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THE MIZAR-QC/6000 LOGIC INFORMATION LANGUAGE

A. Trybulec (University of Warsaw, Poland)

* * * *
Abstract

A logic information language is a language for the recording of
mathematical texts, including the logical relationships between elements
in it such as inferences between theorems and so on. A practical logic
information language has to be on the one hand sufficiently simple for
automatic processing and, on the other, sufficiently rich for human use.

This article gives a brief structural description of the MIZAR
language which is intended to be a practical logic information language.
A subset called MIZAR-QC is presented which is restricted to first order
calculus with a fixed set of predicate symbols which, however, can be
varied by simply changing the appropriate part of the syntactic analyser,
We are, in effect, therefore dealing really with a family of languages
with different but fixed sets of predicate symbols.

* *

The MIZAR-QC/6000 language is an implementation on a CDC 6000 which provides
the following facilities: a) translating a text coded according to MIZAR rules into
a semantic 'form'; b) activating a system for checking proofs in logical arguments.
A logic information language of the type represented by MIZAR can be used for the
following purposes: a) for checking proofs submitted by students in mathematics
teaching; b) in computer-aided proof checking, particularly checking program
facilities; c) as an input language to a mathematics fact retrieval system;

d) for the purposes of semi-automatic machine translation. It must be noted that

the main difficulties in machine translation are caused by the analysis of the
natural language text. The synthesis of the target text, on the other hand, does

not represent a serious problem. It appears, therefore, that a proper solution

would be to allow a human to translate from a natural language into a logic inform-
ation language and then call upon the computer to translate from the logic inform-
ation language into a number of natural languages. In the design of a fully-fledged
machine translation system the logic information language referred to in this context
is used as an intermediate language or an interlingua. Much work in the field of
logic information languages has been devoted to this topic.

Work on languages of this type has been underway for about ten years: one thinks
for instance of de Bruijn's AUTOMATH and Glushkov's KIEV project. Our aim was the
elaboration of a system, the use of which would not depart too radically from
accepted practices in mathematics.

The MIZAR project is a continuation of work conducted for the Plock Scientific
Society in 1975 which comprised the implementation on an ODRA 1204 computer of the
MIZAR-PC language which was designed for the purposes of computational logic, but
which was limited at that stage to sentential calculus. This language was used
experimentally in a teaching situation and can be considered to have brought positive
results.

It must be noted that the analyser of a logic information language represents

only a part of the system for most of the above-mentioned applications. For teach-
ing and for computer-aided proof checking a supplementary module, known as a proof
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checker, must be incorporated into the system and it must be parameterizable. For
teaching purposes the proof checker does not need extensive automatic proof checking
facilities, but it must be 'transparent' and must have a run time for inference
checking that is limited linearly or at least multinomially. For the purposes of
computer—aided proof checking, on the other hand, a 'rich' system is preferable and
run time limitations are not so essential, particularly when the system is being
used interactively because the user can always break in and halt the algorithm or

go into step mode. In a fact retrieval system the smallest parts of the system are
the search and data bank access procedures; data bank access would also be very
useful in computer—aided proof checking. The proof checker can be discarded alto-
gether in the case of semi-automatic machine translation. Notwithstanding the above
remarks we are of the opinion that the implementation of the MIZAR project represents
a certain step forward in the design of more advanced systems. Incidentally, the
MIZAR project was implemented using the PASCAL 6000 programming language and the
program uses a slightly modified version of the PASCAL compiler's scanmer.

The MIZAR-QC/6000 language makes use of the following symbols in its alphabet:

a) upper case letters
b) numerals
c) the following special symbols -

2, Monaoeee e SRR B W T T

Any symbols can be used within comments. The sign for the beginning of a comment
is (* and a comment ends with *). Spaces and new lines are used to delimit
identifiers and may not occur therefore in the middle of an identifier; elsewhere
they are ignored. The definition of MIZAR's vocabulary uses a number of terms
familiar to those involved with ALGOL 68 - terms such as 'indicant', 'defining
occurrence', 'applied occurrence', 'scope', for instance. The basic grammar of
MIZAR-QC/6000 is quoted below in BNF notation. Certain identifiers are used as
indicants. They are as follows:

BEGIN, PROOF, LET, CONSIDER, SET, ASSUME, THAT, SUCH, X, FOR, HOLDS, AND, THUS,
BY, BE, END.

The remaining identifiers are subdivided into the following classes:

a) labels (defining occurrence), designators (applied occurrence)
b) wvariables (defining occurrence), arguments (applied occurrence)
c) predicates (applied occurrence)

d) specifications (applied occurrence).

In order to test the translator we used the following predicates:
CONTRADECTEON P 5°Q,; "R, "Bl Q1 Rl P2; 02, R2,°P3.VQ3 R3;

the first four of these take zero arguments and the 'arity' of the remainder is
indicated by the numeral following the letter. The set of predicates is given by
means of a table and can be varied; this, however, does not apply to the contra-
diction predicate. This particular variant of the MIZAR language allows the occurr-
ence of only one specification - ANYTHING. Indicants, predicates, and the specif-
ication are treated as reserved identifiers and may not be used in other construct-
ions. Labels and their corresponding designators are local in proofs; variables

and arguments are local in proofs in existential sentences and in universal sentences.
The fact that an identifier can belong to labels and designators on the one hand as
well as to variables and arguments on the other does not cause problems because a
context sensitive recognition system is used. The defining occurrence of an
identifier must precede any applied occurrence of the same identifier. Finally, only
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the first six symbols of identifiers are significant.

In addition to the BNF grammar of MIZAR-QC/6000 we append a short example
of MIZAR coding. .

(Translated from Polish by F. Knowles)

The grammar of MIZAR-QC/6000

TEXT ::= BEGIN TEXT-BODY END

TEXT-BODY ::= STATEMENT | TEXT-BODY ; STATEMENT
STATEMENT ::= PROPOSITION JUSTIFICATION

PROPOSITION ::= LABEL : SENTENCE

SENTENCE ::= ATOMIC-SENTENCE | (COMPOUND-SENTENCE)
ATOMIC-SENTENCE ::= PREDICATE | PREDICATE [VARIABLE-LIST]
VARIABLE-LIST ::= VARIABLE | VARIABLE-LIST , VARIABLE

COMPOUND-SENTENCE ::= - SENTENCE |
SENTENCE BINARY-FUNCTOR SENTENCE | -
FOR VARIABLE-LIST HOLDS SENTENCE |
EX VARIABLE-LIST ST SENTENCE

JUSTIFICATION ::= SIMPLE-JUSTIFICATION | DEMONSTRATION
SIMPLE-JUSTIFICATION ::= EMPTY | BY LABEL-LIST :
LABEL-LIST ::= LABEL | LABEL-LIST , LABEL
DEMONSTRATION ::= PROOF DEMONSTRATION-BODY END
DEMONSTRATION-BODY ::= DEMONSTRATION-ELEMENT ; DEMONSTRATION-BODY |
CONCLUSION END
DEMONSTRATION-ELEMENT ::= ASSUMPTION | STATEMENT | CONCLUSION | DECLARATION |
CONSIDER-CLAUSE | SET-CLAUSE
CONCLUSION ::= THUS STATEMENT
ASSUMPTION ::= ASSUME CONDITIONS
CONDITIONS ::= THAT PROPOSITION | CONDITIONS AND PROPOSITION
DECLARATION ::= LET VARIABLE-LIST BE ANYTHING
CONSIDER-CLAUSE ::= CONSIDER VARIABLE-LIST |
CONSIDER VARIABLE-LIST CONDITIONS JUSTIFICATION
SET-CLAUSE ::= SET VARIABLE-LIST = VARIABLE
LABELs, VARIABLEs, and PREDICATEs are identifiers.
BINARY-FUNCTOR ::= A | V | > | =
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An example of MIZAR text

Pl is a unary predicate symbol, P2 binary, and P3 ternary.
EX means 'there exist(s)' and ST means 'such that'.

BEGIN
T1: ((FOR X, Y, Z HOLDS P3 [X,Y,z] >
(FOR X HOLDS P3 [X,X,X]))
PROOF
ASSUME THAT Z: (FOR X, Y, Z HOLDS P3 [X,Y,Z]) ;
LET X BE ANYTHING ;
THUS C: P3 [X,X,X] BY Z END ;
T2: ((EX X ST P3 [X,X,X]) > (EX X1, X2, X3 ST P3 [X1,X2,X3]))
PROOF
ASSUME THAT Z: (EX X ST P3 [X,X,X]) ;
CONSIDER X SUCH THAT zZ: P3 [X,X,X] BY Z ;
SET Xl X2, Bi=X 3
THUS C: P3 [X1,X2,X3] BY ZZ END ;
T3: ((FOR X HOLDS P1 [X]) > (EX X ST P1 [X]))
PROOF
ASSUME THAT Z: (FOR X HOLDS P1 [X]) ;
CONSIDER X ;
THUS C: Pl [X] BY Z END ;
T4:  ((EX X ST (FOR Y HOLDS P2 [X,Y])) > (FOR Y HOLDS (EX X ST P2 [X,Y])))
PROOF
ASSUME THAT Z: (EX X ST (FOR Y HOLDS P2 [X,Y])) ;
CONSIDER X SUCH THAT ZZ: (FOR Y HOLDS P2 [X,Y]) BY Z ;
LET Y BE ANYTHING ;
SET. XX = X i3
THUS C: P2 [XX,Y] BY ZZ END ;
T5: (FOR X HOLDS (P1 [X] = P1 [X]))
PROOF
LET X BE ANYTHING ;
THUS T: (P1 [X] = P1 [X]) END ;
T6: (FOR X HOLDS ((FOR Y HOLDS P1 [Y]) > P1 [X]))
PROOF
LET X BE ANYTHING ;
ASSUME THAT z: (FOR Y HOLDS P1 [Y]) ;
THUS W: P1 [X] BY Z END ;

ALLC Bulletin - 139 - Volume 6



END

T7: (FOR X HOLDS (Pl [X] > (EX Y ST P1 [Y])))
PROOF
LET X BE ANYTHING ;
ASSUME THAT Z: Pl [X] ;
SEP'¥ =X ;
THUS C: Pl [Y] BY Z END ;
T8: (((FOR X HOLDS Pl [X]) A (FOR X HOLDS (Pl [X] > Q1 [X])))
> (FOR X HOLDS Q1 [X]))
PROOF
ASSUME THAT z1: (FOR X HOLDS P1 [X])
AND Z2: (FOR X HOLDS (P1 [X] > Q1 [X])) ;
LET X BE ANYTHING ;
Ll: Pl [X] BY Z1 ;
B2 Lieett [x] s i) By 225
THUS C: Q1 [X] BY L1, L2 END ;
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