FeRIBRERIC T D MR

RE K=
IR

0. IXL®IZ,

SFnfiEYT (harmonic analysis) BV M —ARFAFIEENT (generalized harmonic
analysis) &\ I BEDEREALERIIMOARNI LIZL T, KENIE->T, B
PUTANTET HEHEE L EREO L5 2HAMER EE2RICERD H LT, BES
BEEOMELXANY, ThEFA LB 2BRIT L ETHLEXLLD
D, ZOkEFEHMEED, THREOERZMET L Z LAMFINTWD,
7=V Zf@Bro—&ibE RohTbna L o7,

Harmonic analysis 2MYEZFE (BiR) I[ES b oTWnA Z LIZHOWT,
B2 548N

Stochastic analysis, Geometric analysis, Algebraic analysis, Analytic
number theory
ENRH D, Analysis DIEDOEINENTINNSE X H 7,

L, EABICLABEEDTIC, BHBREZER LD, BET 4
iz onWT, EEEH2>E 2= FLTHEZE OB DINEEXTHE D,
B¥riZ, FERFRATIZM M- TEHEED 5,

HERUIERETH D, BRBEOBFOHEIT~DENDRD b IIEH =D,
1 7THELKEDVITIEWEEE X bND, BREEHOEXRIITAR
eL)< =cogsx+isinx
WCREBEINE Y, BAEBREAEREREZEREIC L2 & CHBSICER A -
T EREINZDIILETHA D,
1 AT AT T7— U B NAED . 7— U=k, 7— U oEB/RLE
DE/NPEDIZON T, BHRENRLY REH O, %IZ (1950 F£4X) H-
Gelfand 72 FOfEIRE R D & HENLRZTET MEIEOLND Z EMNEL,

WHITEEL T, BIITEBRETICIE DV O OPBENTH DN, BELY
RDINDHEFIZERDZ EIZL LD,
Paul Levy (1886 — 1971)
Norbert Wiener (1894 — 1964)

Solomon Bochner (1899 — 1982)
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1. P Levy OFFMEH KD 2E 1a, 1b 2EY EiT 5,
l.a. BA¥ARAT & R T EIERRE

%% Legons d'analyse fonctionnelle. Gauthier-Villars, 1922
DOFE 111 Rz, HEBRTIHEREE discrete 72 version MEET 5D, THANRKE
FIZBAERAT L OO L ZARREBEEN D D,

IHNIZHONWT, Wb d Lévy Laplacian (22T 1950 FFEE TORK
REFLOELDOE, HO

Problemes concrets d’analyse fonctionelle. Gauthier-Villars. 1951
(ZEEL VY,

4 B Levy group & MEATWA bDIL, RATHERR., T7bLEEDA
NEZIZ, BEFEHEEZBN - LOTH L, BT E (LB >THRY A b
J A XM L) BELRESIT A7, EARIT equally dense & 7> normally dense
REDFHEEENTND,

Levy group |ZEMRK TEEGHOBELRESEETH V. Laplacian DB 5T,
R TTARAFBAT TRERERE R LTV S,

1.b. FetEBI%K

FERGH OBMEEBIISF O 7 — ) BB L V- T LA 5,
%3#E Théorie de I'addition des variables aléatoires. Gauthier-Villars, 1937.
AT A5ETH2Y, Homogeneous Lévy process (Z& &, process DFFE
OBEAEEIZRSZ L LAMTH D, —F
% & Processus stochastiques et movement brownien. Gauthier-Villars. 1948
RN T, BERBEDOERIC—DOODELEFINTNEM, ZER—O>OFIEILF
R L DD (Slutsky D FiE. Actualites Sci. et ind. No.738 (1938),
33-55) Td» 5, Bochner DE AL T, £FZTEHARICT— ) = XH#, 4
DHREMETLBEEAES Z L1272, BHZ, b9 —-2id innovation & 5V id
stochastic integro-differential equation DFETH 5!

dX@) = ¢t dt, X(e);s<t, &,n,...)

Z 3L 1953 FiZ72 o T stochastic infinitesimal equation & 72> CTHALD,

EX] AEEBEL/WZ &L, BRI TS, OB THD, bA~UL F2Ef/
HIFEIIRERTIC (BT 7 ABROHBAEIC) Rohdn, IVEERZ LI,
AABEEICETOIROFENTH D, TREFZIICH-oEZDHTHAH, RL
T o ZEDLRPSZEFENERERE > TOIZENRY, BERBEDE
BOMEFEHTHEBTLZ LR TE D,
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2. N. Wiener @ harmonic analysis.
Wiener OEFIZITFRFMEATICBEET AEE - RV BEEL H D, FTH, =
ZTHEY BTt &R FIETIIL,
1) Generalized harmonic analysis. Acta Math. 55 (1930), 117-258.
2) The Fourier integral and certain of its applications. 1933. Cambridge.
3) Fourier transforms in the complex domain. With R.E.A.C. Paley.
American Math. Soc. Colloqu. Pub. 1934.
4) Extrapolation, interporation, and smoothing of stationary time series.
The MIT Press, 1949
5) Cybernetics. 1948, iR 1962.
6) Nonlinear problems in random theory. 1958.
7) Norbert Wiener: Collected Works. Vol.II, ed. P. Masani. The MIT Press,
1979.
7 RO 2ENSRDN, ZO volume IZIXFAFIMITICRELR L 723303,
AZDaARA s (BEBEIRDOBDLHD) LEbIZBIDLN TN D,
I D. Generalized Harmonic Analysis and Tauberian Theory.
I E. Classical Harmonic and Complex Analysis.

B, P. Masani OB I8 H -7 Z EIZ@EEZ LTV,

IR BLHETD  Tauberian Theorem (ZEAE T2 b D% W TILKAERT L
X, RN o TLEIDOT, TNHIETEKT D, -

Wiener @™\ random function X+ & LT, 75 U EEDOPLEEZTH 5,
3O TEAEERIC, XE [0,1]1.0 E® Lebesgue HIE % AV, Fourier BT
TV EBEERL, T TO flow {Tth o= d— FEZERERL TN,

Sbi, 7o U VEBOREEETRINS, FUXER XO) IconTh=x
M= RHEERRTWAR, BEL-WOIX, TORAEKOBR Y H VA ER
LTWabZ EThs,

IO, BETH >EVEB SN2V, t 2EFEK 2 ITL T, H2HEDOHE
WAEN L, RAREEOME, =& 20iF 0 AOEEAEFAT, BT (ALK
BEUCHOWVWTD) O-—-FRELTND, REShTbIWnwZEThHs o,

Z 2Tk, ED Wiener ICL2#XWD S B, SRIDFECEET HHODOHF
MBS DIEAT, TATATHHE LI,
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ll

1 iZoWT, FEMERATICET 2 Wiener DFIHIDFHIETH D, & Z Tid orbit

& ) path 7g Y. £7- white light, noise, coherent and incoherent noise (Z
DWT O, S DITITHREEOREE & L. Plancherel OE®E 77—

THEHTOBEE L TR LTV,

HERIBED RABE (path) 2/ H 7= biINb 7+ —75 2 LITEREV,

3) IZOWVWT, 7— VBTNV OMDERITH VT white light WL E
7. —RFEFERATICET VT BB D 2 EiX random function ~DIEHICAE - T
WT, BBREVEERIBEROFEICORIT TN

4) [ZOWT, HEIRERFIFS ?A&‘%?Ei%fgk PEEIED L THDLEESE
IR RTN D, HRE ZITITREERM ZHd, BEREIRZ >To—DDEZR
g Nl B! ZDﬁﬁ/’jﬁfcﬁ%%ﬁ@%é\ (ensemble) EHETD, OV TZERD
subclass IV A FTROLEENEXED, ZOX D RHEROREREFE
RITHIE RN N — T RERIC L D, MEHAFE, 72 EFRFICONT
FROEOTR, ZOFRAETHIEN—EOHEICHIHEER, HDH 0 EHD
EDEE & ABBOFE., E7IZ0BICEENIRELENEETH D,
FER. FERFIOKEHNERIL. Ba 0¥ FA7ET TRPHEETIEARL T,

T ORFHRFIDHHTH Y ensemble DFETH D, Z DOIIHENSLERFNITOVT,
T OERBTHORELZIRT A7, generalized harmonic analysis DSTHENH
linear predictor <° filter Z#ER L T\ 5

6) IZDONT, ZZTH D OFHR+SENENTNDZ LICEET 5, %K
D ORERAEICLDI LTI T, #x DRAKBEIC O W TESESIZ
STEHZELTND,

Lecture 5 — 7 {% Frequency modulation (FM) problems (255 C STV 575,
RUA DI AX (770 EE) OHEBEBEOLNTHY . = 2 THIFRME
MrOSHBERROND,

Lecture 10, 11 [X3E#R network DEEHIZSHERIEL BT WAM, £ X
FRIRTTOFFEET O REBILTH B,

7 L. ZOFMEICRT D Wiener DBAEZB D DILHFHETH D, iz 1930
A DRICITEER L2,
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3.S. Bochner DFRFRT & HERAEHT,

Princeton T® episodeD T— ) NS Lie BOa=#% JURHKED
philosophy (Z 2>\ TDEAIEEEIT Bochner DX OEAEZ BT -,

Moving Bochner

T FEICR T 57— ) 2T OEEEZEA L., 2=F U RRARIZE TS,

2 3k

1) Stochastic processes. Ann. Of Math. 48 (1947), 1014 — 1061.

2) Harmonic analysis and the theory of probability. Univ. of California Press.
1955.

3) Subordination of non-Gaussian stochastic processes. Proc. National Acad.
Sci. 48 (1962), 19 —22.

4) The role of mathematics in the rise of science. Princeton Univ. Press. 1966.

D220 T, A4 MEHRRBERTHDID, HMORFERER 7 — ) =Mt
EFELIZABRDORIT, FELVWIZELEIDLY, BEBEOEERD RS
MICEDTATATERERSELHDEWVZ D,

2) TV OEE LN, +OERBERYERLILEREICZ > TIN5,
Infinitely subdivisible process, subordination of Markov processes 72 &, Z®D
EEBEORNBTNHRVAENERIIRE 20,

3) homogeneous 7 Lévy BRROSMHEHD 5 ¢ function & ¢ (z) &<,
B—DIBRIZONT
exp [-t¢ (@] = f “ZxdxF‘(t,x), t>0, dXF(t,x) =1,
L, EoOBRICOVTI
exp [t ¢ (2)] = fe‘ Zx dG(tx)
ET5, E_OBRENE— 0)1@& i~ subordinate % & i3

vo
P(z)=c ¢(2)+ f (l-e-t/f(z))do(t)

+0

ERBEETHD, 12120 ¢>0, cllB@E 2R MEAR-THIETH D,
Z#iE random 72 time change (ZH7-Y . RETOEBIRITEIERFEIZEIT S
whisker O—#{LE bIH DB ERTE LD,
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4. ERRTEGHICK Y MHNDEETA b/ A ZRES
BRI B OEERESY OE) &5 <. Adjoint O72TH O*(EY) WAV A b
A RAQEERECT D, Z 2R ERSEEND,

Diagram

G. Finite dimensional harmonic analysis

L8 = P Ha, 5%=50(d+1)/50(d).

Hyper function on S¢,

Lie group SO(d + 1) and spherical Laplacian Agq,
Peter-Weyl theorem

Irreducible unitary representation of SO(d) on Hy.

Fourier series

I. Hyper-finite dimensional analysis

(L) = P Hn.
white noise functionals = functions on §°°(4/c0).
Laplace-Beltrami operator A, ; number operator NV
irreducible class 1 representation of G, of class 1
Fourier-Wiener transform; T- and S-transform and integral representation
Complex white noise, holomorphic functionals

II. Infinite dimensional analysis
(8) c (L) < (8).

(L3 < (1) © (1)
Generalized functionals: CKS space.

Volterra (Gross) Laplacian Ay.
Characterization of (S) and (5)*.

Lévy group, Lévy Laplacian Ap.

Windmill subgroup, time change group.
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Kuo’s Fourier-Mehler transform, Gauss kernel.
creation J;, annihilation 8; and rotation <, = 0;0; — 9; G,.

Whiskers: One-parameter subgroups that come from the diffeomorphisms of
parameter space. Spectral representation, flows and ergodic property, tools for
variational calculus.

Whiskers describe reversible and /or irreversible properties. Semigroups also
introduced.

Development to path integrals: generalization to quantum fields.
Application to noncommutative geometry.

Average power: essentially infinite dimensional

Remark Floor II can not be approximated by the finite dimensional analysis
under the natural topology.

III. Ultra infinite dimensional analysis
Bridge to quantum probability.
Random field X (C) living in (S)* — U(C,§).
Hadamard equation.
Quantum field — gauge field, electro-magnetic field, etc.
Tomonaga-Schwinger equation.

Whiskers g; come from the group of diffeomorphisms of B¢, and ¥; acting
on RY. New various kind whiskers (half whiskers) have been discovered. New
applications

Whiskers help to form innovation. Exarnples. the conformal group; the
ergodic property, and others

Irreducible unitary representation, reversibility /irreversibility.

Remark The 11Ird floor includes all of those that are essentially infinite dimen-
sional and are not to be listed in lower floors.
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5. Second order processes.

Linear theory (22U T,

K. Karhunen, Uber die Struktur stationare zufalliger Funktionen. Arkiv for
Mathematik. Band 1 nr.13 (1950), 141-160.

THIIERBRORER TH oo, FiC, FEEG CHISEREN R EFEBED A~
7 MNVRIEEIZHEXHER T, ZOHBERE f(1) @ factorization %, ZDIFIT
HETEEMICEZ TW TSI HIZTFHMETH 5,

H. Cramer, Half a century with probability theory: Some personal
recollections. Ann. of Probability. 4 (1976), 509-546.

MEED 2nd order process ICRT HMAHE L LT, MRIIMOITIHW DA,
BLERTREV,

[sciken]
[1] U. Grenander ed., Probability and statistics. H. Cramer Volume.
Almgvist & Wiksell, John Wiley & Sons. 1959.
[2] T. Hida, Statonary stochastic processes. Princeton Univ. Press. 1970.
[3] T. Hida and Si Si, An innovation approach torandom fields. Application of
White Noise Theory. World Scientific Pub. Co. 2004.

BHY
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