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ABSTRACT 

We describe a "QUESTION-ANSWER" in f o r m a ­
t i o n system implemented on computer BESM-6 
in t h e time-shared system. The "QUESTION-
ANSWER" system i s capable o f deducing 
f a c t s t h a t have n o t been e x p l i c i t l y g i v e n 
t o i t b y u s i n g a l a r g e data base and i n ­
t e r p r e t i n g some o f data as r u l e s o f i n f e ­
rence. The system employs a s p e c i a l p r o ­
cedure which allows not to use c o n t r a d i c ­
t o r y i n f o r m a t i o n even i f i t i s contained 
i n the data base. 

1. INTRODUCTION 

The "<3JESTI0N-ANSWER" system deve­
loped a t the I n s t i t u t e o f A p p l i e d Mathe­
matics o f the USSR Academy o f Sciences i s 
capable o f accepting v a r i o u s i n f o r m a t i o n 
and, b y u s i n g such i n f o r m a t i o n , i t can 
answer questions posed t o i t . New i n f o r m a ­
t i o n r e c e i v e d by t h e system broadens the 
stock o f i t s "knowledge" and, hence, w i d ­
ens the scope of questions t h e system can 
answer. The "QUESTION-ANSWER" system is 
multipurpose, since t h e f i e l d o f i t s ap­
p l i c a t i o n i s not f i x e d beforehand, being 
determined by the contents of the i n f o r m a ­
t i o n i n t r o d u c e d i n t o the system. When ans­
wering questions, the system c a r r i e s out 
l o g i c a l a n a l y s i s o f the i n f o r m a t i o n a v a i l ­
able t o i t ; i n the course o f such a n a l y s i s 
t h e system deduces new f a c t s t h a t are not 
e x p l i c i t l y given t o i t . Thus, t h e system 
not o n l y searches the asked-for data among 
the p a r t i c u l a r f a c t s known t o i t , but also 
c a r r i e s out deductive i n f e r e n c e i n t e r p r e ­
t i n g some o f the r e c e i v e d i n f o r m a t i o n as 
r u l e s o f i n f e r e n c e . 

When developing the present system, 
we have taken i n t o account t h e experience 
gained i n the c r e a t i o n o f o t h e r deductive 
i n f o r m a t i o n systems such as "Advice Taker" 
of J.McCarthy ( 1 ) : "SIR" of B.Raphael ( 2 ) ; 
"SQA" o f F . B l a c k (3); "DEDUCOM" o f J . S l a g -
le ( 4 ) ; "QA3" of C.Green ( 5 ) ; "ROF" of R. 
Levien and .Maron ( 6 ) ; e t c . E v i d e n t l y , 
t h e main f a c t o r s which determine the pos­
s i b i l i t y o f p r a c t i c a l a p p l i c a t i o n o f a de­
d u c t i v e i n f o r m a t i o n system are the volume 
of the data base t h e system can e f f e c t i v e ­
ly use and the high-speed of the programs 
t h a t r e a l i z e l o g i c a l i n f e r e n c e . I n t h i s 
c onnection, when developing the "QUESTION-
ANSWER" system, we t r i e d t h a t i t should 
combine the p o s s i b i l i t y of a c c e p t i n g a l a r ­
g e b u l k o f f a c t u a l data w i t h a n a b i l i t y o f 
a n e f f e c t i v e c a r r y i n g out o f t h e l o g i c a l 
a n a l y s i s of these data, so as to minimize 

t h e time needed f o r answering questions 
t h a t r e q u i r e deduction a t the "common 
sense" l e v e l . 

I t should b e noted t h a t i n case o f 
a l a r g e data base t h e r e a r i s e s a problem 
a s s o c i a t e d w i t h t h a t i n f o r m a t i o n i n t r o d u ­
ced i n t o t h e system may prove to be con­
t r a d i c t o r y . The "QUESTIOBf-ANSWER" system 
employe a s p e c i a l procedure which, on t h e 
one hand, makes i t p o s s i b l e t o remove du­
r i n g t h e i n p u t a considerable p o r t i o n o f 
the i n f o r m a t i o n which comes i n c o n t r a d i c t ­
i o n w i t h the "knowledgeof the system and, 
on t h e o t h e r hand, a l l o w s the system, when 
answering questions, not to use c o n t r a d i c ­
t o r y i n f o r m a t i o n even i f i t i s contained 
i n the data base. 

The c r e a t i o n o f a multipurpose i n ­
f o r m a t i o n system employing deductive i n ­
ference i n v o l v e s the f o l l o w i n g main prob­
lems: 

1 .Choice of a language f o r presen­
t i n g i n f o r m a t i o n and posing questions. 

2 . R e a l i z a t i o n o f l o g i c a l i n f e r e n c e , 
i . e . t h e choice o f methods which would a l ­
low c a r r y i n g o u t e f f e c t i v e l o g i c a l a n a l y ­
s i s o f t h e i n f o r m a t i o n known t o the sys­
tem w i t h a view to o b t a i n i n g requested data. 

3.Organization of the data base. 1. 
e. the choice of methods of p r e s e n t a t i o n 
and arrangement o f i n f o r m a t i o n i n machine 
memory, t h a t would ensure r a p i d i n f o r m a ­
t i o n r e t r i e v a l . 
2.LANGUAGE FOB COMMUNICATION WITH THE 

In our choice of a communication 
language we were guided by two p r i n c i p l e s , 
the f i r s t being mari mum s i m p l i c i t y o f t h e 
language adopted f o r communication w i t h 
the system and the second, i t s s u f f i c i e n t 
f l e x i b i l i t y f o r t h e system t o demonstrate 
good "understanding" i n most d i v e r s e a p p l i ­
c a t i o n s . U s u a l l y attempts are made t h a t 
the language f o r e x t e r n a l p r e s e n t a t i o n o f 
i n f o r m a t i o n should be close to a n a t u r a l 
language, w i t h language o f p r e d i c a t e c a l ­
culus o r p r o p e r t y l i s t s s e r v i n g a s t h e ba­
s i s . E v i d e n t l y , the use o f p r o p e r t y l i s t s 
f o r p r e s e n t i n g i n f o r m a t i o n i s s u f f i c i e n t l y 
convenient f o r man—system communication, 
since such a p r e s e n t a t i o n can be regarded 
as a s i m p l e s t model of a n a t u r a l language. 
On the o t h e r hand, p r e s e n t a t i o n of i n p u t 
i n f o r m a t i o n w i t h the a i d o f p r o p e r t y l i s t s 
a l l o w s easy c r e a t i o n o f a model t h a t w i l l 
p r o v i d e f a s t e r question answering t h a n 
w i t h the use o f the theorem-proving p r o ­
cedure. 
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The basic language s t r u c t u r e of the 
"QUESTION-ANSWER" system f o r forming s t a ­
tements and questions is a t r i p l e < . a t t r i -
bute> o b j e c t > <value> ( <a> <o> <•> f o r 
s h o r t ) . Such a n o t a t i o n means t h a t an a t ­
t r i b u t e <a> of an object w i t h the name 
<o> has the value <v> • For instance, the 
f a c t t h a t the colour of a car is blue can 
be expressed by the f o l l o w i n g t r i p l e : 
COLOUR CAR BLUE. An essential feature of 
such presentation of information is t h a t 
in the d e s c r i p t i o n of properties of an 
object by means of a t t r i b u t e - v a l u e p a i r s 
we use "words" whose meaning is defined, 
generally speaking, w i t h i n the framework 
of a n a t u r a l language. Properties are 
ascribed to an object which is defined by 
an i n d i v i d u a l name. An i n d i v i d u a l name 
can also be used as a value of a c e r t a i n 
a t t r i b u t e , and therefore d e s c r i p t i v e 
structures of any degree of complexity 
can be created. Though words of a n a t u r a l 
language can be used as i n d i v i d u a l names 
of objects, these words must be maximum 
unique in the sense t h a t passing over 
from one object to another should always 
cause a change of the name. I n t h i s con­
nection the use of special standard names 
of objects is allowed, these standard na­
mes being words of the form C1,C2,C3.... • 
On request of the user the system d e l i ­
vers a current fr e e standard name and a l ­
so i n h i b i t s the use of the name whose 
number exceeds the current value. 

Besides t r i p l e s proper, the langu­
age also permits the use of negations. 
i . e . structures of the form FALSE < t r i p l e > . 
Thus, in the d e s c r i p t i o n of p a r t i c u l a r 
information, employed as statements are 
t r i p l e s , negations, and also composite 
statements having the form P1 AND P2 
(where P1 is a t r i p l e or a negation and 
P2 i s a t r i p l e or a negation or a compo­
s i t e statement)• 

For the system to be able to execu­
te deductive inference proceeding from 
p a r t i c u l a r f a c t s known t o i t , i t i s nece­
ssary to specify r u l e s of inference. In 
the present system the rules of inferexice 
have the form of c o n d i t i o n a l statements! 
IF <condition> THEN <consequence> • 
T r i p l e s describing the c o n d i t i o n and the 
consequence besides words contain variab­
l e s of the form X1,X2,X3,.»* • For examp­
l e : IF SMALLER X1 12 AND EQUAL X2 X3 TBM 
SMALLER X1 X3. 

Hence, the "knowledge" of the sys­
tem can be defined as a set of f a c t s pro­
vable w i t h i n the framework of the f o l l o ­
wing formal theory. 

1. Atoms: words, i . e . s t r i n g s of 
l e t t e r s and/or numerals. 

2. Elementary propositions: <axo> 
<v> or FALSE <axo><v> (where <a> , 
<o> , <v> are atoms). 

3. Axioms: a set of p a r t i c u l a r e l e ­
mentary propositions known to the system. 

4. Rules of inference: methods of 
combining elementary propositions, t h a t 

generate new elementary propositions. The 
r u l e s of inference have the form: IF A1 
AND A2 AND...AND Am THEN B1 AND B2 AND... 
AND Bn, where Ai. and B j ( 1 < i < m , 1<j<n) 
are elementary propositions extended by 
attaching variables X1,X2,X3... as addi­
t i o n a l atoms. 

Elementary questions t h a t can be 
posed f o r the system to answer have the 
form <a> <o> <v> ? and FAIfiB <a><o>or>? 
The system can also be asked a composite 
question consisting of several elementary 
questions, e.g. COLOUR CAR BLUE AND SIZE 
CAR LARGE? . Possible answers of the sys­
tem to these questions are "Tea", "No" 
and "UNKNOWN". Moreover, the system can 
be asked questions which require enumera­
t i o n of answers. T r i p l e s in such questions 
contain variables of the form K1,K2,K39«- • 
When answering questions t h a t require enu­
meration of answers, the system selects 
appropriate values of the variables and 
thus forms a set of answers. N a t u r a l l y , 
a question r e q u i r i n g enumeration of ans­
wers may be composite, and in t h i s case 
the values selected f o r the same v a r i a b ­
les entering i n d i f f e r e n t t r i p l e s are 
matched As the answer to a question r e ­
q u i r i n g enumeration of answers the system 
d e l i v e r s a sequence of records in the 
question format w i t h the values s u b s t i t u ­
ted f o r the variables. I f n o appropriate 
values can be found f o r the variables en­
t e r i n g i n t o the question, the answer to 
such a question w i l l be "Unknown". 

It should be pointed out t h a t when 
a c e r t a i n p a r t i c u l a r statement i s commu­
nicated to the system, t h i s statement is 
not entered at once i n t o the data base, 
but the system i t s e l f p r e l i m i n a r i l y sub­
s t i t u t e s i t b y a question. I f the answer 
to such question is "Tes" or "No", the 
system does not accept t h i s f a c t and ans­
wers, r e s p e c t i v e l y , either:"Known" or 
"Statement contradicts to f a c t known to 
system". The system also checks the i n c o ­
ming new rules of Inference f o r novelty 
and consistency w i t h the "knowledge" i t 
has a t the moment. To t h i s end. the sys­
tem f i r s t of a l l checks the d e d u c i b i l i t y 
of the consequent of a given r u l e from 
the conditions determined by i t s antece­
dent, using the already known r u l e s of 
inference. The system also checks whether 
any p a r t i c u l a r f a c t s contradictory to the 
r u l e of inference being checked are dedu­
ctible. Thus, the deductive p o s s i b i l i t i e s 
of the system are used f o r data i n p u t check 

Besides statements and questions, 
means of communication w i t h the system 
are furnished by p r e s c r i p t i o n s , . The use 
o f p r e s c r i p t i o n s makes i t possible t o ob­
t a i n a d d i t i o n a l information, change the 
state of the data base, etc. 
P a r t i c u l a r l y , the user can require t h a t 
the system should present the proof of 
the answer it gave to the preceding ques­
t i o n . He can also require t h a t the system 
should " f o r g e t " a c e r t a i n p a r t i c u l a r s t a -
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tement o r r u l e o f I n f e r e n c e . 

3.ORGANIZATION OF THE SYSTEM 

A l l words e n t e r i n g i n t o every i n ­
coming message are encoded by u s i n g a spe­
c i a l d i c t i o n a r y . Therefore the i n t e r n a l 
p r e s e n t a t i o n o f t r i p l e s has a simple f i x e d 
s t r u c t u r e , so t h a t such s t r u c t u r e s can be 
e f f e c t i v e l y searched f o r and compared. 

4-,EXAMPLE 

The example g i v e n below is a r e c o r d 
of a dialogue a c t u a l l y conducted w i t h the 
"QUESTION-ANSWER" system w i t h the a i d o f 
a t i m e - s h a r i n g t e r m i n a l on the computer 
BESM-6. N a t u r a l l y , t h i s simple example 
which i s p u r e l y i l l u s t r a t i v e i n character 
demonstrates o n l y some p o t e n t i a l i t i e s o f 

the system t h a t is capable of solving f a r 
more complicated, problems. 

In the operation of the "SJJESTIOH-
ANSWER" system the answers of the machine 
are p r i n t e d w i t h indentions. 

When answering questions, the sys­
tem carries out deductive inference by 
comparing questions with the consequents 
of the rules of inference and processes 
subquestions obtained from corresponding 
antecedents in the same manner as the 
questions. F i r s t the very tree of inferen­
ce is constructed, with due accovint of 
cycles that may originate, and measures 
are taken that elimination of such cycles 
should not cause loss of answers. Then the 
constructed tree is used by the search 
procedure of "depth-first" type to obtain 
answers. Preliminary constructing of the 
inference tree offers a p o s s i b i l i t y to i g ­
nore non-resultant branches in proof pre­
sentation. 

As has been noted above, when dedu­
cing answers, the system does not employ 
contradictory Information. This is ensu­
red by storing the current s i t u a t i o n a f t e r 
the obtaining of answers to each sub ques­
t i o n and by making an attempt to obtain 
answers to the negation of a given sub ques­
t i o n . If answers to the negation of the 
subquestion are obtained, contradictory 
answers are excluded from the l i s t of ans­
wers to the subquestion proper. The revea­
led contradictions are stored and can be 
delivered on request of the user who, t o ­
gether with the answer to the question, 
then receives a message about the presence 
of contradictions in the data base. 

One of the main factors determining 
the system effeciency is the organization 
of information f i l e s . The "CJJESTION-ANSWER" 
system employs various information structu­
res, namely, l i s t s , trees, mixed tables, 
ordered f i l e s . Similarly to the case of 
the "RDF" system, the data base in our sys­
tem consists of three f i l e s , each of them 
being ordered with respect to one of the 
t r i p l e positions. This allows rapid rea­
dout of the necessary data. To minimize 
data recording time, the memory is made 
two-staged. The incoming information is 
f i r s t accumulated in a special ( r e l a t i v e l y 
small) buffer and, a f t e r the buffer i s f i l ­
led, t h i s information is merged with each 
of the three f i l e s . 
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5 CONCLUSIONS 

The "9JESTI0N-ANSWKR" system is 
w r i t t e n I n the autocode o f the computer 
HESM-6. The program c o n t a i n s about 9,000 
i n s t r u c t i o n s . By now t h e system has been 
t e s t e d In s o l v i n g a number of problems 
( p a r t i c u l a r l y such simple b u t I n a c e r t a i n 
sense " r e f e r e n c e " problems as "Monkey and 
Bananas", "Mikado" e t c . ) . The system an­
swers questions q u i t e r a p i d l y . Thus, f o r 
example, the s o l u t i o n of the "Monkey and 
Bananas" problem takes about 0.01 second 
o f the processor t i m e . During the t e s t s 
the data base of the system c o u l d c o n t a i n 
more t h a n 4,000 statements. P r i n c i p a l l y 
the volume of the data base Is determined 
by t h e c a p a c i t y of t h e d i s c memory and 
can be s u b s t a n t i a l l y i n c r e a s e d . Our nea­
r e s t p l a n s f o r t h e development o f t h e 
system i n c l u d e a c e r t a i n e x t e n s i o n of t h e 
language t o communicate w i t h i t , a s w e l l 
as the uee of s p e c i a l h e u r i s t i c s w i t h a 
view t o f u r t h e r improving i t s work. 

We b e l i e v e t h a t systems of t h e 
"QUESTION-ANSWER" type may prove u s e f u l 
n o t o n l y f o r s o l v i n g i n f o r m a t i o n r e t r i e ­
v a l problems, b u t may a l s o c o n s t i t u t e an 
i m p o r t a n t component in a number of o t h e r 
systems being developed w i t h i n the frame­
work o f the " a r t i f i c i a l i n t e l l i g e n c e " 
p r o j e c t , such as systems f o r u n d e r s t a n d i n g 
n a t u r a l language, a n a l y s i s o f scenes, p l a n 
n i n g o f a c t i o n s , e t c . 

RERENCES 

1. J.McCarthy, Programs w i t h common sen­
se, Symp. Mechanisation of Thought 
Processes, Teddington, Nat.Phye. 
Lab., 1958. 

2. B.Raphael, A computer program which 
"understands", Proc. AFIPS, F a l l 
J o i n t Computer Conference, v o l . 2 6 . 
1964. 

3. F.Black, A deductive question-answe­
r i n g system, Semantic I n f o r m a t i o n 
Processing, MIT Press, Cambridge. 
Mass., 1968. 

4. J.R.Slagle, Experiments w i t h a deduc­
t i v e question-answering program, 
Communications of t h e ACM, v o l . 8, 
No. 12, 1965. 

5. C.Green, Theorem-proving by r e s o l u t i o n 
as a b a s i s f o r question-answering 
systems, Machine I n t e l l i g e n c e , v o l . 
4, Edinburg Univ. Press, 1969. 

6. R.E.Levien, M.E.Maron, A computer sys­
tem f o r i n f e r e n c e e x e c u t i o n and 

data r e t r i e v a l , Communications o f 
t h e ACM, v o l . 10, No 11, 1967. 

830 


