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1. Introduction 
So far computer aided animation tech-

niques have been developed a lot, where 
animation generation oriented programming 
tends to be one of central topics, for which 
many animation description languages are 
proposed {1-4]. However, what interests peo-
ple most is to generate animation directly 
from natural language story or scenario. This 
idea is mentioned in some literature [5], but 
their works are mainly on experiments on 
some steps in animation generation proce-
dure. Yet we have not found any imple-
mented systems automatically generating an-
imation directly from natural language sce-
nario which, rather than includes one or two 
sentences, is a complete story. 

After nearly ten years' effort, a research 
group in Institute of Mathematics, Academia 
Sinica, proposed and implemented a com-
puter aided animation tool set called Shake-
speare which is based on the concept of full 
lifecycle computer aided animation, where the 
user only needs to input a story written in a 
pseudo- natural Chinese language, then the 
computer converts this story to a cartoon au-
tomatically or under the user's instructions. 
This procedure undergoes the following steps: 

(1) Pseudo- natural Chinese language com-
prehension ( syntax and semantics analysis) 

(2) Story understanding (main stream of 
plots) 

(3) Story analysis (theme of the story and 
character analysis) 

( 4) Script design (rewritten in shooting 
script, a form suitable for animation) 

(5) Animation planning (temporal and spa-
tial reasoning) 
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(6) Animation design (character, back-
ground, videoeffects) 

(7) Animation generation. 

The last step makes use of the TDI animation 
software and the animation bases designed 
and constructed by our research group, in-
cluding a character base, a background base, 
an action base and a soundeffect base. 

In animation generation, it is very diffi-
cult to process the quantity relations due to 
many reasons. Firstly, natural language un-
derstanding itself has difficulties without any 
effective solutions, e.g., the reference problem, 
which we will mention later in this paper. Ex-
pressibility in animation is the second prob-
lem. Because of the limitations of animation 
techniques, it is not the case that every sen-
tence or paragraph in the story being clearly 
understood could be expressed by animations. 
The third problem is the rationality w. r. t. 
commonsense, which has influences on both 
the former two problems. From the point of 
view of natural language understanding, am-
biguity of sentence meaning usually relates to 
that in commonsense reasoning. It is quite 
often that different scenes could be imagined 
and designed for expressing the meaning of 
the same sentence. Each of them is possible, 
that is to say, it accords with our common-
sense. Therefore it is troublesome to select 
among these possibilities. The above three 
problems become more complicated since we 
reqiure that Shakespeare should posses such 
robustness that given the syntactic rules and· 
word base, the user could write any story as he 
wants, and then the system either generates 
a cartoon appropritely illustrating the plots 
of the story or indicates the commonsense er-
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rors in the story. From the examples ·shown 
later in this paper, one can say that even if 
we restricted ourselves to the partial problem 
of only processing the quantity relations, our 
task is extremely difficult. In the next sec-
tion, we will discuss the commonsense prob-
lems relating to the quantity, which appear 
in one sentence or among several sentences in 
the story. Most of the time,rrmch or less, they 
are context-sensitive. 

Note that stories accepted by Shakespeare 
are in Chinese. ·We use Pinyin to represent 
Chinese and just after it we use English in non 
-conjugated form to tell the meaning. More-
over, we limit the stories in child storis writ-
ten in some pseudo-natural Chinese language, 
since it is impossible now for computer sys-
tems to understand all stories in completely 
free natural languages. 

2. Commonsense Problems 
relating to the Quantity 

It is quite conunon for commonsense prob-
lems relatingto the quantity to exist in natu-
ral language sentences. So far we have found 
the following ones. 

2.1 There ·are no quantity de-
scriptions for characters in the 
sentence. 

Example: Gou Zhui Mao (in Chinese), 

Dog chase after cat (in English). 

In Chinese, nouns and verbs do not have plu-
ral forms,· and nouns do not have articles be-
fore them. Therefore, for the exarnple sen-
tence, one cannot tell how many dogs chase 
after how many cats. Obviously, it is uncer-
tain to generate how many dogs and cats in 
the animation. 
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2.2 The quantity of the char-
acter in the sentence is unreason-
able. 

Example: Fang Jian Li You Shi Yi Zhi 
Gou (in Chinese), 

There are a·billion dogs in the room ( 
in English). 

From commonsense, it is normally impossible 
for a room to hold one billion dogs. This un-
reasonability is rather easy to decide. But if 
the sentence tells that there are one thousand 
dogs in the room, we cannot decide its rea-
sonability at once. One can image that there 
exists a room big enough to hold one thou-
sand dogs. However, most of the rooms· can-
not hold so many dogs in the conunonense, 
and wha't is more important is that to gener-
ate one thousand dogs and their actions in the 
animation has very high computational com-
pleXity, is very space - and time-consuming, 
and extremely difficult to do static and dy-
namic plannings. Thus the system should 
try to avoid such scene in the animation that 
there are one thousand dogs. In this respect, 
we have to ask a question that what is the 
reasonable quantity of dogs in a room, or gen-
erally, how many object y are allowed to be 
reasonable in circumstance x. 
· 2.3 It is not easy to express 

in the animation the quantity of 
character in the story. 

Example: Zhong Guo You Shi Er Yi Ren 
Kou (in Chinese), 

There are 1.2 billion people in China ( 
in English). 

This sentence is cmnpletely correct, but it is 
impossible for 1. 2 billion people to appear 
in the animation scene. What we want to ask 
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here is that even though it were possible to do 
this, whether if it is necessary to do this. Gen-
erally, while using animation to express the 
meaning of a sentence, must the quantities in 
the sentence be expressed by the exact num-
ber of objects? From the example sentence we 
can say that it is not necessary. We can design 
an animation scene where many people are 
walking in a Beijing street and a subtitle tells 
that China has a population of 1. 2 billion 
people. Pedestrians hurriedly come and go 
gives the audience the impression that there· 
are many people, and the subtitle makes the 
audience know the number 1. 2 billion. These 
two techniques are combined together to ex-
press the meaning of the sentence. The ques-
tion is that how many pedestrians appearing 
is reasonable. What is more important is that 
under what conditions quantities in the sen-
tence should be expressed by the exact num-
ber of objects, whereas when they should be 
expressed in another way. Is it only related 
to the boundary of quantities, or some other 
principles should be adopted to make deci-
sions? 

2.4 The characters in the sen-
tence are described by uncertain 
quantity words. 

Example: Ji Zhi Gou Zhui Ji Zhi Mao (in 
Chinese), 

Sevaral dogs chase after several cats ( 
in English). 

In Chinese, "Ji Zhi (in Chinese, meaning sev-
eral)" usually means more than one, thus in 
the example sentence there are more than one 
dogs and cats. But we still do not know the 
exact numbers, which have to be known for 
animation generation. One solution is to de-
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fine a default number, e.g., whenever "Ji Zhi 
(in Chinese)" is mentioned, replace it with 
the number 2 or 3. But these quantities are 
closely related to the character types and their 
circumstances. If the sentence tells that there 
are several cats in Jane's handbag, then two 
cats probably are the most since we believe 
that Jane's handbag is not big enough to hold 
more than 2 cats. If the sentence tells that 
there are several cats in the room, then proba-
bly there should be 5 or 6 cats. If the sentence 
tells that there are several baby cats in Jane's 
handbag, then it is possible that there are 5 
or 6 baby cats. In this regard, default quan-
tities should be, rather than predefined, de-
cided according to the objects properties and 
circumstances. 

Furthermore, there are many uncertain 
quantity words in Chinese which can not have 
one unified default value. The sentence "there 
are many cats in the room" should be given 
different number of cats from the sentence 
"there are several cats in the room". 

2.5 The quantity of characters in 
the sentence is described by words 
difficult to count. 

Example: Zhuo Zi Shang You Liang 
Gong Jin Ping Guo (in Chinese), 

There are two kilograms of apples on 
the table (in English). 

Apples are countable, and once given the ex-
act number, they can be expressed in the ani-
mation. "Two kilograms of apples" is exact in 
weight but not in quantity. We cannot express 
it in animation since weights cannot be visu-
alized directly. The computer has to know ap-
proximately how many apples there are in two 
kilograms. To solve this problem, it is neces-
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sary for computer to have knowledge about 
relations among weights, quantities and sizes. 

There is another situation where it is possi-
ble to visuablize the measure word but the ex-
pression way is not natural according to com-
monsense and customs, e.g., "Tom is carry-
ing clothes two meters long on shoulder". -In 
the animation _ expressing this sentence, .the 
clothes has to be rolled up, thus "two meters 
long" is difficult to express. Now the com-
puter needs to know the conversion method 
of how big is the clothes two meters long af-
ter rolled up. 

2.6 Expressibility and Non-
Contradiction 

The above examples prompt us that we 
cannot always express exactly the quantities 
in animaion. Take the apples for example. 
Even ifthe (!Omputer animation system could 
compute the approximate quantity of apples 
in two kilograms based on its knowledge, you 
can never tell that the quru1tity is exact. In 
reality, it is quite possible for two people while 
buying two kilograms of apples to get the dif-
ferent numbers of apples. It is even more dif-
ficult to express how big rolling up apiece of 
clothes two meters long is. Here we must dis-
tinct two concepts, the expressibility of quan-
tity and the non -contradiction of the expres-
sion of quantity. For the above examples, it 
is reachable that there is no contradiction in 
the animation, but is impossible to exactly ex-
press the relations among various measures. 

2.7 Uncertainty is cause_d by the 
multi identities of one character. 

Example: Fang Zi Li You Liru1g Ge Fu 
Qin He Liang Ge Er Zi (in Chinese), 

There are two fathers and two sons in 
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the room (in English). 

Generally speaking, all characters mentioned 
in the sentence should be displayed in the an-
imation. In the example sentence, there are 
four characters, two fathers and two sons. But 
a person who is the father of sombody must 
be a son of anot4er person. One person could 
have multi identi~ies. In this regard, "two fa-
thers and two sons" can be understood as a 
grandpa, a father and a son, where only three 
chru:acters appear in the animation. Further-
more, if we take a father as a man with chil-
dren, and take a son as a man with parent, 
then the two fathers mentioned in the above 
senteiice couid be understood a8 -fathers ~f 
somebody who are not necessary the two sons 
in the sentence. The two sons are understood 
similarly. Therefore it is reasonable to display 
only two men in the animation, whose fathers 
and sons are beyond the description of this 
sentence. 

2.8 The references to characters 
are not clear in the story ( general 
name and proper name). 

Example: Dog Jack and Dog Rose are 
playing in the room. 

A dog is dancing. 
Who is dancing, Jack or Rose? It is not 

clear at all. 
2.9 The references to characters 

are not clear in the story ( general 
name and general name). 

. Example: A dog is singing. ...... A dog 
is dancing. 

The story does not tell whether the two 
sentences refer to the same dog or two differ-
ent dogs. 

2.10 There is direct contradic-
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tion among character quantities 
in different sentences. 

Example: The king has only one son. 
The king's elder son likes hunting. 

The king's younger son likes reading. 

From the latter two sentences one can con-
clude that the king has at least two sons. This 
is in contradiction with the first sentence. 

3. Principles of Quantity-
Oriented Commonsense 
Reasoning 

In this section, we introduce the six prin-
ciples Shakespeare adopts to solve the above 
commonsense problem.~ relating to quantity. 
Actually, the best principle should be context-
sensitivity analysis due to the fact when man 
is reading a story, he understands ru1d decides 
the quantities according to the context in one 
sentence or among several sentences. Unfor-
tunately, computer systems cannot analyse so 
much and deep context-sensitivity as human 
beings do. In this respect, the system has to 
use some principles to make decisions when 
its context-scnsitivit.y ru1alysi.s is not so infor-
mative. These principles should be reasonable 
and close to commonsense as much as possi-
ble. 

3.1 The Default Principle 
When the object quantity is completely not 
indicated in the story, 

3.1.1 if no information shows that the 
object is plural, then the object is taken as 
being single, in this regard, "dog chase after 
cat" is understood as "a dog chases after a 
cat"; 

3.1.2 if there is information in the story 
showing that the object is plural before the 
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sentence "dog chase after dog" , then the ob-
ject is taken as being plural, thus " there are 
three dogs ru1d two cats in the room. dog 
chase after cat" is understood as "three dogs 
chase after two cats"; 

3.1.3 otherwise, take the object as being 
single. 

Besides, for the situation as follows, 

A dog is dancing. A dog is singing. 

Some people are reading. Some people 
are writing. 

unless there are some declarations, generally 
they are taken as representing different ob-
jects, that is to say, the dru1cing dog is dif-
ferent from the singing dog, and the people 
reading are not those writing. 

3.2 The Relativity Principle 
The semantics of adjectives representing un-
certain quantities such as "many", "few", 
"whole", etc. have relativity, e. g. , in a 
school composed of 800 students, 300 students 
could be understood as "many", whereas is 
understood as "few" in a school compo!~ed of 
3000 students. 

The membership function on fuzzy set is a 
rather effective method to represent and pro-
cess relativity. The method is described in the 
following. 

3.2.1 If after story analysis the maxi-
mum quantity of the characters is decided as 
M, then give a membership function to ev-
ery quantity adjective based on M, a.~ shown 
in Fig.l where M= 10. Ouly considering the 
strict quantity relations, 0 and 1 should be-
long to "few". However, according to com-
mensense, when people talk about "few", they 
refer to,neither 0 nor 1, but a number no less 
thru1 2. This is why in Fig.1 the values of 
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membership function of "few" between 0 and 
1 do not equal to 1. The membership func-
tion of "many" is given in Fig .1 in this way 
as well. 

3.2.2 Otherwise, evaluate M according to 
the default rules, and then decide member-
ship functions. Note that M itself is relative 
either in two aspects. Firstly, the quantity 
adjectives in the story are usually relative to, 
instead of the entirety of the characters in the 
story, the entirety of the characters in the cur-
rent scene. Take the following for example. 

There are 10 people in the room. 

Many people are talking with each 
other. 

Another 10 people come in. 
Now the total of people is 20, but "many" 
is realtive to 10. Secondly, when the exact 
value of M is not available, we can only use 
the default method, where default values are 
relative either. In the sentence 

There are many people in the room, 

"many people" actually is just "the whole 
people" in the room. It is relative to the 
maximtim people holdable in the room. "The 
maximum people holdable in the room" is a 
membership function as well relating to the 
size of the room. 

3.3 The Optimization Principle 
For every quantity adjective in the story, we 
obviously select the maximum of its member-
ship function values, which generally equal to 
1. There are often several points whose mem-
bership function values equal to 1, ·e.g., in 
Fig.1, the "few" values of point 2 and point 3 
all equal to 1. Therefore a uniqueness prob-
lem appears that how many objects, 2 or 3, 
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should be displayed in the animation. We 
take the value of membership function as a 
kind of constraint conditions, and when there 
are more than one constraint conditions, we 
select the optimized solution. The following 
two sentences are shown in Fig.3. 

Many people walk on t of the room. 
They rush into a car. 

There are 3 curves in Fig.3, where one rep-
resenting the "many" relative to the nor-
mally rational quantity of people in the room, 
another representing the normally rational 
quantity of people in a car, and the third 
showing the summarization of the former two 
curves. Points have the maximum value on 
the third curve indicate the quantities after 
optimization. Therefore, the optimized quan-
tity should be 4 rather than 6, 7 or 8 ob-
tained by only considering "many people in 
the room". 

Note that if the same quantity adjective ap-
pears several times in the story describing the 
different objects, then the constraint condi-
tions they represent should not be added to-
gether. In the following 3 sentences. 

room. 
There are 20 men and 10 women in the 

Many men are dressed in blue. 

Many women are dressed in white. 
The two "many"s have different meanings, 
thus the constraint conditions they represent 
should not be added together. 

The problems mentioned above about how 
many apples are there in 2 kilograms, etc. 
could be solved in the similar methods. 

The Simplification Principle 
If many solutions are obtained about quantity 
problem after commonsense reasoning, the 

41 

Summer 1995 



42 

simple ones have priority, where 'simple' here 
means to be simple in conunonsense and in 
animation expression. For the example given 
above of "two fathers and two sons", the sim-
plest understanding in conunonsense is that 
there are four people in the room, whereas 
two or three people are special solutions ob-
tained only by special reasoning. Therefore, 
the solution simple in conunonsense refers to 
the one which ordinary people realize inune-
diately in direct perceiving . For the example 
that there are many people in the room, with-
out any constraints, the quantity of the people 
could probably be 6, 7 or 8 according to one 
curve of membership function in Fig. 1. Now 
the principle of being simple in animation ex-
pression should be taken into account, thus 
the quantity of people in the room is consid-
ered as 6. 

The Abstract Expression Prin
ciple 

If an quantity is reasonable, e.g., there are 1. 
2 billion people in China, but it is impossi-
ble or very difficult to directly express it in 
the animation, the indirect expressing meth-
ods should be taken into account. In the dis-
cussion above we give the method of combing 
stream of pedestrians and a subtitle to express 
1.2 billion people. 

Generally speaking, small quantities are al-
ways expressible, whereas large ones are not 
so easy to express. In this regard, we could 
abstract the concept "many" and conclude 
the above method to the following two points. 

(a) Use some symbolized means to express 
"many". 

(b) Use appropriate techniques such as sub-
titles, asides, etc. to indicate the exact num-
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her if necessary. 
There are two problems about this princi-

ple, when the quantity is large enough for the 
system to adopt the abstract expression prin-
ciple and which symbolized means should be 
used. For the first problem, two membership 
functions of the expressibility in animation 
and the complexity of animation expressing 
could be used, while other principles could be 
referred to as well. Take for example story A 
including two sentences, 

The king has 100 soldiers. 
The king leads his 100 soldiers to fight. 

and story B including three sentences, 
The king has 100 soldiers. 
10 of these 100 soldiers are dressed in 

red. 
10 of these 100 soldiers are dressed in 

green. 
100 soldiers in story A can be expressed by 
abstracting method, whereas those in story B 
cannot only be expressed by abstracting due 
to the requirements of counting the soldiers in 
different clothes. As for the second problem, 
it is closely related to the context and plots 
of the story. 

3.6 The Completion Principle 
When there exist contradictions in quantities, 
the system normally should output error in-
formation. Yet this is not always correct for 
sometimes contradictions are caused by the 
incompleteness of the story content. 

Example: There are three apples on the 
table. 

Jack walks passing the table. 
There are two apples on the table. 

One can see that there is a contradiction 
about the quantity of apples. However, the 
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system could adopt the completion principle 
to reason that adding the sentence "Jack takes 
an apple from the . table" between the second 
and third sentence above would eliminate the 
contradiction. As for when and how to com-
plete the content of story and how to avoid the 
contradictions between the added part and 
the original story arc closely related to the 
context and plots of the story. 

4. An Algorithm of Quan
tity Estimation 

In this section, the sketch of an algorithm 
is given for deciding the quantities of objects 
in the story, based on the six principles given 
in the last section. The following eight classes 
of objects are called super objects. 

( Object Class A ) ::= { basic object); e.g., 
Tu Zi (in Chinese), rabbit (in English) 
{ Object Class D ) ::= { non-quantity adjec-
tive) (basic object )I{ Object Class A); e.g., 
Da Tu Zi (in Chinese), big rabbit (in English) 
( Object Class C ) ::= ( muneral }( Object 
Class D); e.g., San Zhi Da Tu Zi (in Chinese), 
three big rabbits (in English) 

( Object Class D ) ::= { classifier measure 
word )( Object Class D ); e.g., Yi Kuang Da 
Tu Zi (in Chinese), a basketful of big rabbits 
(iu English) 

( Object Class E ) ::= { Object Class D }( 
auxiliary word ); e.g., Da Tu Zi Men (in Chi-
nese), the big rabbits (in English) 

( Object Class F ) ::= ( reference pronoun ) ( 
Object Class D ); e.g., Na Zhi Da Tu Zi (in 
Chinese), that big rabbit (in English) 

{ Object Class G ) ::= { Object Class D ){ 
proper noun ); e.g., Da 'l\1 Zi Luo Si (in Chi-
nese), big rabbit Rose (in English) 
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{ Object Class H ) ::= { quantity adjective ){ 
Object Class D ); e.g., Xu Duo Da 'l\1 Zi (in 
Chinese), many big rabbits (in English) 

Take every sentence in the story as a group 
of object operations. There are three types of 
such operations classifed by their influences 
on the quantities of objects. 

(1) operation type I, which increases the 
quantities of objects, e.g., "three rabbits and 
a tiger come in" 

(2) operation type 11, which decreases the 
quantities of objects, e.g., "three 1·abbits 
leave" 
(3) operation type Ill, which indicates the 
existence of objects, e.g., "Huee rabbits are 
singing" 

Algorithm 4.1 (Sketch) 
(1) Merge the eight classes of objects. For ex-
ample, objects in class A could be taken as 
those in class B with a null adjective, thus 
arc merged into class D. Moreover, object in 
class E "the big rabbits" could be understood 
as "all big rabbits" where "all" is a quantity 
adjective. Therefore, objects in class E are 
merged into class H. Use similar reasoning 
methods to merge other classes. After these 
merging, there are four classes left: class D, 
C, F and H. 

(2) Since the reference problem is only in-
completely solved in natural language under-
standing, a simplified method is adopted in 
Shakespeare. That is, from the position of the 
object being referred ( { reference pronoun ) { 
Object Class B ) ) in the story, search back-
wards in the story, once an object is found 
matching { Object Class D ), then replace the 
{Object Class D ) with this object; otherwise, 
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the system outputs error information. 

{3) Now there are only class B, C, and H left. 
Take all objects in class B (including those 
involved in class C and H) to form an inheri-
tance hierarchy according to the compositions 
of non-quantity adjectives of the objects. An 
example of such hierarchy is shown in Fig.4, 
where "big rabbit" is a father object of "red 
big rabbit", and "rabbit" is a father object of 
"big rabbit". 

{4) Attach a Bool expression to every node 
of this hierarchy to represent the limitation 
of the quantity of the object corresponding 
to the node. An example is shown in Fig.5, 
where n(x) denotes the quantity of :c. 

{5) For the initial state of the hierarchy, de-
noted by Frame (0), for any node :c, let n{:c) = 
0. For i = 1, 2, · · · , m where m is the number 
of sentences in the story, when sentence i is 
processed, construct Frame {i) from Frame (i-
1) in the way that rearrange the Bool expres-
sions of nodes in Frame (i-1) and meanwhile 
update the Bool expressions in Frame (0), · · ·, 
and Frame (i-1) to make them more precise. 
Suppose the hierarchy in Fig.5 is Frame '(5), 
and the sixth sentence is "two b's heave". Af-
ter processing the sixth sentence, Frame {6) 
is shown in Fig.6, and Frame (5) is updated 
to be more precise in Fig. 7. 

(6) During the procedure going from Frame 
(i) to Frame (i+1), several situations may oc-
cur as follows. 

(a) There are unsolvable contradictions, 
e.g., at the moment there are only four peo-
ple, but the sentence says five people leave. 
In that case the system outputs error infor-
mation. 

(b) The quantity is not exact, e.g., the sen-
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tence says "many people leave". In that case 
the ·system does computation to get a most 
reasonable number according to the optimiza-
tion principle given above. 

(c) Quantities of objects in some Frame (i) 
have not been decided even after the last sen-
tence of the story is processed, e.g., there is 
only one sentence in the story saying "many 
rabbits are singing". Now decide a group 
of relatively reasonable numbers according to 
the default values and rules in knowledge 
bases. 

(7) After the quantities of objects in all Frame 
(i)'s are decided, the system gets the quantity 
basis for generating animation. 

Dut to the limited space of this paper we 
have omitted the details of this algorithm and 
we are going to publish them elsewhere. 

5. Concluding Remarks 
We have discussed in this paper the diffi-

culties in deciding the quantity of objects in 
a story while generating animations directly 
from natural language, and the correspond-
ing solutions by commonsense reasoning. It 
is known that natural language understand-
ing has ambiguity. However, from analysing 
the examples shown in this paper, one can see 
that what we call difficulties in deciding the 
quantities are not those in natural language 
understanding. For most of those examples, 
it is not difficult to understand them in nat-
ural language processing, e.g., "2 kilograms 
of apples" is very clear in semantics and easy 
to understand. But to convert it to anima-
tion is not a obvious task any more. In this 
respect, we actually propose a new topic in 
linguistics, whose contents and significance go 
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beyond those in traditional research on syn-
tax, semantics and pragmatics of natural lan-
guage. The decision of the quantity is just one 
part of this new topic which deserves research. 
We will go further to study the other parts of 
this topic apart from quantity decision. 

Shakespeare is a very big project, and those 
involved in the early work mainly include Gen 
Qing, Zhu Wenhong, Wan Ronglin, Jin Zhen-
hao, Li Xiaobin, etc. Moreover, Ma Yinghao, 
Zhou Yuejiao, Du Haixia and Li Lu have par-
ticipated in the discussions relating to this pa-
per. We would like to express our thanks to 
them all. 
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