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ON INTELLECTUAL QUESTIONANSWERING 

  WITH INCOMPLETE INFORMATIONS

      By 

Hiroshi SAKAI'

                    Abstract 

   Semantic issues connected with incomplete knowledge bases are 

discussed. In general, information incompleteness means the incom

pleteness of given values in specified attribute domains, e. g., Codd's 
null value and Lipski's partial information. Another information in

completeness connected with the lack of primary keys may also be 

considerable, and in this case the closed world assumption should not 

be assumed. This paper uniformly formulates these two types of in

complete knowledge base and precisely defines interpretations of queries. 

In order to realize more intellectual questionanswering, some conditions 

that queries are not affected by the incompleteness are discussed.

   1. Introduction 

   Several types of incomplete informations have already been discussed, for example 

Codd's null value [1] and Lipski's partial information [2, 3]. In these researches, the 
incompleteness connected with given values in specified attribute domains is discussed. 

On the contrary, researches concerned with the lack of primary keys or the lack of 
information are rare. It seems that only the informations which can assume the closed 

world assumption (CWA) [4] are discussed. But, in general such informations are 

special cases of ones which can not assume the CWA. Recently, completeness informa

tion [5] is introduced instead of the CWA. Completeness information indicates the 

partial informations which can assume the CWA. Motro extended a relational algebra 
by the completeness information [5]. 

   In this paper, we discuss the semantic issues based on two types of incomplete 

informations uniformly. More precisely, the problem is how to realize a question

answering method based on an incomplete information. First, we define a lower bound 

of a response and an upper bound of a response based on an incomplete information, 

which are the sure answer and the possible one to a query based on an incomplete 

system, respectively. Next, a method to compute two responses to a query is discussed. 
An answer to a query based on a complete information is between the lower bound 

and the upper bound of the response based on an incomplete system. If the two 

responses are equal, the query is not affected by the incompleteness of informations 

in the questionanswering. These discussions lead to the realization of a more intel
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lectual questionanswering system .

    2. Definition of Information Systems 

    In this section, we clarify basic definitions and two types of incompleteness of an 
 information. First, we show an information system . 

    DEFINITION 1. An information system (or a system) Q is specified by a triplet , 

[2=<X, (Di)iEI, (Ji)iEI>, 
 where, 

    1) X is a finite set, whose elements are called objects. 
    2) I is a finite set, whose elements are called attributes . 

    3) Di(i E I) is a non empty set, which is called the domain of an attribute i . 
   4) f i(i E I) is a total function from X to Di, and called the assignment function. 

                                                                       In the questionanswering, a query which indicates some conditions on the assign
ment values is called term, and the response is a subset of the object set X. The 
minimal elements of query languages like <i, E>(iEI , BCD,) are called descriptors. 
One descriptor <i, B> implies that the attribute value of i is an element of the set B. 

    Based on descriptors, terms are defined. 
DEFINITION 2. Terms are recursively defined as follows. 

    1) All descriptors, 0 and 1 are terms. 
    2) If t and s are terms, t+s, t*s, and t—*s are terms . 

   3) Terms are defined only by the rule 1) and 2). 
The intuitive meaning of connectives ` +-', `*', `~' and `—f' are OR, AND, NOT and 
IMPLY, respectively. Further, `U', `n' and `\' imply union, intersection and difference 
of set. 

   Several problems based on a system are solved by Marek and Pawlak [6] . They 
defined one interpretation of terms, and showed some equivalent transformation rules 
for terms based on the interpretation. The one is as follows. 

   INTERPRETATION 1. ([6] ; Marek and Pawlak) The value of a term t based on a 
system Q denoted by IltIIQ, is inductively defined as follows. If it is needless to specify 
the subscript Q weomitit. 

   1)I<Z,B>(=UbEB{xEXfi(x)=b}. 
   2) II <i, Di> II = II 111=X (object set). 

II <z, 0>I1=11011=0 (0 implies an empty set of domains, 
0 implies an empty set of object.). 

  3) II^ tll=X\Iltll 
  4) Ilt+sll=iltllUllsll• 

  5) Ilt*s I=11tllnlisll. 
   6) Ilt—*s1J=11^,t+s11. 

   According to [6], a questionanswering based on a system can be realized by 
Interpretation 1, further, the equivalent transformation rules for terms can be realized 
by the boolean algebra. 

   Next, we define the incompleteness of information systems by the following two 
types of incompleteness,
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   1) Incompleteness of the assignment function, 

   2) Incompleteness of the object set. 
Further, from now on, we assume each element of the system in Definition 1 is fixed, 

and we call this system Q truth complete system. The incompleteness implies the 

incompleteness of systems for the truth complete system Q. 

   DEFINITION 3. An incomplete system  Q1 with respect to the assignment is such that, 

                                            /{1                             1=<X, (Di)iEl,lJi)iEI> 
where, 

1)--,3) is the same as Definition 1. 

   4) f i(i E I) is a partial function from X to Di and if f i(x)(x E X) is defined, then 

fi(x)=fi(x) (fi is the assignment function of truth complete system Q.). 
If the assignment function fl is undefined for an object x, then we denote fl(x)=_L. 

The truth value of Pi(x) is fi(x), but it is not known in the system Q1. By the 

definition of f {, there exist several incomplete systems wrt the assignment, and 

hereafter Q, implies one of them. 

   DEFINITION 4. An incompletesystem Q2 with respect to the object is such that, 

                       Q2=<Y, (Di)iEI, (f i)iEI> 
where, 

   1) Object set Y is a subset of X (X is the object set of truth complete system Q.). 

2)—,3) is the same as Definition 1. 

   4) f i(i G I) is a total function from Y to Di and f(y)=f(y) for any i and any 

      object y in Y. 
In this system, there is no incompleteness with respect to the assignment, but it is 

known that there are some lack with respect to the object set. By the definition, 

there also exist several incomplete systems, and also Q, implies one of them. 

   DEFINITION 5. An incomplete system Q3 with respect to the assignment and the object 
is such that,

n//(/{                           Q 3=<Y,(Di)iEI,i)iEI> 
where, 

1)--3) is the same as Definition 4. 

   4) f
{?(i EI){i/s a partial function from Y to Di and if f i(y)(y EY) is defined, then       J i(y)=J i(y) • 

In this system, there is incompleteness with respect to the assignment, and it is known 

that there are some lack with respect to the object set. 

   Here, the relations of four systems are as follows.

                       incomplete wrt the assignment 

incomplete wrt the object 

                  incomplete wrt the assignment and the object 

‘22,SG 3
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   9: truth complete system, 

[4:  incomplete system wrt the assignment, 

93: incomplete system wrt the object, 
   93: incomplete system wrt the assignment and the object. 

   Since the question-answering of the truth complete system SZ is discussed in [6], 
from now on we discuss three types of incomplete systems. 

   First, we discuss how to realize a questionanswering based on an incomplete 

system with respect to the assignment, namely the questionanswering based on a 
system Q . For the preparation, we define a concept of extension. 

   DEFINITION 6. For any two incomplete systems and 7F' with respect to the 

assignment,
7~~                            Y'=<X, (Di)iEJ, (gi)iEI>, 

T'=<X, (Di)iEI, (gi)iEl>, 

let take any object x( X) and any attribute i(EI). If gi(x)�1 then gi(x)=gi(x) 

holds, then the system ¶' is called an extension of system with respect to the 

assignment. 

   If a system ¶' whose assignment function is a total function and it is an extension 

of a system T, then ¶' is called a complete extension of system W. Generally, there 

exist several complete extensions of T. The set of complete extensions of a system 
VI' is denoted by COEX( T), (COEX is a concatenation of the underlined parts in 

complete and extension). One element of COE_X(Sll) is constructed by replacing fl(x) 
=1 with f i(x)=d(d is one element of Di) . In general, COEX (Q1) may be infinite 

set. By the definition, truth complete system ,id is one element of COEX(Q1), but the 

system JD i can not decide which element of COEX(QJ) is the truth complete system 9.

Fig. 1. Extensions of system Q1 wrt the assignment.

   3. One Problem Concerned with an Incompleteness of the Assignment Function 

   By the definition of an incomplete system wrt the assignment in Definition 3, we 

may consider that one truth complete system is in COEX(S21). We want to realize the 

questionanswering based on an unknown truth complete system 9. But, we do not 
know which element of COEX(Q1) is the truth complete system. 

   Clearly, the following relations hold for any term t.
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 nTECOEX(21)llt117Cllt112CU1ECOEX(21)I(tII    • 

According to Section 2, we can now evaluate any query based on a complete system 

with respect to the assignment, i. e., we can calculate II t 11 qr for any WE COEX (21). 

Therefore, we can not evaluate a term based on an unknown truth complete system, 

i. e. lltll2, but we can define the lower bound and the upper bound of a response of 

II t II2 by the incomplete system Q1. 
   DEFINITION 7. For any incomplete system Q1, we define the lower bound and the 

upper bound of a response for a term t based on an unknown truth complete system Q 

as follows. 

   1) The lower bound of a response is 

n "ECOEX(Sl1)Il tJI tj • 

   2) The upper bound of a response is 

UgECOEX(.21) lI tII it • 

   In general, COEX(21) may be infinite set. Therefore, it is impossible to compute 

the lower and the upper bounds by set operations. The following problem arises. 
   PROBLEM 1. How to compute the lower and the upper bounds of a response? 

   For the problem, we want to give one interpretation, whose evaluation of a term 

agrees with the lower and the upper bound of a response. Similar to [6], we define 

the second interpretation and study its property. 

INTERPRETATION 2. The values of a term t of an incomplete system 21, denoted 
by inf ll til21 and supiltIl21, are inductively defined as follows. If it is needless to specify 

the subscript 21, we omit it. 

   1) inf(<i, B>Il =UbEB{xEX I f{(x)=b}. 

Supll<i, B>II =UbEB{xEX I f1(x)=b} 

U{XEX I fl(x)=I}. 
  2) inf 11o11=sup11611=0 (empty set). 

  3) inf II1ll =supll1ll =X (total object set). 

  4) inf ll —tll =X\supll tll • 

supll 'tll =X\inf IItII• 

  5) inf Il t+s 11=inf Il tII v in.f ll sll • 
supllt+sll =suplItlly supljSll. 

  6) infllt*sll=inflltllninfilsll• 
supllt*s11=suplltlln supllsil• 

   7) infIIt-*s11=infll^'t+s11. 

supllt--,sII =supil-t+sll. 
   DEFINITION 8. For any system 21 and any term, we define =1, =s and =1 . 

   1) If inf II tII2l=inf Ilsl(21, then we denote t=is and call t and s are equivalent with 

     respect to inf II I121. 

   2) If suplltli01=suplislI21, then we denote t=ss and call t and s are equivalent with 
      respect to supll • II21• 

   3) If t=?s and t=ss, then we denote t=1s and call t and s are equivalent with 

      respect to Q1.
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 PROPOSITION 9. For any descriptors <1, A> and <i, B>, the following equations hold. 

   1) <1, A>+<i, B>=1<i, AUB>. 
  2) <i, A>*<i, B>=1<i, AnB>. 

  3) <i, B>=1<i, BI\B>. 

[Proof] Let Q1 be an incomplete system wrt the assignment. 
  1) infll<i, A>+<i, B>1121=infll<i, A>II21UinfIl<i, B>I121 

=UaEA{ X I fi(x)=a}UUbEB{xEX 1 fi(x)=b} 
=UCEAUB { x E X I f(x)=c} = in f jl <Z, AU B> II 21. 

supll<i, A>+<i, B>1I21=supll<i, A>II21UsuPII<i, B>II21 
=UaEA{XEX1fi(x)=a}UUbEB{xeXI fi(x)=b} 

u{xEXI fi(x)=I} 
=UCEAUB{xEX I fi(x)=C}U{xEX I fi(x)=1} 
=sup11 <i, B>1121. 

   2) and 3) are similarly proved. 

PROPOSITION 10. For any terms t and s, the following equations hold. 
    1)  '(t+s)=1,-sat*,s. 

   2) "-(t*s)=1~'t+^~s. 
   3) r•d(~t)=1t. 
   4) Concerning to `+' and `*' operators, commutative, associative and distributive 

      laws hold. 

[Proof] The proof is clear by Interpretation 2. 
   By Proposition 9 and 10, for any system D1i any term t can be equivalently 

transformed to a term s in the form of 2' iHm<iim, B1 1>. 
Here, the symbol `I' implies a concatenation of finite terms by `+', and the symbol 
`11' implies a concatenation of finite terms by Y . 

PROPOSITION 11. Let Vi be one extension wrt the assignment of a system Q 1 and t 
be any term, the following relations hold. 

  1) inflltllo1Cinflltllw. 
   2) suPIItjIjCsupiltllo1. 
   3) inf ll tllo1Csuplltll o1. 

[Proof] 1) Generally, it is sufficient to consider a term in the form of Bim>. 
inf llX ill m<iim, Bim>I121 
=Uifl nJ II<iim, Blm>II21 
CUI~mZnfll <Zlm, Bim>11 T 
=inf II tll 

   2) and 3) are similary proved. 
PROPOSITION 12. If a system is complete wrt the assignment, then the following 

equations hold. 
inflltllr=lltIlr=suplltllr for any term t. 

[Proof] By Proposition 11, it is clear. 
Proposition 12 shows Interpretation 1 is a special case of the Interpretation 2. 

    PROPOSITION 13. For any term t, the following equations hold. 
    1) t+1=11, t+0=-1t. 

    2) t*1=1t, t*0=10.
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   3)  t+(-.t)� 1, t+(' t)=31. 
   4) t*(,t)=10, t*(--t)� s0. 

[Proof] Let Di be an incomplete information system. 
  3) infllt-+(' t)IIs21=infIitIIo1U(X\suplitll 1)• In general, inf It)Q1CsuplitllQ1 by Proposi

     tion 11, therefore inf lit+(-t)IIQ1CX=inf IIl III21. 
   These propositions show that the query transformation based on psuedo boolean 

algebra keeps the equivalency of terms. The most important cause that the com

plementary lows in Proposition 13 do not hold is as follows. In general, 
II <i, Di> II v =X (total object set) for any complete system, 

and _TECOEx(21)11 <i, Di>11 ?=X can be derived. On the other hand, inf ll <i, Di>Ils~1 is 
the set of the objects whose assignment is definite in the incomplete system. It shows 
that for some incomplete systems, 

nvrECoExc21) lit 11yr infIlt1121. 

In real, only for two types of trivial descriptors <i, 0> and <i, Di>, there exists a 
difference between Interpretation 2 and two bounds. By revising this point, we get 
the following theorem. 

   THEOREM 14. For any system Di, the following equations hold. 
   1) If a term t is the form of H iXm<iim, Bim>, 

      if min' then iim#iim• for any 1, and 

0�Bim Diim for any 1 and m, then 

ny-ECOEx(21)li tIl w=inf11 t1121 

(=niUminfll<iim, Bim>1121)• 

   2) If term t is the form of Ei17m<ilm, Bim>, 
      if msm' then for any 1, and 

0�BimZDiim for any 1 and m, then 

UvECoEx Q1)IItII=SupIIt1121 

(=Uinm supil <iim, Bim>1121) • 

[Proof] 1) We show mutual inclusions. 
First, we show ngEcoExc21)11 t1I ?Dinf ll tI121 for any term t. 

   By Proposition 11, inf IItil21CinflltIli, for any extension. Namely, 

inf IIt1121Cinf IltIIqr for any system T. in COEX(S21), and 

infiltlir=lltllr for any system in COEX(S21) 

by Proposition 12. Therefore, 

nyrEcoEx(21)11 t11 r Din/ II tJl21• 

   Next, take a term t which satisfies the condition of 1). we show n EcoEx I tiC 
infiitlI2l. We suppose x0E(frECOEx<21)litII \inflitll.l), then 

xoE IItilqr for any 'ECOEX(Q1) 
and 

xoEinf lI tII21.
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xo IItII, for a complete system ?P. is equivalent to there exists in such that x 0 

             n 

      Blm/;;vfor any 1. 
    Here, (f DiEZ is the assignment function of the system Q1. If there exists m such 

that 

fzim(xo)EBim for any 1, then xoEinfllt;'o1 is trivial, 

and it contradicts to xo cE inf it t;'I o1. 
    If there exists in such that 

fiim(x0)=1 and term t does not satisfy the above case, then xoe infl!t)01. 
But in this case, there exists a complete system T. such that 

x0Elit) , 

because there exists one extension gii m(xo)EDilm\Bim• gi is the assigument function 
of W. (Since the term t satisfies o#Bit m Ditm for any 1 and in, there exists at 
least one element in Ditm\Bilm for any l and in.) 

   If a term t is in the form of I iJ1 m<Zim, Bim>, then there may be a term <1, B>+ 

<i, Di\B> in the term t, i. e., the term t may contain <i, D1>. In order to exclude this 
case, we must constrain the term t in the form of IIIXm<itm, Bim>• 

   After all, there is no xo such that, 

xoEnIrECoEX IltilT\infiit!I Ql) • 
Therefore, 
                       nVECOEx(Q1)II tiI Cinf Iltlln1• 
Namely, 

nTECOEX<Q1)il t11 =infll tiiQ1 

   2) sup;itlls21=X\infll .tl)Q1 is the definition of Interpretation 2. Here, term t is in 
the form of 

I ill m<Zim, Btm> 

by the condition, and then a term is in the form of 

HtEm<Iim, Diim\Bim> • 

This term 't satisfies the condition 1), therefore the result of 1) can be applicable to 
this case. 

   Let t=G 11 m<Zim, Btm>, then 

suplitiiQ1 

                  =X\(infil•

74111.+Ql),                    =X\(ZnfII111 m<ZIm,,D

~i+im\Bim>iI21),                    _X\(nwEcoEx(Q 1)11111Gm<Ztm, Dim\Bim>iiYr) 

=X\(nTECOEXa 1)II''41I F) 

=X \(nTECOEx(.f11)(X \Iitii ')) 

=X \(X \(UtFEc()Ex(Q1) li t II 7F))
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                        UWECOEX(Q1)))t)  • 

   According to [6], any term t can be equivalently transformed to terms which satisfy 

the conditions of Theorem 14 based on a complete system. Therefore, Theorem 14 is 
applicable to any term. Namely, for any term t and an incomplete system Q1, 

n 'EcoEx(21) II t it =fl -EcoEx(Q1) I s ((, ?J (equivalent transformation based 
                                   on a complete system) 

=inf jj s;f21. (Theorem 14) 

Ur-ECOEXC21)11 t) =UECOEx(21), r)  (equivalent transformation based 
                                   on a complete system) 

=sup; r'~21.(Theorem 14)

   4. Two Problems Concerned with the Incompleteness of the Assigment 

      Function and the Lack of Objects 

   Up to Section 3, the incompleteness of informations depends upon the incompleteness 

of the assignment function. But, from now on, we also consider the incompleteness 

of the object set. Namely, we also consider the questionansewring based on two 
systems 92 and 93 in Definition 4 and 5. In this case, we always feel anxious that 

there may really be other objects which are not in the current object set but satisfy 

a condition of a term, because a range of a response is beforehand limited. 
   In our questionanswering, the response is a subset of object set, therefore there 

may be other objects which satisfy the condition of a term, but is not in the response. 

In general, these problems are rarely discussed, because the CWA for the object set is 

usually assumed. 

   In this section, we can not assume the CWA for the object set. Instead, we in

troduce the completeness information [5]. The intuitive meaning of the completeness 
information is not to assume the CWA for the object set, but to assume the CWA 

for the objects which take some fixed attribute values. We leave the precise defini

tion later. 

   First, we discuss the questionanswering based on a system 93 in Definition 4. 
In the system 93, there is no incompleteness with respect to the assignment. There

fore, the result of [6] is applicable to 92. But, there may exist objects which satisfy 

the condition of a query without a response of system 93. 

   Next, we discuss the system 93 in Definition 5, and define an extension with 

respect to the object. 

   DEFINITION 15. Let and r be any two systems, 

Y' =<l , (D1)1E1, (gi)i01> 
and 

r=<Z, (Di)i01, (hi)i01> . 

If the following conditions hold, then the system r is called one extension of ? with 

respect to the object.
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   1)  YcZ. 

   2) hi(y)=gi(y) for any attribute i and any object y Y. 

   3) (hi)iEI is a total function for any object in Z\Y. 

In real, when we construct one extension with respect to the object from a current 

system, the lacked object itself can not be known, but the assignment values of it is 

one element of Di for each attribute. Let a system T. be 

                            Y =<Y, (Di)iEI, (g1)iE1> • 

In this case, take an unknown object symbol m and define the assignment function hi for 

any i as follows. 

gi(y) (yEY), h
i(y)= 
                             an element of Di (y=--m), 

and set the system T as follows, 

T=<YU{m}, (Di)1 1, (hi)iEI>• 

We consider this system is one extension of system W. Therefore, there may exist 

false informations in an extended system with respect to the object. 

   Next, we closely define completeness information [5]. 
   DEFINITION 16. Let Q3 beany system in Definition 5. 

                                  lnl                                °°3=-07, (Di)iEI, (J ti)iEI>• 

Completeness information for an attribute i, denoted by COMP(Di), is a subset of Di 

and satisfies the following conditions. 

   1) For any yEY, if fl(y)=1, then the truth value of the object y (i. e., fi(y)), is 

      in Di\COMP(Di) for an attribute i. 

   2) For any extension system ?P of Q3 with respect to the object, ?P =<Z, (Di)iEI, 

(gi)iEI>, the truth value of any object z(EZ\Y), i. e. fi(z) is in Di\COMP(Di) 
      for any attribute i. 

We consider there exist an attribute i such that COMP(Di)=Di in truth complete 

system Q and incomplete system Q1, but we consider there is not such attributes in 

the system ,Q2 and Q3. 
   After this, we consider the case that these completeness informations are given, 

namely the new system S23 is specified by a quadruplet as follows, 

(Di)iEI, (f3a.)iEI, (COMP(Di))jEI>, 

Other notations with respect to a new system are the same as those of the former one. 
   Introduction of the completeness informations to an incomplete system with respect 

to the assignment and the object causes the following problem. 

   PROBLEM 2. How to compute the lower and the upper bounds of a response of a 

term in Definition 7 based on a new system? 

   The difference between the Problem 1 and 2 is that, in Problem 1, if f i(x)=1 

then the truth value of the object x is in Di, but in Problem 2, if [1(x)=1 then the 

truth value of the object x is in Di\COMP(Di). For the problem, we want to give
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one interpretation, whose evaluation of a term agrees with the lower and the upper 
bound of a response, respectively. Similar to [6], we define the third interpretation 
and study its property. In the third interpretation, the following should be noticed. 
If a descriptor <i, B> satisfies  B�Di and BUCOMP(Di)=Di, then clearly the truth 

value of an object x which is not definite is in B, and x E inf II <i, B> jln3 should hold. 
Next, if a descriptor <i, A> satisfies cb # ACCOMP(Di), then the truth value of an 
object x which is fi(x)=1 is not in A, and xEsuplj<i, A>11,Q3 should hold. 

   INTERPRETATION 3. The values of a term t in a new incomplete system Q3i 
denoted by inf jjtj1Q3 and supjjt)jQ3i are inductively defined as follows. If it is needless 
to specify the subscript 9„ we omit it. 

   1) inf ii<i, B>jI is as follows; 
     If B�Di and BUCOMP(Di)=Di then 

UbEB{xEX I fi(x)=b} 

U{xEXif(x)=_l..}. 
      else 

USEB{xEXI f1(x)=b} . 

supl i <i, B> II is as follows ; 
     If 0 BCCOMP(Di) then 

UbEB{xEX1 fi(x)=b}. 
       else 

UbEB{xEXI f(x)=--b} 

U{xEXI fi(x)=1.} 

2)'7) is the same as Interpretation 2. 
The following propositions hold based on Interpretation 3. 

   PROPOSITION 17. For any descriptors <i, A> and <i, B> the following equations hold. 
Here, =1, =s and =3 are similarly defined as =1, =s and =1 in Definition 8. 

   1) <i, A>+<i, B>i<i, AUB>. 

     <i, A>+<i, B>=s<i, AUB>. 
   2) <i, A>*<i, B>=1<i, AnB>. 

     <i, A>*<i, B> = 3<ti, AnB> . 
   3) ^ <Z, B> =3<Z, Di\B> . 

PROPOSITION 18. Concerning to the evaluation of any terms t and s based on Inter

pretation 3, the same equations of Proposition 10, 11 and 12 hold. 
   THEOREM 19. Concerning to the evaluation of any term t based on Interpretation 3, 

the same equations of Theorem 14 hold. 
   Next, let take the system S23 in Definition 5 and Q1 in Definition 3. In this case, 

Q1 is a truth extension wrt the object of 93, and generally, 

inf litI1o3Cinf IltIiol and suplj tiio3Csupll tilo1 

hold. Because, the object set of system 9 is larger than the object set of system 93. 
   The following problem arises.
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    PROBLEM 3. What are the conditions of a term t such that, 

inf it t1123=inf;! tll and suplitii23=sup ;t; , 

for any incomplete system Q, with respect to the assignment and the object , and its 
any extension system T. with respect to the object? 

   The purpose of this problem is to clarify some terms which is not affected by the 

incompleteness of object set in the questionanswering, and to assure that there is no 

object which satisfy the condition of the term. In general, this assurance can not be 

assumed because of the incompleteness of object set. Namely, for the term t which 
satisfies the condition of Problem 3, 

inflltll23=inflit!12, and suplitll23=suplltllQ1 

can be derived. Next, for an unknown truth complete system Q 

infl t1123=infll ti 2~Clit!12Csupll tl12i=suplltll23 
hold. Namely, 

inf Iltil23ClItil2Csuplltll23 

can be derived from current incomplete system Q3. 

PROPOSITION 20. For any system Q3 and its any extension with respect to the 

object, 

Q3=<Y, (DZ)iEI, (fi)iE1, (COMP(Di))2EI> , 

=<Z, (Di)iEI , (g1)jE1, (COMP(Di))jE,> , 

we make a new complete system r with respect to the assignment as f s 

r=<Z\Y, (Di)iEI, (gi)zE1, (CO MP(Di)),EI` 

Then, for any term t the following equations hold. 

inf ll til =inf ll tl123Ulitll r . 

Suplltll2j =SUplItI123U11tllr . 

[Proof ] Any term t can be transformed to 

G lIl m<iim, Bim> 

by the Interpretation 3. And then, 

infll tiI T=inf ll X tJ1 m<iim, Bcm>  , 

=Ui~m inf 11 <iim, Bim>il T. • 

Since there is no element of Yn(Z\Y), 

=Ul~m Znf II<Zim, Bim>1123 

UUifminfll<iim, Bim>11r 

=inf ll t1123U inf110 r •
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The system F is a complete system with respect to the assignment, 

inf''it'I r= t)j 
can be derived. It implies 

infilt','~,q-=inflitllsz3Ultr 

The proof for sup11 t Il r is similarly shown. 
   This proposition shows that the conditions of Problem 3 are ll t ,I r = 0 for any 

complete system F in Poposition 20. Therefore the following theorem can be derived. 
   THEOREM 21. For any system Q3 

Q3=<7, (Di)iE1, (J  (COMP(Di)) 1>, 

and any extension P with respect to the object, the necessary and sufficient conditions of 
a term t that satisfy 

infllt11o3=inflltll w and sup;Itlin3=supllt)tr, 

are such that 
   when the term is transformed by Interpretation 1 to 

G 1.<1,„ Bim> which satisfies 
Z 1 m � Z i m, for m � m' and any 1, and 

0�Bim Diim for any 1 and in 
   (According to [6], this transformed term can always be derived.) 

   Then, there exist a descriptor <ilm, Bim> such that B1m000MP(Diim) for any I. 

[Proof] Let F be a complete system with respect to the assignment, and whose 
object set does not contain any object of the system S23. Then, 

IItIIr=IIX1I m<iim, Bim>IIr 

                               ~Ji~mII <Zlm, Bim>II r 

If B1m.000MP(Diim) for any 1, then 

~mI <iim, Blm>11 r=0 
Therefore, II tIIr = 0. 

   On the contrary, if 11 t II r = O for any complete system F and there exists a des
criptor <i i' m-, B1, m-> such that Bi, m, crCOMP(Di i, m, ), then there exists one complete 
system A whose assignment gi is 

gi1, m, (x)E B1 m \COMP(Dii, ,n,) , 

giii(x)EB11 for any 1(,-/--1') 

Clearly, II t I I h � 0, it contradicts to II = 0 for any complete system whose object set 
does not contain any object in system S23. 

   5. Concludng Remarks 

   In this paper, we discussed the semantic issues connected with the incompleteness 
of the assignment and the object. Namely, 

   1) Concerning to the incompleteness of the assignment, the calculation method of
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      the lower and the upper bounds of a response is shown . 
   2) Concerning to the incompleteness of the object set, some conditions of terms 

      which is not affected by its incompleteness are shown. 

More concretely, four systems were defined as follows. 

 Q: truth complete system, 
Q1: incomplete system with respect to the assignment , 
Q2: incomplete system with respect to the object, 

Q2: incomplete system wrt the assignment and the _object. 
InTProblem 1, the relation of Q and Ql is discussed . 

   Where, Q1 is known and Q is unknown. For any term t, 

inf IIt1IQ1C11tIIQCsuPllt1121 

can be derived based on Interpretation 2. 

   In Problem 2, the relation of Q2 and Q3 is discussed. 

Where, Q3 is known and S22 is unknown. For any term t, 

inf IItIIf23CIItIJQ2CsUPIItli(23 

can be derived based on Interpretation 3 and the completeness informations . 
   In Problem 3, first the relations of Q and Q2, Q1 and Q3 are discussed . Where, 

eather Q2 or Q3 is known. In general, for any term t, 

inflltllsa3CinflltliQ, and suplltiJQ3Csuplitlls~l, 

Iltll02Clitll0 

can be derived. In general, if only Q3 is known then we can not prescribe the upper 
bound of II OD. But for a term which satisfies some conditions in Theorem 21, 

inflltlJQ3=infIItII21 and suplltlln3=suplltlls~1 

hold. In this case, the relation of Q and Q3 can be prescribed. Namely , in this case, 

inf 11t1103ClItii12CsuPlitllQ3 

can be derived, i. e., the upper bound of II ND can be calculated based on the incomplete 

system Q2 with respect to the assignment and the object . 
   By these discussion, we prescribed what is the sure response and what is the 

possible response, furthermore we can clarified terms which is not affected by the 
incompletencess. 

   There exist some other problems. 

   1) In this paper, we suppose that each object surely takes one attribute ualue . 
      We did not consider the case that some objects take several attribute values or 

      take no value. 
   2) How can we use and apply constraints like functional dependency in our system?
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