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SR ZITH D E R

Definition

n>1%2HAME T 5. BEGRBEZHEKX f(x, ..., x) PUFZHATH 5
CIHMERDEW L 0 € G2V T f(Xa(1)7 aa -Xa(n)) = f(Xl, o ,X,,) TH5
LEZED.
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SR ZITH D E R

Definition

n>1%z2BHRMET 2. BEHRBZIEX f(x, ..., ) BDUHZHEATH 2
LRMEREDER L € G, 12DV T f(Xa(l), e Xo(n)) = f(Xl, boa ,X,,) TH5
LEEED.

v

Remark

DED Zx, ... x| ND S, DEHRRIEFNCE T 3 LEEH 5
ZIx1,..., )% DITLDOZ L TH 5.
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FASIFRA

Example
n>1,1<i<nzZHARKLT2. 2O EnEZHZHEN e %

&= 11 ~o

1<k <-<ki<n1<j<i

TED B ZIUINMZIERICR . I 2 AN & FER.
72 ZiEn=30Dr =%

€1 = X1 +X2+ X3
€ = X1X2 + X2X3 + X1X3
€3 = X1X2X3

Th5.

VARVARE -3 378N A BRizonT March 20, 2026
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FERIOFR

Example
n>1,i>1%ZHARBL TS 0L EnERZHEK p &
pi = z:d
1<k<n

TED D ZHUIHHZERICK 2. 22 EXHR & FER.
72z n=3Dk =

p1 = X1+ X2+ X3
_ 2 2 2
P2 = X +Xx5+Xx3
_ 3 3 3
p3 = X3 +x5 +Xx3

TH5.
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NPT D BeA 7

Theorem

EEOBBRBONHZIHRIEANHRDOZHAT-ENICEEZLES
N3, LED>TZx,...xn)% =Zler,...,e,) TH 3.
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NPT D BeA 7

Theorem

EEOBBRBONHZIHRIEANHRDOZHAT-ENICEEZLES
N3, LED>TZx,...xn)% =Zler,...,e,) TH 3.

Example

A EARNMATEERL TAHAD L

P1 = €&
pp = e —2e
p3 = ef — 3e1er + 3e3

R85,

VARVAREST: 24N A BRizonT

March 20, 2026 7/52



NPT D BeA 7

Theorem

EEOBBRBONHZIHRIEANHRDOZHAT-ENICEEZLES
N3, LED>TZx,...xn)% =Zler,...,e,) TH 3.

Example

A EARNMATEERL TAHAD L

PpL = €&
P o= &2
p3 = ef — 3e1er + 3e3

R85,

REM]: R 2 EAH A TE & Ty BRI D 25 ?

JARVEANE:S: 1§ 37BN
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1SESE

Definition

n ZEHETER 2 FBUCH D £ 1CBIT 2T RIVERN E(x 1), P(x; t) %
E(x;t) = Z eyt

P(x;t) = Zp—kktk
k=1

YEDD. I Thk=012OWTe=1k>nlZOWVWTe=0%273%. )

A BRizonT March 20, 2026 8/52



FASH PR D BERE%L

Proposition




FERTFR I D BERE X

Proposition
exp(—P(x; t)) = E(x; —t). J

o = = E T 9an




LCasE

P(x: 1)

i k
: Z?t
—i

X BlcownT

it
V)

2




Proof.
HELTAZL

P(x;t) = ip—kktk
k=1
Gt G

k=1

A BRizonT March 20, 2026 11/52



Proof.
HELTAZL

P(x; t)

— P
k K
—t
>
k=1

o0

3 (xat)k+ -+ (xnt)k

k=1

- Z log(1 — x;t)

i=1

A BRionT March 20, 2026
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Proof.

SELTAS L
P(x;t) = Ph pk
il
(xat)k + -+ (xnt)k

= Z:l ”

k=1
= — Z log(1 — x;t)

i=1
= —log <H(1 - x,-t))
i=1

A BRizonT March 20, 2026 11/52



Proof.
HELTAZL

P(x;t) = Z'D—kktk
k=1

k=1
= — Z log(1 — x;t)
i=1
= —log <H(1 - x,-t))
— —log(E(x; ~1)).

B TFRE2H 5.

VARVAREST: 24N A BRizonT March 20, 2026
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Newton's formula

Pn— Pn—te1+ -+ (=1)" pren_1 + (—1)"ne, = 0

Theorem J




Newton's formula

Theorem

Pn — P11+ -+ (=1)"pre,1 + (—1)"ne, = 0

Remark

2 RIAENC W AUSEAN IR 2 i > TR Z & < X5

N5, HICTHBEBRET HUIFERNI 2 i > TRANHASE T 5
LHbhrs.

v

PR EE R R

A BRizonT March 20, 2026 12 /52



TeZEn=30rE%ER5.




2 ZEn=30LE%EZ5.
ijﬁ61=X1+X2+X3=p1VG%%.




72 ZEn=30rx%EZ5.
ifel=X1+X2+X3=p1"C“%5.
>j_\'0:ez EEZLE

€& = X1X2 + XoX3 + X1X3

1
= 3 (a+x+x3)2 = (G +3 +x3))

1
= E(Pf - Pz)

A BRionT March 20, 2026

13/52



2 ZEn=3DLEREZ5.
ifel=X1+X2+X3=p1"G%5.
RZe®EZDL

€& = X1X2 + XoX3 + X1X3

1
= 3 (a+x+x3)2 = (G +3 +x3))

1
= E(Pf—Pz)
FIREICEIE T2 &
oola 11
3—6P1 2PlP2 3,03

b, ZOXDICERBIREICEoTLE S,

VA RVAARESS$- 378N A Bizont March 20, 2026

13/52



Proof.

o XZDaED 5
exp(—P(x; t)) = E(x; —t).

Miid% t TH LT
0 0
— (&P(X, t)) E(X, —t) = EE(Xv —t)

Bt Z L TEHRE2E 5. O

VARVAREST: 24N A BRizonT March 20, 2026 14 /52




TR ZE L D AR

B ZIx1, - Xny Xns1] = Zlxa, - x0] 20 < n LT X = X,
i=n+ 1122V TI xpp1 — 0 TED S & ZAUIIH Z 0 RUTHE T
X 51T, BAMIAZEARNMACHET. 22 TlimZx,...,x,] D&
BRELTZe,e,...]8EZABIENTEXS.

VARVAREE §: 3/

A BRizonT

March 20, 2026 15 /52



Outline

O \ring




J]

r‘.%t{l;
S
S
P

iRZD1

Definition
n,m>0%FERKETE. 2oL ZZHEA

g(t) = II @+x...x,1

1< < <im<nm

D t" DIRENE x1, ..., Xom AT 2 RHFRRUCT2 D . LS o TR D
AEHED DD nm ZBDOZIAK Py m(ut, ..., Upm) B—RITFELTZ
DIFEE Ppm(er, ... enm) EEL ZENTES.

VARVARE -3 378N A BRizonT
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Definition

h(t) = [T (0 +xiyt)
ij=1
D n ROFEIZL x;, y; ZHZHCBL TSR 2. Lo THd%
W Po(ur, .. upva,y .oy vn) DIFIEL T Z OfRE R
Pp(er(x), .- en(x);e1(y),---,en(y)) EEL ZEDTES.

VARVAREST: 24N A BRizonT March 20, 2026 18 /52



comonad

Definition
C*B, T:Co C%BF, ¢ : T—id,n: T— T>?2EAREHL T3,
# (T, e,n) 23 comonad TH 2 kid, LFORHEZE/-FTLE2F 5.

n
T—— T2 T
[T o
7 TT eT v Te

A BRizonT March 20, 2026 19 /52



coalgebra

Definition

C%F, T%2ZDLE®Dcomonad ¥ §3%. T-coalgebra ¥ IIXI5R c € C 2§

fic— TcODMHTH> TUTFDOREMERHT-THDEES.

c
. Tc
fj V c——Te T
Tf
Tc —>€C c

VARVAREST: 24N A BRizonT March 20, 2026
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comonad 2» H1E & 4 5 FlfE:

(T,e,n) % C LD comonad £ T2 X, (FEDOMNGE c € CIZOWT
(Tc,n: Tc — T2c) & T-coalgebra iI272 .

A BRizonT March 20, 2026 21/52



comonad 2 5 1E & 41 5 [

(T,e,n) % C LD comonad £ T2 X, (FEDOMNGE c € CIZOWT
(Tc,m: Tc — T?c) 1% T-coalgebra 1272 %.

COMMZEDBEF T : C — T-coalg 21%%. ZHUISHIBETF
T-coalg — C DAkt Z 52 5.

VARVAREST: 24N A BizowT March 20, 2026

21/52



## D comonad

Definition
AR AL, BAENA) =1+ tA[[t] 2B X 3. TDLEDILO0A, 1 &
“IHEE A, XA B ZNENRTED 5.

0h = 1
In = 1+t
f+/\g = fg
1+Zan x/\(l—i—th = 14> Pa(ar,...,an by,..., by)t"
n=1

VARVAREST: 24N A BRizonT March 20, 2026 22/52



## D comonad

Definition
AR AL, BAENA) =1+ tA[[t] 2B X 3. TDLEDILO0A, 1 &
“IHEE A, XA B ZNENRTED 5.

0h = 1
In = 1+t
f+/\g = fg
1+Zan x/\(l—i—th = 14> Pa(ar,...,an by,..., by)t"
n=1

Proposition

VARVARE -3 378N A BRizonT March 20, 2026 22/52



AtAHD 7 4 77

IHECOWT T —OLERC 2 Z 2L . & 2 TREEOHEEER)
ZRLTAD.




AtAHD 7 4 77

IHEIZDOWT 7 — RT3 Z 2 IEH S . 2 2 CTIRREOFE S

ZRLTHD.
AZRFHER, F=1+32 ant", g=1+>0 byt", h=1+ 52 c,t”
EBL. T3 e RERT

R:Z[al,ag,...,bl,bg,...,cl,CQ,...]—>A

DHARICEX .

PR EE R R
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AtAHD 7 4 77

IREICOWT 7 —NVERC 2 Z LIS H. & 2 TIREEOEEEL]
ERLTAD.

AZRFHER, F=1+32 ant", g=1+>0 byt", h=1+ 52 c,t”
LBL. T3 eRERR

R:Z[al,ag,...,bl,bg,...,cl,CQ,...]—>A

DHARICEX .
ANOBEFHID, &0 S> A=R & LTAFBAL T X\,

VARVAREE §: 3/

A BRizonT March 20, 2026 23 /52



D7 4 77

G R— S =IlimZx1,x2, .. y1, Y2, 521,22, ... | DY aj, by ¢; B ENE
A Xn, Yy Zn D 1 RDFEAMIZIHAITE S KO ITED 5.

A BRizonT March 20, 2026 24 /52



AtAHD 7 4 77

G R— S =IlimZx1,x2, .. y1, Y2, 521,22, ... | DY aj, by ¢; B ENE
A X, Yn, Zn D | ROFEARNFZIAARUICE S LS ITED 5.

T2, MHROBEATHI D CRZHEHTHSE. IoT, NDEEER
X, FEIND AR) = AS) DEFTHLZeBbrd. Ko THY

Mo fg, h DIRBUIZNZN x,, v, 2o DEARFHFATEITHE LT
BNy

JARVEANE:S: 1§ 37BN

A BRizowT

March 20, 2026 24 /52



AR 7 4 77

G R— S =IlimZx1,x2, .. y1, Y2, 521,22, ... | DY aj, by ¢; B ENE
N X, Y, Zn D 1 RDFERNIFZIHAUTE S LS ITED 5.

T2, MHKOBEATHEI D CHIIHEHFTHS. Lo T, NOERL A
R, FBEEIND AR) = ANS) bHEFTHZ Zehbh b, ko THRA
M5 f,g, h DRI ZENEN Xy, yn, 2 DEANHRTHEITITNEE LT
v, ZoBE

(Fxpag)xpah = (1+ Z Pa(ei(x),...,en(x),e1(y),...,en(y))t") xa h
n=1

= (JT@+xiyt) xa (14D en(2)t")
=1

ij>1 n=
= H (1 + xjyjzxt)

ij,k>1
= f X (g XA h)

JARVEANE:S: 1§ 37BN

A BRizonT March 20, 2026 24 /52



D comonad

Definition
AZAHERE T2, ZOLEEBRe: NA) > AZRXTED 5.

(o)
e(1+ Z ant") = a1
n=1

A BizownT



# D comonad

Definition
AZAMHIRE 35, ZOL EF e : NA) > AZRTEDS.

(o)
e(1+ Z ant") = a1
n=1

Proposition
CHIREREITH 5.

A BRizonT



D comonad

Definition

ARTIEIRE T2, 2O EEMHn: N(A) —» N2(A) R R TED .

oo oo
N1+ ant") =1+ byt"
n=1 n=1

b, =1+ Z e (S P e [

m=1

A BRionT March 20, 2026

26 /52



## D comonad

Definition

ARTIEIRE T2, 2O EEMHn: N(A) —» N2(A) R R TED .

oo oo
N1+ ant") =1+ byt"
n=1 n=1

b, =1+ Z e (S P e [

m=1

Proposition
ZHIIRERIBITH 5.

A BRionT March 20, 2026

26 /52



D comonad

(A, e,n) \ZAIH#ER D LD comonad TH 5.

Proposition J




D comonad

Proposition
(A, e,n) \ZAIH#ER D LD comonad TH 5.

Definition
A-coalgebra @ Z & % \-ring & L5,




b o & BN ER
Definition
A-ring LIEAMHIR R E BEAR A" : R — R(n > 0) DT H - TLU R %27z
THODIZ L.
9 \N(x)=1.
9 M\ (x) = x.
Q n>2iTHL A"(1) =0.
Q N(x+y)=>iijn N ()X (y).
9 \'(xy) = Py(AL(x), ..., A"(x); AL(y), ..., A"(y)).
QO \"(A\"(x)) = Ppm(AY(X), ..., A"M(x)).

FOEWRTD A\ring RBEBHZ &, §t A\t : R — A(R) 23

o0

Ae(x) =1+ Nt

n=1

TEF5.

VARVARE -3 378N A BRizonT March 20, 2026 28 /52



—fEmr bbb

A-ring D EARII7LEED S, M-ring DEDGR, KMBREZFOZ L, &
BH=F \-Ring — Ring DBRZ RO Z & b 5.

VARVAREST: 24N A BRizonT March 20, 2026 29/52



—fEmr bbb

A-ring DERIRIERRD &, ring DEIMIR, REREZzFOZ &, &
BT \-Ring — Ring MR Z{RD Z £ 3D D%

X o ChHEfFRAFE X D, SHEF LR F - R/ng — M\-Ring 2> Z
AV oYILY

VARVAREST: 24N

A BRizonT

March 20, 2026 29/52



—fEmr bbb

A-ring D EARII BT S, A-ring DEIDWR, RGREF-OZ 2 =
B8=F \-Ring — Ring MR Z RO Z & D3 5

X o ChHEfFRAFE X D, SHEF LR F - R/ng — M\-Ring 2> Z
Ebhrb.

—77 comonad IZ & 2 EFED 5, SHBEFOERETED A : Ring — M\-Ring
THEZONZ Z b5, FHOSHBEFIERME 2 /D,

VARVARE -3 378N A BRizonT March 20, 2026 29 /52



51

ZIIFEER OB DN RZ DT, F 72 — NZ) H—BIHFEET S, Zad
7. L DME—D A\-ring structure 52 %.

A BRizonT March 20, 2026 30/52



51

ZIIFEER OB DN RZ DT, F 72 — NZ) H—BIHFEET S, Zad
7. L DME—D A\-ring structure 52 %.
ZDHNX Z OFEHRAIIC 1 & NZ) DFIEHNMIT L+ t 1B

VARVAREST: 24N A BRizonT March 20, 2026 30/52



51

ZIIFEER OB DN RZ DT, F 72 — NZ) H—BIHFEET S, Zad
7. L DME—D A\-ring structure 52 %.

ZOFNE Z OFEHNIIT L % NZ) DFIEHNITT L + t 1T, Lizdio
TN =1+t)"TH3. FHZn>11Z2O0WT A (n) =, TH 3.

VARVAREST: 24N A BRizonT

March 20, 2026 30/52



51

R% Mring £ 55%. 2D& Z R[x] LD A-ring structure 23 A\¢(x) = 1 + xt
WWEoTEES.




51

R% Mring £ 55%. 2D& Z R[x] LD A-ring structure 23 A\¢(x) = 1 + xt
WEoTEES. ThzighiRTZeick b n ZHEZHAR R[x, ..., x4
B2 Ne(x) = 1+ xt 2§72 3 A-ring structure YA % .

Remark
ZDEIZ, Me(x) =1+ xt /72T TILx DI &% 1L RILOTLE FER. 1K
TEDTL X1,y Xp WU TUE A+ +x0) = L4+ D00 en(x)th &7 5.

VARVAREST: 24N A BRizonT March 20, 2026 31/52




;(\|*/|\5571§ ﬂ D7 3 n
= S A-ri
-ring

Z[Xl
seees Xn] 1 A(
t Xi) =1 i
+ x;it &7z 3 A-rin
g structure i,




WFRZIHA D723 A-ring

Z[x1, ..., xn) 1E Ae(xi) = 14 xit Zii7=3 A-ring structure Z#2.
& ZATZDORRZE > THE SN2 Aring lim Z[xq, . . ., x,] \EFZIEK
@ﬁj_}% Z[el, €, .. ] %ﬁ@

VARVAREST: 24N A BRizonT March 20, 2026 32/52



WFRZIHA D723 A-ring

Zx1, - xn) EAe(x) = 1+ xit 25723 A-ring structure ZHfD.

L ZATZDMRZE > TR SN S Aring limZ[xq, . . ., x,] {F0FRZIHK
DRTER Zer, e,...] ZETL. TOMWMAEIE N ICHL 2DT,

Zle1, €,...] 1% A-ring structure 23FFE XN 3.

VARVAREST§ 3/EN A BRizonT March 20, 2026 32/52



WFRZIHA D723 A-ring

Zx1, - xn) EAe(x) = 1+ xit 25723 A-ring structure ZHfD.
& ZATZDORRZE > THE SN2 Aring lim Z[xq, . . ., x,] \EFZIEK
DB ITE Zer, e2,...] AL, TOHAEII N ICHT 2DT,

Zle1, e,...] 1T A-ring structure DSeAE XN 5. RIZZHH F(Z[x]) &
BRoTWa,

VARVAREST: 24N A BRizonT

March 20, 2026 32/52



Outline

© Adams operation




Adams operation

R % A-ring, xER T 5.




Adams operation

R % A-ring, xER T 5.
ZDY ZE \ring DYt Z[ey, e5,...] > RTHoT ey = xR2DDHP—E
WHAET 5.

A BRizonT March 20, 2026 34 /52



Adams operation

R % A-ring, xER T 5.

ZDY ZE \ring DYt Z[ey, e5,...] > RTHoT ey = xR2DDHP—E
WHAET 5.

2D EFEMAHA pp DITEILEE Yk (x) £EFL.

VARVAREE §: 3/

A BRizowT

March 20, 2026 34 /52



Adams operation D 5l D & F&

E(x;t) & P(x; t) DBfR=

exp(P(x; t)) = E(x; —t)

EEET B L




Adams operation D | D EFz

E(x;t) & P(x; t) DR
exp(P(x; t)) = E(x; —t)

EEET B L

Zpktk = tgP(x; t) = t2 log(E(x; —t))
e ot ot

Z1%%.

VARVAREE §: 3/ A BizownT

March 20, 2026
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Adams operation D | D EFz

E(x;t) & P(x; t) DBfRK
exp(P(x; t)) = E(x; —t)

EEET B L

0 0
k _ ) — o
kg 1pkt“ = t—at P(x; t) tat log(E(x; —t))

RE
jﬁ
N
N
&
R¥
i
94
Y’

T Adams operation DRFEEEL :(x) &

V() =~ Tog(he(x)

CEERTIENTES.

BT NS E 72 2 A BicowT March 20, 2026

35/52



Adams operation DTHEE

Proposition

R% \ring 2 §%. 2O ELIRHAHDILD.
Q o IFIEM.
Q 1 XILDIT x IZ2WT f(x) = x'.

A BRizowT



IEMEDFERA

E35)

D-4(0) = - 1og(A(0)) = 0

IDEED i 122\ T 4(0) = 0.




IEMEDFERA

E35)

D-4(0) = - 1og(A(0)) = 0

IDEED i 122\ T 4(0) = 0.
FAEEDITa, be RIZTOWT

Vot b) = —t1 log(n(a+ b))

VARVAREE §: 3/ A BizownT
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IEMEDFERA

E35)

D-4(0) = - 1og(A(0)) = 0

IDEED i 122\ T 4(0) = 0.
FAEEDITa, be RIZTOWT

Vot b) = —t1 log(n(a+ b))

— —t% log(At(a)Ae(b))

VARVAREE §: 3/ A BizownT

March 20, 2026

37/52



IEMEDFERA

E35)

D-4(0) = - 1og(A(0)) = 0

IDEED i 122\ T 4(0) = 0.
FAEEDITa, be RIZTOWT

Vot b) = —t1 log(n(a+ b))
— —t% log(At(a)Ae(b))
= —t% log(A¢(a)) — t% log(Ae(b))

VARVAREST§ 3/EN A BRizonT March 20, 2026
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IEMEDFERA

E35)

D-4(0) = - 1og(A(0)) = 0

IDEED i 122\ T 4(0) = 0.
FAEEDITa, be RIZTOWT

Vot b) = —t1 log(n(a+ b))

— —t%log( (a))\t(b))

= —t% log(Ae(a)) — t— log(A¢(b))
= Y_¢(a) +1p_¢(b)

XOmiERER%.

VARVAREST§ 3/EN A BRizonT March 20, 2026 37/52



1 RITDILDR % FEu

XERMDIXIT, DFD M(x) =1+ xt ZiZcT T 5L




1 RITDILDR % FEu

XERMDIXIT, DFD M(x) =1+ xt ZiZcT T 5L

0
Y_i(x) = —to log(Ae(x))




1 ZTTDITDHR % FEW

XERMDIXIT, DFD M(x) =1+ xt ZiZcT T 5L

0
Y_e(x) = —to log(Ae(x))

= —t% log(1 + xt)

VARVAREST: 24N A BRizonT March 20, 2026 38/52



1 ZTTDITDHR % FEW

XERMDIXIT, DFD M(x) =1+ xt ZiZcT T 5L

0
Y_e(x) = —to log(Ae(x))

= —t% log(1 + xt)
xt

1+ xt

VARVAREST: 24N A BRizonT March 20, 2026 38/52



1 ZTTDITDHR % FEW

XERMDIXIT, DFD M(x) =1+ xt ZiZcT T 5L

0
Y_e(x) = —to log(Ae(x))

= —t% log(1 + xt)

xt

_1-|—Xt

— i(_l)nxntn
n=1

VARVAREST: 24N A BRizonT March 20, 2026 38/52



1 RILDILDHR 5

XERMDIXIT, DFD M(x) =1+ xt ZiZcT T 5L

0
Y_e(x) = —to log(Ae(x))

= —t% log(1 + xt)
xt

_1-|—Xt

— i(_l)nxntn
n=1

DT Pi(x) = x.

VARVAREST: 24N A BRizonT March 20, 2026 38/52



Adams operation

Proposition
Q@ )ring RICXL, ¥%: R — R Mring DHITH 3.




Adams operation

Proposition
Q@ )ring RICXL, ¥%: R — R Mring DHITH 3.
e ,lpl _ Id, ,lpm,l/)n _ wm+n.




Adams operation

Proposition

Q@ )\ring RIZHL, ¥%: R — R Mring DHITH 3.

e ¢1 _ Id, ¢m,¢n _ ¢m+n_
Q@ EEDFRE p ITDOWVT ¢YP(x) = xP mod p.

A BRizonT

March 20, 2026

39/52



Adams operation

Proposition
@ \ring RIZH L, % : R — RIZ \ring DHTH 3.
@ Yl =id, ymy" =y,
Q@ EEDHFRE p IZ2WT ¢P(x) = xP mod p.

Remark

3OHIEX
(a4 +x)P=x +...x7 mod p

MoHES.

VARVAREST: 24N A BRizonT March 20, 2026 39/52



Wilkerson @ g€

Theorem

R% 7 Lk flat B[R 3 5. 2D = R _ED Aring structure [FXD
TR EEMTH 5.

O FHEAK k> LICHLERERM vk : R 5 RAG 25TV S.
e ,d)l — Id, ¢m¢n — wm—%n.
Q@ EEDHFRE p 22V T ¢P(x) = xP mod p.
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Wilkerson O EF

Theorem

R% 7 Lk flat B[R 3 5. 2D = R _ED Aring structure [FXD
TR EEMTH 5.

O FHEAK k> LICHLERERM vk : R 5 RAG 25TV S.
2 ,d)l — Id, wmwn — wm%—n.
Q@ EEDHFRE p 22V T ¢P(x) = xP mod p.

Remark

LM% F ¢k % Adams operation IZHFD A-ring strucure 2S{F1E S
TUE—ETH % Z 2 1% Newton's formula Dk, #H L WOIIFEELEE TR
FTEIATHS.
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Outline

@ big Witt vector




Witt polynomial

Definition
A EEDEL x1, x0, . .. 1[ZBT 2 BERBEZIHA w,(x) ZRTED 5.

wp(x) = Z dxd5

d|n
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Witt polynomial Dl

Example

wi(x)
wa(x)
ws(x)
wa(x)
ws(x)

we (x)

X1
X2+ 2x;
x¢ + 3x3
xi + 2x22 + 4xa
X} + 5x5
6 3 2
X]_ + 2X2 + 3X3 + 6X6
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Witt polynomial

D]

Example

wi (x) X1

wa(x) = xZ+2x

ws(x) = x5 +3x3

wa(x) = x{+2x3 +4x

ws(x) = x; +5xs

we(x) = xP+2x3 +3x2 + 6xp )
Remark

KRR picoWnT

wp(x) = x{ + pxp
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ring of big Witt vector

Proposition

a=(ay,...),b=(b1,...) ZAIBEOEHRE T 2L X, K& n> 11DV T
2n ZROBBRBZ AN &, mp D —RIFEEL TN 2727

Wn(§1(37 b)a S8 7§n(aa b)) = Wn(a) + Wn(b)
sl B = w2 )

VARVAREST: 24N A BRizonT March 20, 2026 44 /52



ring of big Witt vector

Definition
REFHERL T2 2D E W(R)=][],en R LOTIHHEE +1, xw %
RTEDD.

a"‘Wb = (fl(aab)7§2(aab)7"‘)
axwb = (m(a,b),m(a,b),...)

ZHUIAHER R 7. 2k R D ring of big Witt vector & PR3,

Remark
ERED, & U TERERR W(R) = R2 ar wy(a) TEZX 3. Z
A% ghost component & FEA.
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Artin-Hasse exponential

Proposition
RZR[HIRE T 5. BARW(R) - AN(R) ®RTED 5.

31,32, o }—>H1— — )

THLINEIROFAREEEZ 5.
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Outline

© FFHIRER




dp-ring

Definition
pEFEBL T2, AHERR LB, R — R DM 6,-ring TH 3 & 1ZLL
TZMzTeEZ2ED.
5p(1) = 0.
p(x+y) = 6p(x) + Ip(y) — L} g xkyP .

Q6
Q p(xy) = xPop(y) + yPdp(x) + pdp(x)dp(y).

VRV AARE 5 3 N A BRionT March 20, 2026 48 /52



dp-ring

Definition
pEFEBL T2, AHERR LB, R — R DM 6,-ring TH 3 & 1ZLL
TEHMETLEZSS.
p(1) = 0.
© 5,(x+y) = 85(x) + 8p(y) — Th] mrtyxkyP ¥
Q dp(xy) = xPop(y) + yPop(x) + Pop(x)dp(y)-

Remark

R 23 6,ting DY E, ¢p: R— R % ¢p(x) = xP + pdp(x) TED % & BRYE
AL 725, L7ehio T R DY p-torsion free D& X, R LD y-ring
structure 25X % Z ¥ ¥ R O Frobenius lift 25X % Z L I3FHTH 5.
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A-ring & 0,-ring D AR

Theorem
AR R ICOWTU TN T —RIZEMTH 5.
Q@ R _E®D A-ring structure

Q BFEMpITML, R LD dpring structure 352 5 TWVT, FE
P, g R LT ¢pdyq = 6q0p ZiMi72F .
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A-ring & 0,-ring D AR

Theorem
AR R ICOWTU TN T —RIZEMTH 5.
Q@ R _E®D A-ring structure

Q BFEMpITML, R LD dpring structure 352 5 TWVT, FE
P, g R LT ¢pdyq = 6q0p ZiMi72F .

Remark
Z U Wilkerson D EFO—ILTH 5.

PR EE R R
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ring of p-typical Witt vector

p-ring DE D & AR D EAN O SHIBIF I3 GREME 2 D, 24U ring of
p—typlcal Witt vector EFEIENE. Zhz W, tEHL ZIZT 5.

Proposition
W(F,) = Z, J
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ring of big Witt vector D77 fi#

p Z3RE, R % Zp-algebra &%, DL E W(R) I W,y(R) DRIHIERR

Proposition
WS 5. J
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