4 yudbao4, wo3men2 budneng2 chulyou2 = Due
to the weather forecast, we cannot go out.

Analysis: The process of going out is conditioned by the weather forecast. If the forecasted
weather is good then we go, if bad then we cannot go. So good and bad is function as a two-valued
variable. A simple CAU-link may therefore be chosen for this operator: [I—CAU->[], but
notice the discussion of case 8.

4. 4E, ping2 = use, depend on = by use of
Example:
fbSEZe 06 /p 55 . Tal ping2 jinglyand ban4 shi4 = He by use of his experience does this thing.

Analysis: Here the experience supports the doing, the using aspect stands central. Again a simple
CAU-link may suffice for representing this CAU-word in a word graph lexicon.

5. #%E, yilkao4 = depend, depend = depend on

Example:



FAKEE T %40 . Wo3men2 yilkao4 gonglzil shenglhuo2 = We depending on our wages
live.

Analysis: A similar situation as in 4. Wages support the living. Again we may suffice with a simple
CAU-link, but dependence may of course have various, often complicated, forms.

For these examples, of operators connecting a noun with a verb, we may restrict ourselves to two
different word graphs. Yet it will be clear that some undertones of the words are not captured. For

the development of expert systems, this need not have serious consequences.
Group 2
Noun relates to noun
6. W54, andhan2zhel = darkness include = imply
Example:
TGS A f6 % . Heiland andhan2zhel weilxian3 = Darkness implies danger.

Analysis: There seems to be no direct causal relationship between “ 2H%, helan4”, darkness. and
“f& &, weilxian3”, danger. Here we may try to give an extensive expansion of both concepts in
order to locate any causal link between parts of the expanded graphs. For the development of
expert systems it seems better to delete “li 7% %, andhan2zhel” from the list of CAU-operators.

Note, by the way, the use of “Hif, an4 = darkness” also in the operator. “Darkness include” is a way

of description that does not suggest that the speaker know precisely where the causality is located!
7. 554, dao3zhi4 = lead to, to form = cause

Example:

ME59 S 305 . Xulruo4 dao3zhi4 jilbing4 = Weakness causes illness.

Analysis: Seemingly a simple CAU-link, but again there is no direct causal relationship between
weakness and illness. What is meant is that a weak body cannot fight the real potential cause of
the illness. So, directly speaking, the example sentence is not correct. However, that is not the
point. If the operator “5#{, dao3zhi4” is used the description of a CAU-link is intended. Note the
use of “Z{, zhi4 = to form”, which describes a pure ORD-link.

8. >KJiT, lai2yuan2yu3 = come root from = root in
Example:
FIERYE T 528 . Zhilshi lai2yuan2yu3 shi2jian4 = Knowledge root in practice.

Analysis: Here the word “root” expresses a similarity with a growing tree or plant, and is used to
express the relationship between “knowledge” and “practice”. Like the earth is necessary for the
growing of the tree, practice is necessary to obtain knowledge. As a condition we describe it by a
simple CAU-link. However, it is illustrative to investigate this metaphorical use of language
somewhat further.

For “tree roots in earth” we may construct the following knowledge graph



ALl

|;| 4———tree
SUB
CAU ALI
earth 4>|;| %Niroot
PAR PAR
SUB
[ |e——
A
ALl ALI
location location

This would only describe the geometrical situation of a part of the tree, its root, with respect to the
earth. When saying “knowledge roots in practice” we have just replaced words. This metaphorical
use of language corresponds to describing a similar structure around the word “root”, that is the
word focused upon. However, the intention of the statement is to convey that “practice” leads to
“knowledge”. To justify the use of the word “root” some causal relationship should be
distinguished next to the geometrical aspect. The growth of a tree depends on, is caused by, the
nutrients in the earth, next to light, water, etc. The roots of the tree play a, complicated,

intermediate role in this process.
The concept “earth” contains the concept “nutrients” as part of its frame:
nutrients =—ALI-> [J—FPAR-> ] < ALI— earth

and it is this concept “nutrients” that has a causal relationship with “tree”, the change in the tree
being its growth. By analogy “practice” should contain something that causes the growth of
“knowledge”. As we see thinking as linking somethings and knowledge as the resulting mind
graph, in knowledge graph theory, we can now pinpoint the aspect of “practice”, that is analogous
to “nutrients”. Practice is accompanied by a mental process, thinking, and it is this thinking that
causes the growth of knowledge, i.e. the growth of the mind graph. The “nutrients” involved in

this process and the building blocks of the graph, i.e. its points and arcs.

The metaphor, like all metaphor, is quite complicated indeed. We have elaborated this example,
because it gives a reflection on the way heart of knowledge graph theory. However, it also shows
how complicated the word graph for the CAU-operator “JKi5 1, lai2yuan2yu3”, root in, may be

chosen namely as:

CAU
A"
FPAR SUB
A4
] ?&yuaﬁ
A
PAR PAR




Note that “J&, yuan2” is the word for “root” and “>---F, lai2--*yu3” means “come from”.
“Coming” describes a change in location that is basically described by an ORD-link. This ordering
is implicit in the CAU-link. In natural language “come from” is sometimes used instead of “is
caused by”. Our analysis led to the conclusion that the causal process is not directly from “J,
yuan2”, root, toward “Z1i}, zhilshil”, konwledge, but from something that belongs to the frame
of “S &, shi2jiand”, practice.

We choose a simple CAU-link, but in principle all different CAU-operators should have different
word graphs, that may show considerable complexity, similar to what we find here.

9. MK, niang3cheng2 = make wine success = bring on.
Example:

EHRE KK ME . Dadyid niangdcheng? zhongddad zailnan4 = Carelessness brings on great
calamity.

Analysis: Like in the case of “3%{, dao3zhi4”, cause, in case 7, the example sentence is, strictly
speaking, not correct. However, “make wine success” = “bring on” is a clear indicator of a causal
relationship. “fi¥, niang3” is a word like “brew” in English. The picturesque use of “FRf¥,
niang4cheng2” for a causal operator is quite typical for Chinese.

10. #Z AT, qi3yinlyu3 = up reason from = arises from.
Example:

gr3f i [N T2/, Zhengldou4 gidyinlyu3 yidxiel xiao3shi4 = The fight arises from a mere
trifle.

Analysis: Here “/Nfi, xiao3shi4”, trifle, is the source of the “4+3}-, zhengldou4”, fight. Again we
encounter metaphorical use of language. “[X], yinl” = reason explicitly refers to the fact that
mental processes of people are involved.

11. B#T, qu3jue2yu3 = take decision from = decided by.
Example:
I T{5 & . Cheng2gongl qu3jue2yu3 xindniand = The success is decided by the belief.

Analysis: The CAU-operator describes a condition. In English the word “by” stands central, in
Chinese the decision-making aspect is stressed.

12. JIrEL, suo3zhi4 = place to form =result of.
Example:
W 2 BT 2. Shidgud you2 shulhu suo3zhi4 = The accident was the result of negligence.

Analysis: Here we meet a case where the focus is clearly indicated. It is the result and not the
cause that is focused up. Consequently we may choose a word graph in which the second token of
the CAU-link is indicated with a focus sign, say a cross, e.g. a simple CAU-link: D—CAU%@.

13. #3%k, zhaolzhi4 = ask to form = incurs.



Example:

fB it R FAECE KiK. Tal de guodshi zhaolzhi4 zhongdda4 sun3shil = His fault incurs a
heavy loss.

Analysis: There is no reason to represent this operator by more than a simple CAU-link, but in

English we also say “a fault makes for a loss” and the explicit graph for “ask” is quite complex.
14. £, zaidyu2 = at from = lies in.
Example:

TR RERARA SR RIE TN J& . Shidwud falzhan3 de genlben3 yuan2yinl zaidyu2 qi2
neidbud mao2dund = The fundamental cause of the development of a thing lies in its internal

contradictions.

Analysis: The problem here is that in fact “cause lies in” is the operator. It is explicitly indicated
what the cause is, in Chinese “{F, zai4” = at is used, so we may choose:

U A e

CAU

[

15. 774, chan3shengl = product born = produces.
Example:
JEEE P~ 4, Mo2chal chan3shengl re4 = Friction produces heat.

Analysis: This operator expresses the process of production of heat by friction, so the basic CAU-

link is described. The Chinese sentence graph would be:

mo2chal —ALI2>[—CAU> [ <ALI— re4
We will now discuss several ways this graph may be brought under words.
16. 774F, chan3sheng2yu2 = produce born from = comes from.
Example:
74k T EHE . Red chan3shenglyu3 mo2chal = Heat comes from friction.

Analysis: The only different with case 15 is that the cause is focused upon. So, whereas it is a
simple CAU-link, we should be aware of the fact that we may give @—CAU%D as the word
graph of this CAU-operator.

17. JR[AJ&, yuan2yinlshi4 = basic reason is = reason of *** is.
Example:

A JE RS EEH . Re4 de yuan2yinlshi4 mo2chal= The reason of heating is friction.
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Analysis: The sentence graph is of course the same, but the explicit mentioning of the reason lays
a focus on the first token of the CAU-link. In Chinese this is stressed by the word “Jii, yuan2” =
basic. An alternative operator is “¥ 1%, li3you2shi4” = principle reason is.

18. 453 JE&, jie2guo3shi4 = gather fruit is = reason of - is.
Example:

JEERE () 45 L E . Mo2chal de jie2guo3shi4 re4 = The result of friction is heating.

Analysis: Here the second token is focused upon: D—CAU%. In Chinese this is expressed by
“R, guo3” = fruit.

19. LK), qi3yinlshi4 = up reason is = cause of *** is.

Example:

PP R 2 BE ¥ . Red de gi3yinlshi4 mo2chal = The cause of heating is friction.
Analysis: This is more or less a synonym of “J& [A /&, yuan2yin1shi4”.

The example is given here are rather frequently occurring and have the following equivalent
formulations:

15 H, shi4 --- de yuan2yinl =is -+ of reason

ﬁm

Elm

--[FJPEH, shi4 -+ de li3you2 =is -+ of reason

P45 5, shid «+- de jie2guo3 =is -+ of result

@m

LA, shi4 -+ de gi3yinl =is -+ of cause

ﬁm

20. ¥, zhi4shi3 = to form make = cause
Example:
W HHEAEAAET . Xilyanl zhidshi3 tal si3wang2 = Smoking caused his death.

Analysis: This is a rather pure CAU-operator. Again it is remarkable that “3{, zhi4” = to form is

used. A translation might be “death after smoking”.

We see that there are several metaphorically used CAU-operators. The examples concerning
friction and heating, as we said, will be encountered most often in technical texts. The problem of
determining the arguments is relatively easily solved in such cases. Metaphorical use already
poses greater problems, as did the noun to verb CAU-operators in group 1. In the next group it
may even be doubted whether there is always a CAU-link that can be explicitly determined.

Group 3
Statement to statement

This group involves, amongst others, the logic words, the word groups of which were studied by
Hoede and Zhang [Hoede & Zhang, 2001], and that we discussed in Section 1, with respect to
their interpretation as CAU-operators.
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21. MIfi, cong2er3 = from and = thus.
Example:
A IE#i AT B 1E4f. A zhengdque4 cong2er3 B zhengdqued = A is right, thus B is right.

Analysis: A statement like this is purely logical proposition and asks for a representation of
“ p — g~ as basic representation, which was given in Figure 2.

Note the use of “Ifij, er3” = and in Chinese.

In words “p — g7 is usually expressed by “if p then ¢”, whereas p <— ¢ is usually
expressed by “ p only if ¢ ”. In Chinese we have

22. [&4E, chu2feil = divide not = only if.
Example:

ERAETRATA £, BT A BENiR . Chu2feil wo3men2 you3gian2, wo3men2 cai2neng2 Iv3you2 =
Only if we have money, we can travel.

23. U, ru2guo3 = example fruit = if.
Example:

R KRG, FRATTAT L. Ru2guo3 tianlqid qing2lang3, wo3men2 ke2yi3 chulyou2 = If
the weather is well, we can go out.

Analysis: Here no direct causality is expressed. The state of the weather does not influence the
“going out”, but the decision to go out. This decision is not mentioned. Ellipsis, meaning
something that is not mentioned, occurs rather often in language. It forms one of the major reasons

why it is sometimes difficult to determine the arguments of a CAU-operator.

Now we ask in what way “MIfil, cong2er3” = thus differs from these two logic words. The
essential difference lies in the determination of the truth value. For example, “A is right, thus B is
right” includes the truth value of A and B. In Chinese the word “M\, cong2” = from explicitly
refers to an ordering involved. But in e.g. “we can travel only if we have money” or e.g. “if the
weather is well, we can go out”, only the propositions are expressed. Nothing is stated about
actual truth values.

24. BEAR, jidran2 = result = since.
Example:

WE SR IX Fih 7 VAT AN, FRATT 4Ry — 7k . Jidran2 zhedzhong3 fanglfa xing2budtongl,
wo3men2 huan4 lingdyidzhong3 fanglfa = Since this method does not work, we try another one.

Analysis: Here too, like for “MIf], cong2er3”, thus, in case 21, the truth value of the statements is
fixed and in a sense, the rightness of one statement causes, result in, the rightness of the other
statement. A representation by a CAU-link is defendable, especially when sentences like “the
friction occurs, thus the heat increases” are met and changes or occurrences are mentioned
explicitly. But then two nouns are explicitly mentioned. “[&dE, chu2feil” = only if and “WI%,

ru2guo3” = if do NOT refer to causal relationships directly. As the example sentences show the
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statement need not be elements that can be taken up in, say, a technical expert system.
25. FIrLA, suo3yi3 = place to = therefore.

[Al I, yinlci3 = reason this = therefore.
Example:

fh2z 218577, A AR KD . Tal xue2xi2 nu3li4, yinlci3 tal qu3de2 hen3da4 jindbud =
He studied very hard, therefore he made great progress.

Analysis: Here no condition is expressed. “Therefore” refers directly to a cause, in the example
sentence it is “study”. In Chinese “JJT, suo3” = place, respectively “[Xl, yinl” = reason, pinpoint
one of the two tokens. A CAU-link description is justified here. Determining the precise
arguments is not trivial. The statements describe processes, which themselves may be seen as the
arguments. There is here the possibility to use nouns like “study” and “progress” as arguments, as

there is always the possibility to substantiate verbs, expressing them by nouns.

The more advanced analysis would expand the concept “study” and “progress”. If “study” means
“increasing knowledge” and “progress” means “increasing something” we shed some new light on
the interpretation of the example sentence. Instead of “therefore” we then would possible have
used, “i.e.”, id est, to express the fact that “if knowledge increases, then something increases”.
This would bring the sentence back into a logical setting.

26. A2k, yinlwei2 = reason for = because.
Example:

A Ry A 24 b 27 2« Yinlwei2 wo3 shi4 xue2shengl, wo3 bidxul xue2xi2 = Because I
am a student, I have to study.

Analysis: Here too expansion of “student”, somebody who studies, sheds some new light on the
seemingly causal relationship. Being a student implies studying, by definition. Of course, it is not
this literal interpretation that is expressed. Just as in the foregoing example for “therefore”, there is
an undertone in the statement that justifies the use of the word “because”. Calling oneself a
student, meaning somebody who studies, “leads to” the obligation to study indeed. It is only on
this level of interpretation that the causality becomes clear.

In the discussion we will come back to this special group of CAU-operators. The most important
remark to make is that causal relationships CAN, but must not necessarily, be present in

statements in which these CAU-words are used.
Group 4
Noun to statement
27. %T, jiandyu2 = ability from = in view of.

Example:

BT XM ST fRET L FF . Jiandyu2 zhedxie shidshi2, ni3 keyi3 li2kail = In view of these
facts, you may go away.
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Analysis: Here the allowance to go is what is influenced by the fact, which can be represented by
a simple CAU-link.

28. LA, ping2jie4 = use borrow = rely on.
Example:

fB AR B U ) B HED . Tal ping2jied zidji3 de li4liang4 qu3de2 jin4bud = He relied on his
own strength to made progress.

Analysis: As we saw before, “progress” is “increase of something” and that something is what is
influenced by the “strength”, so again a simple CAU-link, in principle again between two nouns.

29. {13, shi3de2 = make = make.
Example:

KEMAGATIHEMERE . Dadxue3 shidde2 jiaoltongl tanlhuand = The strong snow made the traffic
be out of order.

Analysis: The CAU-link from “snow” is directly oriented towards “traffic” here.
30. [A24, yinlwei2 = reason for = because of.
Example:

KR At FTHF 74T - Yinlwei2 tianl heil, tal da3kail le dengl = Because of the darkness, he
turned on the light.

Analysis: In this second example for “[XI°4, yinlwei2” the decision to turn on the light is
influenced by the darkness. So the real effect, of the darkness in this case, is again not mentioned.
“[X], yin1” = reason explicitly refers to mental processes involved.

31. BT, you2yu2 = root from = due to.
Example:

T K% Wi G « You2yu2 dad wud, hang2banl beid qu3xiaol = Due to the heavy fog, the
flight was cancelled.

Analysis: Here too the heavy fog does not influence the flight directly, but rather the decision to
cancel. The metaphorical of “root” has been discussed extensively before, see case 8.

In this group the statements contained nouns that were not mentioned, but were the concepts that

were really involved in the CAU-links.
Group 5
Miscellaneous
32. 5]z, yin2qi3 = guide up = set off.
Example:

BTG g Mt K5, Tal de hua4 yin2qi3 hongltang2dadxiao4 = His words set off roars of
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laughter.

Analysis: The laughing is by people that hear the words and react to these words. The CAU-link is
between “words” and “people”.

32. 47T, weidle = for = in order to.
Example:

N T ARV HL, FRATIITSE A ARG 5 Ab 2. Weidle fangdbian4 shi3yong4 jidsuandjil,
wo3men2 yan2jiul zidran2 yu3yan2 chu4li3 = In order to use the computer easily, we study

natural language processing.

Analysis: “In order to” or “for” is not really a CAU-operator, as the basic meaning is that using the
computer is the goal that is to be reached by studying. The literal meaning of “>4 T, weidle” is
“for”, which does not express a causality, but an intention. However, an intention can be seen as a

reason.

4 Extracting CAU relationships with their arguments from an

example text

The extracting process is aimed at coding scientific text with “causal” relationships. In Section 3,
we picked out some Chinese CAU-words, discussed their features, and classified them into some
sub-groups. But one might wonder how such a process works out in practice. In order to show
how to use these CAU-operators in “causal” knowledge extracting, a part of an article with many
“causal” relationships was selected, and Chinese CAU relationships with their arguments in the

text were extracted from this given example text.

4.1 The chosen part of the text

We have chosen the following material from the book of Xu [Xu, 1998]. Let us now show the text.
We represent each sentence in three lines. The first line is the sentence in Chinese characters, the
second one is the sentence in Chinese spelling, and the third line gives the corresponding English
words. For each sentence we will underline the CAU-operators only, whether their corresponding

arguments are nouns or not. We also indicate its number as occurring in Section 3.

RBTE %R, wekE o kE 5 RJE FE,
Zhong4suo3zhoulzhil, Gu4zhang4 de falshengl yu3 falzhan3 guo4cheng?,

As everyone know, fault  de occurrence and development process,

F & mreY o Juff f WNE RWE R g M.

zhu3yao4 shi4 you2yu2©®? yuan2jian4 de neidzai4 yinlsu4 suo3 juedding4 de.
mainly be  dueto®’  component de intrinsic factor suo3  determine de.
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{EPRS Juft TAE W AN ZAF AL i8R
Dan4shi3 yuan2jian4 gonglzuo4 de waidbu4 tiao2jian4 ke2yi3 jialsu4 huo4

But component working de  exterior condition could speed or
HEIR [ KA,

yan2chi2 gudzhang4 de falshengl.

delay fault de occurrence.

Iy 2z & HEW ot o rE IR o
You3shi2 shen4zhi4 hui4 zhaolzhi4"» yuan2jian4 de yan4zhong4 sun3huaid.
Sometimes even  could incurs"? componentde serious shatter.
JreL, ks ) R 5 RREE W BLEL

Suo3yi3, gudzhangd de falshengl yu3 falzhan3 de jilzhi4
Therefore, fault de occurrence and development de mechanism,

. 2 HhE &M AE HE LG
yingldangl shi4"” waidbu4 tiao2jian4 he nei4zai4 yinlsud zonglhel
should be" exterior condition  and intrinsic factor joint
fEH Iy 4R,
zuodyongd  de jie2guo3"?,
function  de result"™.

W1 W= XA &£ "W A T,
Neidzai4 yinlsu4 biao3xian4 zai4 liang3 ge4 fanglmian4,

Intrinsic  factor  exhibit at two ge4 aspect,

— 7 i IEH Bty B R

yi4fanglmian4 shi4 zhengdchang2 yundxiang2 de zi4ran2 guo4chengl;

one side be normal function de natural process;

51 & M. Wik dE B0 e
lingdyi4fanglmian4 shi4 cai2zhi4, she4ji4, zhi4zao4 huo4 zhuanglpeid

the other side be material, design, manufacture or  assemble

J7 T B,

fanglmian4 de quelxian4,

aspect de limitation,

FHD JEA JIIEPS W ek 5 KE M B
dao3zhi4?  cheng2wei2 jialkuai4 gudzhang4 xing2cheng2 yu3 falzhan3 de yinlsu4.
cause!” become  expedite fault form and development de factor.
Juft AR HAY #Fh B

Yuan2jian4 sun3huai4 judyou3 gedzhong3 xing2shi4,
Component  shatter have each form,
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il JofF S| 5 VI B o 235O IR,
ru2 yuan2jian4 chang2qil  yu3 jiedzhilliu2 zuodyong4 er3 dao3zhi4” sun3huai4,

as component longtime with medium-stream effectand induce”  shatter,

Xoomoowm A JofE R A e
youd ru2 liang3 ge4 yuan2jian4 biao3mian4 xianglhu4 jielchu4 er3

againas two ged4 component surface each other touch and
IR R 787 N

zaodcheng2® de sun3huai4 deng3.

make” de shatter etc.

R I A AHXS i3,

Ru2guo3 biao3mian4 mei2you3 xiangldui4 yunddong4,

If surface no relative movement,

— & H e it B 2w P 4% -

yilbanl zhi3neng2 zaodcheng2® biao3miand ji3yal sun3shangl.

commonly only make” surface  extrusion scathe.

e v g Bl b & i s | e W,
Dangl chulqil jielchu4 xing2shi4 wei2 xian4 jielchu4 huo4 dian3 jielchu4 shi2,
When initial stages touch ~ form be line touch or point touch time,

X . A &g N i % Fifto

duidying4 de xiangldui4 yun4dong4 xing2shi4 you3 duo2 zhong3.
corresponding de  relatively  movement form have many kinds.
Lzl o AE i Bl A w3,
Pei4he2fud jianl  zuo4 wu2hua2dong4 de xiangldui4 gun3dong4,
Cooperating component among make slipless de relative roll,

Sl ES A K e A W7 o

tonglchang2 hui4 shi3®” biao3mian4 chan3shengl"> pi2lao2.

commonly could cause”  surface produce'? fatigue.

e 17 N B -9 1 & AN N 5 I L s,

Biao3xian4 xing2shi4 wei2 jinlshu3 weilli4 cong? jielchu4 biao3mian4 shang4 tuolluo4,
Exhibition  form be metal mote from touch surface at  fall off,

o g3 Bk A A Bl B RS /A R 2
ru2 gun3dong4 zhou2cheng? he2 tullun2 jilgou4 de gun3dong4 jiu4  shi4 zhedyang4.
as roll axletree and cam framework de  roll righton be this matter.
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e B e K R = Mk b N IS,
Dangl cai2liao4 ying4du4 tai4 dil huo4 bidyal tai4 gaol shi2,
When  material rigidity much low or relative press much high time,

i) o HIL® E71gAD i1 .
ye3 hui4 chulxian4® ji3yal Sun3shangl.
also could appear” extrusion  scathe.

G 1AL RE) A AR e I,
Tong2shi2 cun2zai4 gun3dong4 he2 xiangldui4 hua2dong4 shi2,
At the same time occurrence  roll and relative glide time,
iy P B M Y.

ze2 chan3shengl"® mo2sun3 he2 pi2lao2.

so  produce™ abrasion and fatigue.

H 1 "z T 8L B (A < R =AU
Dan4 zai4 xu3duol qing2kuang4 xia4 ye3 you3 ke3neng2 chan3shengl!>
But at  many instance ~ under also have possible  produce!®
K B 4«

biao3mian4 ji3yal sun3shangl.

surface extrusion scathe.

W57 1E1E rAE AR FERF e &
Pi2lao2 wang3wang3 falshengl =zai4 xiangldui4 hua2dong4 liang4
Fatigue  sometimes occurrence at relative glide quantity
e/ 19 &T W XE,

zui4xiao3 huo4 deng3yu2 ling2 de qulyud,

least or equalto zero de area,

M R TR i1 VAR 2 (AR
er3 mo2sun3 zui4 yan2zhongd de budweid ze3 jinglchang? weidyu3
and abrasion most grievous de part but often locate at
FHXS HEE) i =/ NI

xiangldui4 hua2dong4 liang4 zuidda4 de qulyu4.

relative glide quantity maximum de area.

Remarks: The CAU-words, “fifi, shi3, cause”, “ifiJi{, zao4cheng2, make” and “H I, chulxian4,
appear” (marked by (?) in the sentence), do not occur in the collected CAU-word set in Section 3.
But they are really Chinese CAU-words. The reasons are the following two. The first reason is
that, in Section 3, we picked out some Chinese CAU-words, not all. The word “H I}, chulxian4,
appear” and “ifiJ¥, zao4cheng2, make” are ones that were not collected in our set. The second
reason is that there are many words have the same meaning, i.e. synonymy. The word “ff, shi3,

cause” is the synonym with the word “Z{{i, zhi4shi3, cause”. In order to extract CAU relations
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from texts, we should make a complete CAU-operator set.

We see that there are twelve CAU-operators in this article. Our goal is, not only to find the CAU-
operators, included in the text, but also to find the corresponding arguments they connect, and to
check whether these corresponding arguments are nouns.

4.2 The sentences with CAU relationships

We know that to find CAU-operators is not very difficult. But it is very difficult to check their
corresponding arguments. First of all, the problem is the segmentation of Chinese words. We do
not discuss that here. After we complete the word segmentation, the next step is to keep only the
CAU-operators we found and their corresponding arguments. This step is still not easy. We should
detect which words are the arguments of the found CAU-operators. After we finish these two steps,
we get the following extraction results.

(1) M. hmT..... . N7E IS
gu4zhang4 you2yu?2 neidzai4  yinlsud
fault dueto intrinsic factor

CAU operator: HF=root from = due to
Argument 1: PJ7EX 2 =intrinsic factor
Argument 2: FfE="fault

Representation: intrinsic factor —CAU-> fault

(@) AN HEC........... EIRE2N
wai4bu4 tiao2jian4 zhaolzhi4 sun3huai4
exterior condition beget shatter

CAU operator: #iZ=provoke arrive = beget
Argument 1: (45D %44 =(exterior) condition
Argument 2: RIF=shatter

Representation: exterior condition —CAU-> shatter

() #bE.....2  AME & M ONE HELLH AR
gudzhang4 shi4 waidbud tiao2jian4 he neidzai4 yinlsud de jie2guo3
fault be exterior condition and intrinsic factor de result
CAU operator: #...... K45 B =be...... de result = be the result of
Argument 1: AP ER AR Py 7E X ZE =exterior condition and intrinsic factor
Argument 2: #fE="fault

Representation: exterior condition and intrinsic factor —CAU-> fault

4 7EH...... SEL.LBEER
zuodyong4 dao3zhi4 Sun3huaid

effect cause  shatter

CAU operator: F&=lead to, to form = cause

Argument 1: no noun argument extracted.

Argument 2: $i3f=shatter

Analysis: Because Argument 1 is a sentence. So, here, no noun argument is extracted.
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(5) Heft.... JERK............ SR

jielchu4 zao4cheng?2  sun3huai4

touch make shatter

CAU operator: i&Ef=create accomplish = make
Argument 1: #fili=touch.

Argument 2: $i35=shatter

Representation: touch —CAU-> shatter

©) WA X o A WFIE B
mei2you3 xiangldui4 yun4dong4 zao4dcheng? ji3yal sun3shangl.
no relative  movement make extrusion scathe
CAU operator: ifif=create accomplish = make

Argument 1: (BHIX) iE3)=(no relative) movement

Argument 2: (¥fJE) #i15 = (extrusion) scathe

Representation: [NOT: relative movement] —CAU-> extrusion scathe

(7) JCiEah AR Bl Y e o s
wu2hua2dong4 de xiangldui4 gun3dong4 shi3 chan3shengl pi2lao2

slipless de relative roll cause  produce fatigue

CAU operator: ;=4 =product born = produce

Argument 1: (BXE AR %ﬁ]=(n0 slipless relative) roll
Argument 2: J¥57 =fatigue

Representation: [relative roll without slip] —CAU-> fatigue

(8) e 955

biao3mian4 chan3shengl pi2lao2

surfave produce fatigue

CAU operator: f=4=product born = produce
Argument 1: [ =surface

Argument 2: J% 57 =fatigue

Representation: no extracted CAU relations.

Analysis: Although two noun arguments are extracted, they do not express “causal” relation
here.

(9) fEE KK B Wk K &L B B Pt
yingddu4 tai4 dil huo4 bidyal tai4 gaol chulxian4 ji3yal  sun3shangl
rigidity much low or relative press much high appear extrusion  scathe
CAU operator: HIL=grpw up become visible = appear
Argument 1: (BEEER) fKEk (LWEK) &=
(rigidity much) low or (relative press much) high

Argument 2: ($fE) 455 =(extrusion) scathe
Representation: [(rigidity much) low] —CAU=> extrusion scathe

[(relative press much) high] —CAU-> extrusion scathe

Analysis: Because the sentence is a parataxis, there exist two CAU relations.

-20 -



(10) ®ah  F XY e e B M ST
gun3dong4 he2 xiangldui4 hua2dong4 chan3shengl mo2sun3 he2 pi2lao2
roll and relative glide produce abrasion and fatigue
CAU operator: f=4=product born = produce
Argument 1: RhF (HXH) ¥E3=roll and (relative) glide
Argument 2: EEHF1JE 57 =abrasion and fatigue
Representation: roll =——CAU-> abrasion

roll —CAU-> fatigue

(relative) glide =—CAU-> abrasion

(relative) glide =—CAU-> fatigue

Analysis: as in (9), there exist four CAU relations.

any ks i
chan3sheng? ji3yal sun3shangl

roduce extrusion scathe
CAU operator: ;=4 =product born = produce
Argument 1: R31F1 (HXT) I§3h=roll and (relative) glide
Argument 2: 45 =scathe
Representation: roll —CAU-> scathe

(relative) glide —CAU-> scathe

Analysis: Because this sentence is not a complete sentence, it is another part of the above
sentence. These two sentences have the same SUBJECT. So, the argument 1 is also the same.

After we include these representations in a combined representation, we get the following.

Ds Py Pio
P D_;V»D P>
12 I:'_ 'I:l P P Pus NOT D ] P

25 [ P Dis piz[1

We introduce some symbols here in order to represent the graph clearly. They indicate:

X /(X) X /(X)
intrinsic factor Di fault D>
exterior condition D3 shatter D4
touch Ds relative movement Ds
(extrusion) scathe p7 relative roll without slip Ds
fatigue Do (rigidity much) low Do
roll D (relative press much) high D2
(relative) glide D3 abrasion Dis

scathe Dis
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From the combined representation we can see that the article consists of three main themes. One is
on p, and p,, i.e. fault and shatter. The second one is on p;, i.e. (extrusion) scathe. The third one is
on py, p;, and pys, 1.e., fatigue, abrasion and scathe.

4.3 Aspects of the extraction process

In Section 4.2, we picked out some causal relations, i.e. Chinese CAU-operators and
corresponding arguments, from the given example text by hand. How do we pick them out? A very
important point is that we use inference to do it. In this section, we will discuss this and get some
information from extracting CAU relationships by hand. This is very useful to help us to build an

automatic extracting system.

As we discussed above, it is not difficult to choose CAU-operators, because the number of these
CAU-words is finite. But it is very difficult to determine the corresponding noun arguments.

In Appendix, we have analyzed the situation that after CAU-operators are obtained, the
corresponding noun arguments are difficult to determine. But how do we pick out these CAU
relationships (including CAU-operators and their corresponding arguments) by hand in Section

4.2? We know that we determine the CAU relations according to their definition strictly.

In order to determine the arguments corresponding to some CAU-operators, let us remember first
what “A CAU B” means. From the definition we know that “A CAU B” means “An occurrence of
or a change in A can cause an occurrence of or a change in B.” Now CAU-words or CAU-
operators play the role like “cause” in the definition. Actually, CAU-operators are very important
in determining CAU relationships, although some sentences with CAU meaning do not contain
any CAU-operators. Almost all CAU relations are connected by CAU-operators. What about “an
occurrence of or a change in” A or B? Mainly we determine it by the following two methods.

(1) to find change indicators or occurrence indicators

In order to find noun arguments connected by the CAU-operators in a sentence, we would check
which part is a noun, and to check whether its change or occurrence can “cause” (expressed by the
CAU-operators) the change or occurrence of another noun. So we would have to check change
indicators or occurrence indicators. Analyzing a sentence on change or occurrence indicates we
have two possibilities. First, we may actually find that something is changing or occurring. Second,
some words, by their very meaning, imply a change or occurrence. This second possibility asks for
a semantic analysis of words, i.e., more elaborate word graphs for these concepts. Here we

essentially use expansion of concepts. For example,

e Uy Juft K 5 iR ({2 F I TR~ = G 767\

® Ru2 yuan2jian4 chang2qil yu3 jiedzhilliu2 zuodyong4 er3 dao3zhi4” sun3huaid,
® Ascomponent long time with medium-stream effect and induce”  shatter.

In this sentence the CAU-operator is “‘F3{, dao3zhi4”, induce, which is just recognized and
which is an operator pointing from the first part of the sentence to the second part, which is “fii3k,
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sun3huai4”, shatter. This, in fact, already indicates that “shatter” is induced. An expansion of

“shatter”, by using a dictionary may indeed confirm a change of state from “whole” to “broken”.

In the first part of the sentence the word “/fH, zuodyong4”, effect, expresses a change or an
occurrence. The effect is described by “component long time with medium-stream”. Like in the
case of “high blood pressure (may) cause heart attack”, here “long time with medium-stream”
describes the occurrence of a state. No noun argument is extracted. That is to say, if the effect
(between medium-stream and component) occurs, then shatter occurs. Because “shatter” is
something changing, the sentence describes that if something (effect) occurs then something else
changes.

o i X OME B WE K .. $IE Bits
® Yingd4dud tai4 dil huo4 bi3ya tai4 gaol chulxian4 ji3yal sun3shangl
® Rigidity much low or relative-pressure much high appear extrusion  scathe.

In this example, although “H 3, Chulxian4, appear” has a “causal” meaning more or less, its
“causal” meaning is not strong. We did not pick it out and add it to our CAU-words set in Section
3. But, apart from this word, we find an “occurrence indicator” and a “change indicator” in the
sentence. “Much low” and “much high” indicate that something changes, they are change
indicators. “Extrusion scathe” is still something changing, like “shatter” in our first example, it is a
change indicator too. So, to determine “occurrence indicator” or “change indicator” of nouns is an

important method to find noun arguments.
(2) to find noun arguments from expansion of word graphs.

Another method to find noun arguments, connected by the CAU-operators in a sentence, is from
expansion of word graphs, although there are no sentences in the given text that need expansion of
word graphs to find noun arguments. Because such an inference is a very important technique for
finding noun arguments by hand, using expansion of word graphs is another method to determine

noun arguments. For example, in Chinese there is a proverb:

e ity ft & & o I KW SBEoE ckF.
® Yandzi dil feil she2 guo4 daod4, dadyu3 ma3shangd jiud laildao4.
® Swallow low fly snake pass way, bigrain immediately soon come.

In Chinese villages, people even now do weather forecast according to this proverb. Actually,
there are many proverbs used in weather forecast. We know that whether it will rain does not
depended on swallow or snake. But the foreboding of raining can influence swallows and snakes.
In order to obtain this CAU relationship, we should expand word graphs, showing possible causes
for their behavior of “flying low” respectively “passing way”. This makes case of considerable
background knowledge.

4.4 Concluding remarks

Unlike from the sentences in everyday life, from the sentences in scientific texts or technical
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reports with CAU-operators we can, in most cases, easily extract CAU relations. In the chosen
article, there are twelve CAU-operators in eleven sentences. From nine sentences of them, we can
extract CAU relations, including CAU-operators and their corresponding noun arguments. After
we picked out the CAU relations in scientific texts, we obtain the material to establish the
knowledge base in expert systems. This paper is only showing the method to extract CAU
relations using CAU-operators by means of knowledge graphs. In order to build an automatic
extracting system, there are still many things we have to do.

(1) Word segmentation

In order to segment words from unmarked sentences correctly, we think a better method is to build
a good Chinese coding system containing much information. At least we should change the
current Chinese input and storage system based on Chinese characters to a new one that is based

on Chinese words.
(2) Checking parts of speech

After we get words from texts, we still should know the parts of speech. Nouns have to be located

as well as change and occurrence indicators.
(3) Choosing noun arguments by CAU-operators connected

When we get the words and parts of speech, the next work is to determine noun arguments
connected with the found CAU-operators or even in the case where no such operators occur.

(4) Concept similarity measure and concept identification

For the case of similarity measures and concept identification, we can refer to [de Vries, 1989].

5 Discussion

The Chinese CAU-words considered exhibit several features that are of importance for actual
extraction of causal relationships from text for the establishment of expert systems.

The first feature is the difference between logical implication and causal relationship. A sentence
like “if 2 X2 = 4 then Beijing is a big city” of “if 2X2 = 5 then Beijing is a small city” does not
convey any causal relationship. Both sentences are true from the logical point of view, but nobody

will extract a CAU-link from sentences like these.

In natural language, however, words are not always well chosen. Let us consider the examples on
friction and heat(ing). “Friction causes heat” is a wording that would immediately be used to
establish a CAU-link. “If friction occurs then heating occurs” is a wording in a completely logical
setting. There is a causal relationship behind this statement and that would be missed in the
extraction when “if”, “only if” and “if then” would be excluded from the set of CAU-operators.

The use of such, not so well chosen, operators to describe CAU-links forces us to consider the
linked propositions “friction occurs” and “heating occurs”. When friction and heating can be seen
as both playing a role in a process, this would justify establishing a CAU-link between them on
basis of the chosen wording. The conclusion is that statement to statement operators are to be
handled with care. If a CAU-link is present it will be recognizable by the occurrence of words like
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“occur” or “change” and in general will be a noun to noun link.

The second feature is the use of several operators that express intentions by explicitly mentioning
“reason” or by use of a word like “for”. The focus in sentences containing such CAU-words lies
on the reasoning process of people. Nevertheless, at the level of arguments of the operator there
may be a causal relationship present, describing the way the goal, usually expressed in the second
argument, can be achieved. Like for [F-THEN-statements, this causal link between the arguments
can be discovered by asking whether there are nouns exhibiting change or occurrence, so that the
standard sentence for the recognition of a causal relationship can be formulated with the same

meaning.

The third feature is the metaphoric use of language. Usually quite complicated statements are
linked by such operators as “KJf T, lai2yuan2yu3” = “come root from” or “fi i, niang3cheng2”
= “make wine success”. This kind of language use partly from the fact that the Chinese way of
making words favors such constructions, a historical aspect probably based on the fact that the
original, vary old, words describing every day life things, had to be used to “bring under words”
relationships like we consider. Partly metaphorical use also stems from the fact that the speaker
cannot or does not want to make a more precise description and trusts that the listener can infer the

meaning from the vaguer metaphorical description by “seeing” the analogy.

For our extraction process it may again help to localize two nouns in the arguments that allow a

standard sentence formulation with (about) the same meaning.

In all these three cases the recipe for extraction of CAU-links is the same. Locate nouns in the
arguments that change or occur and such that the meaning of the sentence is more or less

maintained.

The second part of this prescription may be omitted but then one is more prone to mistake. A more
systematic, but much more intensive way of discovering a causal relationship involved is to
expand the sentence. This means that the complete sentence graph has to be constructed and then
the words in it are to be expanded, which leads to an even larger graph. This expansion procedure

is to be continued until the hidden, but present, CAU-link comes forward.

At the time of writing this expansion process, which asks for a large word graph lexicon, cannot
be carried out automatically yet. As a first application of our results, to establish an expert system
from a text which is a graph with only CAU-links, the above mentioned recipe can be used.
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Appendix

We go through the example sentences focusing on the arguments and try out the recipe of finding

nouns in the arguments. The CAU-words are described by the literal Chinese translation. The

primary argument words are underlined.

1. CAU-word %1%, an4zhao4 = puch copy
Argument 1 the plan
Argument 2 we write papers
Something should change, suggesting the papers as the writing
Analvsis influences the state of the paper. The changing aspect of papers is
Y according to the plan. As a causational like to a part implies a
causational link to the whole we chose papers as the second noun.
Result plan —ALI-> [1—CAU-> 1< ALI— papers
2.  CAU-word P, yiljud = depend reason
Argument 1 actual conditions
Argument 2 we make the plan
The word “reason” indicates that the mental process is focused
Analvsis upon. The making of the plan is triggered by the conditions.
y However, other conditions would leads to a different plan, so on
the background, as it were, we have
Result conditions —ALI->[1—CAU->[1<ALI— plan
3.  CAU-word FR 4, genljud = root reason
Argument 1 the weather forecast
Argument 2 we cannot go out
As going out does not describe anything else but an act, no noun is
Analysis discernable here, or it should be “going”. This is, however, not
causally related to the weather forecast.
Result No CAU-link extracted.
4. CAU-word %, ping2 = use, depend on
Argument 1 his experience
Argument 2 he does this thing
Like in case 1, we might link “experience” and “thing”, but
Analysis although the first clearly influences the second, by the doing, there
is no explicit relationship that can be indicated.
Result No CAU-link extracted.
5. CAU-word A, yilkao4 = depend-depend
Argument 1 our wages
Argument 2 we live
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10.

Analysis

Result
CAU-word
Argument 1

Argument 2

Analysis

Result
CAU-word
Argument 1

Argument 2

Analysis

Result

CAU-word
Argument 1

Argument 2
Analysis

Result
CAU-word
Argument 1

Argument 2
Analysis

Result
CAU-word
Argument 1
Argument 2
Analysis

Result

The influence of wage on living is clearly that of wage on some
aspect of living, mainly “possessions”. This is not explicitly
mentioned and “live” is such a complex concept that no specific
aspect presents itself in the expansion of the concept “live”.

No CAU-link extracted.
W% &%, andhan2zhel = darkness include
darkness

danger

Although two nouns are explicitly mentioned, “dark include” is an
operator that might be paraphrased as “may include”. There is no
real causal relationship between the two concepts “darkness” and
“danger”.

No CAU-link extracted.

520, dao3zhi4 = lead to-to form
weakness

illness

This is a clear CAU-operator. The discussion of the example
sentence showed only an indirect relationship between the
arguments. Weakness as a condition for the occurrence of the
illness, that is caused by something else.

No CAU-link extracted, unless indirect causal relationships are
accepted.

KYHT, lai2yuan2yu3 = come root from

knowledge
practice

The discussion of the example sentence showed that metaphorical
use of language tends to hide actual causal relationships.

No CAU-link extracted.
fii i, niang3cheng?2 = make wine success
carelessness

calamity

Again the “real” causal relationship is hidden, due to the
metaphorical use of language.

No CAU-link extracted.

HZ KT, qi3yinlyu3 = up reason from

trifle

fight

The causality is via the mental process of people.

No CAU-link extracted.
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11. CAU-word o BT, qu3jue2yu3 = take decision from

Argument 1 : belief
Argument 2 :  success
Analysis . The causality is via the mental process of people.
Result : No CAU-link extracted.
12.  CAU-word . &K, suo3zhid = place to form
Argument 1 . negligence
Argument 2 : accident

The accident was only indirectly caused by the negligence, which

Analysis acts as a condition.
Result : No CAU-link extracted.
13. CAU-word . %L, zhaolzhi4 = ask to form
Argument 1 . fault
Argument 2 : loss
Analysis }?Iot E’l’ll fau1t§ incur. losses. Betweep the .two concepts “fault” and
loss” there is no direct causal relationship.
Result : No CAU-link extracted.
14. CAU-word . fE7T, zaidyu2 = at from
Argument 1 :  contradictions
Argument 2 :  development

The two arguments may be seen as causally related. Here we see
very clearly what is coming forward from several examples so far.
There is a causal relationship present and the CAU-operator is
used in a correct way. Yet it is rather difficult to discover the
precise arguments of the causality. The actual relationship between

Analysis : “contradictions” and “development” remains vague, even after
expanding the concept “development”. Which statements or
aspects in the description of development contradict each other? If
we extract a CAU-link between the two noun concepts, we have
no precise picture of the causality, which we feel may indeed be
present.

Result . contradictions —ALI>[1—CAU-> 1< ALI— development

So far the example sentences did not give many CAU-links that we would accept for an expert
system. We have determined pairs of nouns and we could have taken these pairs as being causally
related. But then, at the same time, we are aware of the fact that although the CAU-words used are
rightfully called CAU-words, the arguments are not directly linked in most cases. The basic causal
relationship if often not explicitly mentioned. It is only by thinking carefully about what is said,

and that means expansion of concepts, that we find why a CAU-word is used in a certain sentence.

For the representation this means the following. The CAU-words may be represented by word
graphs and in many cases just by a simple CAU-link, although it is evident that each CAU-
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operator has its specific connotations and should have its specific word graph. Metaphorical use of
language makes it extremely difficult to give these word graphs. A typical example is “FRJ{,

niang3cheng2” = make wine success.

We are facing a decision on the representation. Either we give explicit different word graphs for
all CAU-words, which may help in the process of determining the arguments, or we accept that a
CAU-link usually is representing a more complex graph. We choose for the second option,
because even if the word graphs in expanded form are known the use of CAU-words is such that
still are arguments of the basic causality expressed are often not directly detectable. As for these
argument we have seen that pairs of nouns can usually be determined, although there need not be a
direct causal relationship between them. However, just as the CAU-operators themselves are
complex in most cases and yet are represented by simple CAU-links, the arguments may only be
indirectly related causally and yet be represented as the arguments of the simple CAU-link. The
quality of such a result of extraction is, of course, rather poor.

For extracting technical knowledge from texts the described simplification may be acceptable.
Even if the CAU-words are quite complex in nature their use in a technical setting may concern
arguments that are quite simply identifiable. But usually the CAU-words used are restricted to a
small set. The cases 15, 16, 17, 18, 19 and their equivalent formulations are all describing the
technical causal relationship between “friction” and “heat”, arguments that are easily extracted.
Result: friction —ALI>[1—CAU->[J<ALI— heat in all these cases.

20. CAU-word . Bfifi, zhidshi3 = to form make
Argument 1 : smokin
Argument 2 :  death

This is clearly a CAU-operator. The causal relationship is
complex. “Smoking” is a process, described by a substantiation of
the verb “to smoke”. “Death” is a fact a process too. In particular

Analysis in examples like this the actual causality is hard to pinpoint. Yet in
the establishment of medical expert systems we would like to
extract information like this.

Result : smoking —ALI>[1—CAU-> [ <ALI— death

21. CAU-word : MIf, cong2er3 = from and
Argument 1 DA
Argument 2 : B
. As A and B are arbitrary statements no causal relationship is

Analysis
expressed.

Result : No CAU-link extracted.

22.  CAU-word : BRE, chu2feil = divide not

Argument 1 :  money

Argument 2 . travel

Analysis Two statements are concerned in which two nouns can be

determined. But clearly this example is expressing a logic
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23.

24.

25.

26.

27.

28.

Result
CAU-word
Argument 1

Argument 2
Analysis

Result
CAU-word
Argument 1

Argument 2
Analysis

Result
CAU-word
Argument 1

Argument 2

Analysis

Result
CAU-word
Argument 1
Argument 2
Analysis
Result
CAU-word
Argument 1

Argument 2
Analysis

Result

CAU-word
Argument 1
Argument 2

Analysis

proposition like in case 21.

No CAU-link extracted.

%, ru2guo3 = example fruit
weather

go out

A purely logical sentence, and on the background only a
relationship between “weather” and the “decision” to go out.

No CAU-link extracted.
RESR, jidran2 = result
method

another one

Even through two methods are put into relationship, there is no
reason to extract a CAU-relationship.

No CAU-link extracted.
[AlItt, yinlci3 = reason this

study
progress

As we discussed, in fact a tautological statement is involved.
Study, increasing knowledge means increasing something,
“therefore” progress.

No CAU-link extracted.
M, yinlwei2 = reason for
student

study

Analogous to case 25.

No CAU-link extracted.
Y5F, jiandyu2 = ability from
facts

may go away

Instead of a “decision”, here an “allowance” is the second noun
involved.

No CAU-link extracted.
L1, ping2jie4 = use borrow
strength

progress

The second noun involved is not “progress”, which is “increase of
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something”, but that “something” that is increasing.

strength — ALI-> [1—CAU-> [ €ALI— where the second

Result token is not typed.
29. CAU-word 1§15, shi3de2 = make
Argument 1 SnoOw
Argument 2 traffic
Analysis A noun normal case of causal relationship
Result snow —ALI>[J—CAU->[1<ALI— traffic
30. CAU-word M, yinlwei2 = reason for
Argument 1 darkness
Argument 2 light
Analysis As can be seen from .the Chinese use of the word “reason”, there is
no direct causal relationship.
Result No CAU-link extracted.
31. CAU-word T, you2yu2 = root from
Argument 1 fog
Argument 2 flight
Analysis Here .the metaphorica@ use .of language hints at the non-existence
of a direct causal relationship.
Result No CAU-link extracted.
32. CAU-word 5], yin2qi3 = guide up
Argument 1 words
Argument 2 laughter
Analysis The listening people are intermediate.
Result No CAU-link extracted.
33. CAU-word AT, weidle = for
Argument 1 study
Argument 2 use
Analysis The operator expresses an intention, not a causality.
Result No CAU-link extracted.

General conclusion

Almost all operators considered are CAU-words, or may lead to extraction of a CAU-link.
However, the example sentence show that in everyday non-technical conversation or writing
language is used in a way that asks for considerable interpretational power of the listener or reader.

In more than half of the case we concluded that, strictly taken, no CAU-link could be extracted,
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although the presence of a CAU-link in an expansion of the sentence graph was not to be excluded.
Interesting in this connection are the CAU-operators that contain the word “reason”. A reason is in
a sense a cause, but the effect in on the decision taken by people. The word “decision” is usually

not mentioned in the sentence, as it is already implied by the word “reason”.

In turn out that even if the word graphs for the considered CAU-words would be extensively given,
there still would exist a considerable problem with the arguments. Often the background
knowledge needed for proper interpretation of a sentence is considerable. For automatic extraction
of CAU-links this poses a tremendous problem. However, it may be that technical texts are
structured in such a way that the needed use of background knowledge is much less. As mentioned

before, an example text is studied and will be reported upon in a forthcoming paper.
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