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S U M M A R Y

MML was  expor ted  to  un typed  f i r s t  o rde r

syntax su i tab le for  current  e f f ic ient  f i rs t

o rde r  p rovers

More  t han  500  000  t heo rem p rov ing

prob lems  a re  genera ted  d i rec t l y  and

genera t ion  o f  m i l l i ons  o f  new prob lems

of  a lmost  arb i t rary  d i f f icu l ty  is  poss ib le .

A l l  k inds  o f  theorem prov ing

exper imen ts  poss ib le ,  espec ia l l y

doma in -based  op t im iza t ion  and  t ra in ing

o f  the  p rovers



W H A T  I S  M I Z A R ?

Mizar  Proof  Language (Proof  Sty le)  -  na tura l

deduct ion  (Jaskowsk i )  -  qu i te  success fu l  -  M izar

modes fo r  o ther  proof  ass is tan ts  ( Isar ,  HOL L ight )

Mizar  Mathemat ica l  L ibrary  -  763 ar t ic les ,  a l l  based

on  common  ax ioma t i cs

Mizar  imp lementa t ion :  p roof  checker ,  o ther

command l ine  too ls

Add i t iona l  too ls  and presenta t ions :  MML Query

(search ing) ,  Journa l  o f  Formal ized  Mathemat ics

(HTML rep resen ta t ion ) ,  M iza r  mode  fo r  Emacs

(author ing) ,  e tc .



W H A T  I S  T H E  A X I O M A T I C S  O F  M I Z A R ?

exp l i c i t :  Ta rsk i -Groe thend i j ck  se t  theory

imp l i c i t  ( imp lementa t ion ) :  G loba l  Cho ice ,

t ype  ru les  and  o ther   ha rd  w i red  ru les

(dependen t  t ype  a lgeb ras? )

no  o f f i c ia l  fo rma l iza t ions  o f  the  Mizar  log ic



M O T I V A T I O N

Larges t  da tabase  o f  f o rma l i zed

m a t h e m a t i c s .

TRAIN  and  TEST cu r ren t  f i r s t  o rde r

t h e o r e m  p r o v e r s  o n  M M L

i m p l e m e n t  T H E O R E M  D I S C O V E R Y

s y s t e m s



C U R R E N T  S T A T U S  O F  T H E O R E M

P R O V I N G

seve ra l  EFF IC IENT un typed  f i r s t  o rde r

t heo rem p rove rs  (O t t e r (Eqp ) ,  Vamp i re ,

E -Se theo ,  SPASS)  -  o rde red  reso lu t i on ,

un fa i l i ng  comp le t i on  and  superpos i t i on ,

tab leau  p rov ing ,  seman t i c  b lock ing

1997   Robb ins  t heo rem  -  p roved  by  EQP a f t e r

abou t  50  yea rs  o f  human  t r i a l s

T P T P  ( T h o u s a n d s  P r o b l e m s  f o r  T h e o r e m

Prov ing )  -  used  fo r  p rove r  compe t i t i ons

(CASC) ,  much  sma l l e r  and  l ess  o rgan i zed

than  MML,  l i t t l e  sense  to  do  e .g .

doma in -based  op t im i za t i on  o f  p rove rs  on

T P T P



P R E V I O U S  W O R K  -  I L F

MML in  t he  I LF  sys tem (1997 ,1998 )  -  I ngo

Dahn ,  Czes law  By l i nsk i

expo r t  o f  MML to  P ro log  fo rma t ,

pos tp rocess ing  by  Pe r l  and  P ro log ,

inse r t i ng  i n to  a  SQL (Pos tg res )  da tabase ,

Pro log  l i b ra ry  fo r  expor t  in to  var ious  p rover

fo rmats ,  ma i l  se rve r ,  web  in te r face

un fo r tuna te ly  un f in i shed  and  hard  fo r  me to

rev i ve  comp le te l y ,  seve ra l  yea rs  ahead  o f

o ther  s im i la r  p ro jec ts



M A I N  T R A N S L A T I O N  P R O B L E M S

Miza r  i s  t yped ,  theo rem p rove rs  a re  no t ;

cho ice  o f  the  p roper  t ype  t rans la t ion

Mizar  has  add i t i ona l  p resen ta t ion  layer ,

users  do  no t  see  d i rec t l y  the  con ten t

(cons t ruc to r )  l aye r

M iza r  con ta ins  second  o rde r  r eason ings

Discover ing  the  ax ioms bu i l t - i n  in to  the

M i z a r  c h e c k e r



M I Z A R  T Y P E S

u sua l l y  de f ined  by  fo rmu las ,  so  in  fac t

p red ica tes  t rea ted  in  a  spec ia l  way  by  M i i za r

poss ib l y  t e rm-dependen t :   "Func t i on  o f  NAT ,

R E A L "

w iden ing  h ie ra rchy ,  la rges t  t ype  "se t "

Ad jec t i ves :  "non   emp ty  one - to -one  Func t i on

o f  N A T ,  N A T "

Re la t i v i za t ion :  s imp les t   method  o f  e l im ina t ion

o f  M iza r  t ypes ,  o the r  me thods  poss ib le



M I Z A R  S Y N T A C T I C  L A Y E R S

Large -sca le  fo rma l i za t i on  causes  no ta t i on

conf l ic ts

User  f r i end l iness  requ i res  s imp le  no ta t ion

So lu t ion  in  M iza r :  pa t te rn ( fo rmat )  l aye r  and

cons t ruc to r  l aye r ,  mapp ing  i s  done  acco rd ing

to  Env i ronment  D i rec t i ves  o f  each  a r t i c le ,

nont r iv ia l

T rans la t ion :  on ly  the  cons t ruc to r  layer  i s

semant ica l l y  re levan t ,  so  the  a r t i c les  a re

t rans la ted  a f te r  the  cons t ruc to rs  a re  reso lved

( I L F  a p p r o a c h )



S E C O N D  O R D E R  P A R T S

Hard  to  t rans la te

Fraenke l  ( se to f )  te rms :  " {n *n  where  n  i s

Nat ;  n  <  100} "

S c h e m e s :

scheme Separa t i on  {A ( ) ->se t ,  P [se t ] } :

ex  X  s t  fo r  x  ho lds  x  in  X  i f f  x  in  A( )  &  P[x ] ;



B U I L T - I N  A X I O M S

Requ i remen ts :  i nc ludab le  p ieces  o f  code  i n

the  imp lementa t ion  -  p roper t i es  o f  bas ic  se t

and  a r i t hmet i ca l  ope ra t i ons

Numbers ( ra t i ona l ) :  mapped  t o  Pasca l

imp lementa t ion ,  so  e .g .  fas t  eva lua t ion  o f

27*56 /9 .  Hard  to  ge t  i n  t heo rem p rove rs .

Equa l i t y  reason ing  i n  the  M iza r  checke r

any th ing  e l se?



W H I C H  T H E O R E M  P R O V E R S ?

Var ious  i npu t  f o rma ts :  TPTP,  O t te r ,  LOP,

D F G .  U s u a l l y  P r o l o g - b a s e d

Ma in  p rov ing  p rob lems :  exp los ion  o f  t ype

in fe rences  a long  the  w iden ing  pa ths  o f  t he

type  h ie ra rchy :

"  x  is  Nat"  ->  "x  is  In teger"  ->  "x  is  Real "

S P A S S  p r o v e r :  a u t o m a t e d  a p p r o x i m a t i o n  o f

the  type  theory ,  semant ic   b lock ing  o f  i l l  t yped

in fe rences  and  in fe rence  resu l t s



S T R U C T U R E  O F  T H E  T R A N S L A T E D

L I B R A R Y

Fi rs t  o rde r  expor te r  ( f o_ too l ) :  command  l i ne

too l  based  on  the  M iza r  Pasca l

imp lemen ta t i on ,  c rea tes  DFG ve rs ion  o f  t he

Mizar  l ib ra ry .

Ex te rna l  re fe rences  fo r  a l l  t heo rem p roo fs  a re

co l l ec ted  and  expor ted  too  -  "ha rd  p rob lems"  -

a b o u t  3 0 0 0 0

C h e c k e r  p r o b l e m s  ( M i z a r  S i m p l e

Jus t i f i ca t ions )  a re  co l lec ted  and  expor ted  -

"easy  p rob lems"  -  abou t  500  000



E X A M P L E  O F  T H E  T R A N S L A T I O N

theorem Th9 :

z<>0  &  x*z=y*z  imp l ies  x=y

proof

assume   z<>0 ;

then cons ider  z '  be ing  rea l  number  such tha t

A1:  z  *  z '  =  1  by  AXIOMS:20;

assume x  *  z  =  y  *  z ;

then x  *  (z  *  z ' )  =  y  *  z  *  z '  by  AXIOMS:16;

then  x  =  y  *  1  by  AXIOMS:16,A1;

hence thes is ;

end ;
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