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> REROBEIBORAAL (Mizar)

» Christoph Schwarzweller, Agnieszka Rowinska-Schwarzweller, Algebraic Exten
2021Formalized Mathematics 29(1):39-47, 2021

» Christoph Schwarzweller, Ring and Field Adjunctions, Algebraic Elements and Mi
Polynomials, Formalized Mathematics 28(3):251-261, 2020

» Dedekind domains and class groups of global fields(LEAN)

» Anne Baanen, Sander R. Dahmen, Ashvni Narayanan, Filippo A. E. Nuccio A formaliz
of Dedekind domains and class groups of global fields.PrePrint arXiv:2102.02600[v1
2021

> Witt AT MLORERAL (LEAN)

» Johan Commelin Robert Y. Lewis Formalizing the Ring of Witt Vectors
(arXiv:2010.02595 2020-10-6.)

» Grothendieck's Schemes in Algebraic Geometry (ISABEL)

P 20212 T-ANthony Bordg, Lawrence Paulson and Wenda Li 2021-03-29




MizarS4J SUDBIE?—T1 )
(Update from last year TPP 2020 Nov.)

Mizar Library Scope of my research
» IZ FOE. 1. EEhIEE (mainly from Atiyah/MacDonald’ s Text
R AN AN 7\

> ARENEYEX
» OJfR-BIFOERLEE »  Zariskifi7AB
> EEIIROEAR > [BPER
> (R » IROMS (2021 Issued in FM)
_ g - » #EZRAT7) (2021 Issued in FM)
» ZIENIR (—ZE. ZEH) S (C (2
» Little Bezout(EZUEIE) U TFoERAEEOAIE
» B OELATIR » HEZRAT VIR (to be continued)
> 1ZHESARORRIIS IOl
» BNV MOREETE » Affine Algebraic Geometry(on- going)
> Buchberger?)l/j"JX‘Ad)ﬂﬁ:‘:t‘Al_’, Based on W. Fulton: Algebraic Curve

» A-ModuleDFEREDEfwE(A: Com
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Affine Space
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Mizar®iR5R

55 ‘ %23?777’(/:: Fﬂﬁo)ﬂx_c'ftb\%<7@__' IJ_‘_I&)_CL\é
» NEIDXDESN-tuples_on k K nRAINIVZERBTHACENHALEN TS,
» NINUEIRSNOBRYEL T EEN{1,2, ...,n} > k

» SEIOETIEZ I IHDDR Tk IFuncs(n, k)ELTHETALZL TS,
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KRBNES : 17T IVDED D HZERIDEREE
> klxi, %y, .., Xy | DZIERDEBmRELDREXT TATT B,
> BEVarityDVTZRAW (HTEZIENfOERESZERT
» BTFTEENCAZETIZRoots( f )ZFIALTWLS,
» ZIARF, g € k[xy, X9, ..., x, | [CDWT
» V(fg) =V({HuV(g)
»V(f+9)=V({)HNV(g)
> 4177V, ] € k[xq, %y, ..., %, | [COWVWTEEROATHBRDIZD
> Rk TIIRRIHRR TR DTEIR(FIRREV CEERAL TLVB,
b COESFTERIMIERIBROBRDHDES TUNMRL,
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RBES | 1T FIVHTED S EZERDEDEE

> klxy, Xy, o, Xy |DZIERDE R ELDREXT TATT B,

> BEVarityDV TZRAWW (HTEZIEN fOERE
» BTFEBERNCHTETIERoots( f )ZFIAL TS,
definition ::Zero set of f
let R,n;
let f be Polynomial of n,R;
func Roots(f) -> Subset of Funcs(n,[#]R) equals
{x where x is Function of n,R : eval(f,x) = 0.R};
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» S Ck[xy,x9, ..., %, | DB D ESSDEERDEHIEZLDIHE
2Dk DRESZEX IMTT B,

» B FEENCERIETIEZero (S)ZFIHULTLS,
.:reserve S, T for non empty Subset of Polynom-Ring(n,R);

definition

let R,n,S;

func Zero_(S) -> Subset of Funcs(n,[#]R) equals
:Defl7:

meet {Roots(f) where f is Polynomial of n,R : fin S};
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KRBES 1 17T FIVHTESD S EZEREDEFDEE

definition
let R,n;
let IT be Subset of Funcs(n,[#]R);
attr IT is Algebraic_Set means :Def18:

ex S be non empty Subset of Polynom-Ring(n,R) st IT =
Zero_(S);

end;
theorem Th52:
for Z be Subset of Funcs(n,[#]R) st Z is Algebraic_Set holds

ex I be Ideal of Polynom-Ring(n,R) st Z = Zero_(I)
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ﬁiﬁﬂlﬂ’ﬂ%‘\ AT VIV EDDEZERDEDES

Z 2N IATLDHDI L
%ﬁ fe(Cwpoly(a,i) = x; — a; 2D —IRDZIBEXZE AU,
definition

let n,R;

let a be Function of n,R, i be Element of n;
func wpoly(a,i) -> Element of Polynom-Ring(n,R) equals
1_1(i,R) - (a.i)*1_(n,R);

\ixi_ai {xi—ai|OSiSn—1}\

theorem Th56: = \
for a be Function of n,R holds Zero_(polyset(a)) = {a}

REZIERNOXIEATINTE S,
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ZEIDORESHEDH DI ZIANRDI T 7I

> ZEFDEIDES X(c k") £ TOLRBDLIERDERIEIATIILERDC

DL, BETFARTIR IX) EEMBDEDTHD,
definition ::ldeal of set of points X;

let R, n, X;

func Ideal_X -> non empty Subset of Polynom-Ring(n,R) equals

:Def24:

{f where f is Polynomial of n,R : X c= Roots(f)};
theorem Thé1: ::(6)

X c=Y implies Ideal_Y c= Ideal_X 3t OB SR (ZRD
theorem Th62: ::(7) Rz IRE I ULk

X c= Zero_(Ideal_X) NI,
theorem Thé3: ::(7)
X = {} implies Ideal_X = [#]Polynom-Ring(n,R)
theorem Thé4: ::(7)
X = Funcs(n,[#]R) implies {0.Polynom-Ring(n,R)} c= Ideal_(X)

> VAW (S))) = V(S),IVUX))) = I(X), [(X)DMBREATT7IL(I =1 )ER
B E7EERIET B,
» Hilbert‘s Nullstellensatz :  I1(V (1)) = VI (k:B{K)
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» Affine i _EOM#RIE 2/REIFRODFEZF LKISNIZATORZI
BICED DN =ERE

ZANRZIEN 2 I —F>zRFELTComputer
AlgebralCHfRZH IS E 3,

» FEEHIBUTCCALDINnterfacezEZEI 3
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Backup

» MizariZ, NUMECROREZTEORGERRERBRFEL T Oia e S K
nﬁ:(/\o

Christoph Schwarzweller, Representation Matters: An
Unexpected Property of Polynomial Rings and its Consequence
for Formalizing Abstract Field Theory (Proceedings of the
Federated Conference on Computer Science and Information
Systems pp. 67-72, 2018)
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