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FINITE SUBGROUPS OF MAPPING CLASS GROUPS
OF SURFACES AND CHARACTERISTIC CLASSES OF
SURFACE BUNDLES

B Fz

3, %l ¥ g > 20 E S b i-fAdhi, Diff S, % &, DR & %D
WMoy FFE RO TRE L T 5 ((CAIE C°-fL48). Diff, ¥, OSSO
RYBED, 25, D BEEN L LA

BBRIERED 2R T v U — AL & ARBERTIC £ 7228 5 BE RIS
HBETHSH. KB BDIff X, % Diff X, OHEEM (T2bbm& 31t
LTz B-RO53¥EZEM) & 5 &, Earle-Eells [?] DFERICE Y T, D
Eilenberg-MacLane 22/ K (T, 1) iX BDiff , X, L A€ FE—RETH
D, > THEDARER V—T—ET5:

H*(T,, Z) = H*(BDiff, ,, Z).

Ty DaREr P8I, ME S b7 5,-3O (universal 72)
B EEZZ NS, — ) TH$g D=2 237 b Riemann BOE Y 2
TAEMM, &L T, OFEEFEH 2 REn V—BRBETHIZ LBMLN
T D:

H* (M, Q) = H* (I, Q).

FyDaRER P—HOFTROEERZLON, ZREKZK [?] & Mum-
ford [?] 1= & W MSZICERE Sh iz ZRE-Mumford 8 e, € H*([',,Z) T
&Y, MREMOBAPLIEFROL I ICEREND. 7: F—» BERAZ
DTN L,R(E,Z7 7AN—¢LTHRMEBTONIEBODRT 7
’f’{ﬁjﬁ), TE{'B o 0)77’{/{H{‘:WE\I’37L:%§E&T6- TE;’B X E LD
&S bRIEE2RTRY MAKRTHS. ©® (5 n) ZH-Mumford
I

en(m) :=m(e(Tgp)"t') € H"(B,Z)
Wk VEREND. ZZTe(Tp/p) € H(B,Z) 1% Ty p @ Euler H,
m o H' (E,Z) - H'_Q(B,Z)

X Gysin ¥R TH 5. OO BRMIZL Y (universal 72) FRH-
Mumford ¥ e, € H**([',,Z) BEFESN D (Mumford (TET 2 7 A 22
MM, OFEaREa—fLLTe, ICU2bDEFALK).



i Flz

Q4% = A E n ¥—IcFiT S ZEBE-Mumford EOMHE L, fLABST L AX
WS MOTE D HIERICHZEEN, ZL O EBHMOATVD (FlAE
[7] 2B R). —F CTEBEH 2 RE R Y —(CB T 5 FHRE-Mumford DR
58N (Q-FREOBEND LB EERNT) HEV ML TV
WXtz 3.

BB aREr Y — 2B —2OFEL LT, TORIREIH
LOaKRERP—RWRDZENEFOND (BRFFATED [—HRi
Bl ¢EZDHZENTED). EEIEHREHOAREOHELTD, &
H-Mumford O A BV E RS Z LIC LD, BBREVEREZ VD
ED T ERTER (BOHICRTRERE, &2V IEE - BT
L OERBFEICLS). BETEENRDLORE (mod p FA-Mumford
HOREN, ARESHEOZB-Mumford EREIRNVT 4 ALB L
UG- L OBRE) £ WL SO TFHREZMBER L.

ALl R R BB W R R

E-mail address: akita@math.sci.hokudai.ac.]jp



Constant mean curvature surfaces in the hyperbolic space

FIRNIER  CERERE)

kg T E SN AN Ic B A 7T P E Iz T A
HIELEDIMASH, IR ER O BRI U dhil A 5 2 e,
INEMTREER & U TR L 9 et Em S EE T DG BRI,
ENALDTHD, 198 04E, M. Anderson |2 L 5 TIEWY T ADOER
iE A ALk U O @ AVEE T A T LR &L, £0#% R. Hardt, F.-H.
Lin B2 & 0 SERESH OB dmo ERMEA YRS, EREEET
DOEAMERZ B BITHER CIBLT S EMB RS FRRA AR <A Lok
D WIS E > TEDHERPKE S BAR S, $51C 3 kool h i 4 RS CE
HICH 5 LB+ S RFIERRE TS 2 5hE 2 Wl sy b % Willmore
HETHhL b ThH Z ERMmeERTWs, —ICEEA B4 d
Sesont/ i iflo ot L CEE L. —RTH W O IR RS HRRIs Lo
TEDFEMITEZ BN TWD, BRI BTIEN TS 2 b
PR dh i & [FIS AR EAEZ BB EMESZ LAUREh T3, EHE R
R R T, RS L0 AEWEAIIH L THLEZ LRSS,
ERMEORR AR R ELRRE O LS, UboZ L2 BEGEHE %%
ATCHFEL . EIWERM L OFD Y 00T 2 OBRET O ERINED BE
Ll A Pio o T L i A



HABROEBABROP LTOBEICONT
— # HEAREES HARE —
= 200066 =

e = (LR

A PNilhEHMEEELIL GL,, O, Sp,, (—RAMBIEE, EXHE, “2TL 7Ty
o) HiEL, oo Lie MOEBAME Ulgl,), Ulo,), Ulsp,) BLT, £0
Bl ZU(gl,). ZU(0,), ZU (sp,), I EFNZH OB L 2 Wl RO ALK
U(gl,)Cln U(0,)9 . Ulsp,)" P HEBOMRTHAH, BL I ZTHLEFEXRD
ENERICHEDIE ZU(0,) & U(o,)? K THA, UTFIXTHEREETE
A,

TS AL M Lie 58 g 126 L, Harish-Chandra &%
ZU(g) ~ U(h)" = s(p)""

Adhb, T2 hid Cartan MABT W 1k Weyl A FHT. LOBEIETE
FATINCE DI ENTE, Weyl BEEHIHE S, P E 0L {21} £/213 {1}
OEERMIC A, SRS ITEMBTRERI S(H)Y GHHRRLENE S L modify
Lzbdich->T, L<HA. MAEHHFRROBE, ERA L LTERGHN, =
SFAHR, WAL EALNS L, #RAKKE LT Schur ZIHAATN
A, INHREHAGHLERYDH L.

%7, Harish-Chandra [6 %]

ZU(g) — S(n)W

DD LMo LTY, ELOMEHOERNFRR EEGEARIZE(HST
W, 2F0,

(1) ZU(g) @o B RRYHER O =

(2) 4@ Harish-Chandra R#IZ £ 2 (& OFFH
S BN oEBEEEE TS bEAA (1) QM@ LS EIZ L 2 TER
HubidTRAVY, FRIZHET S (2) DETRERETH L.

EIAH, g=gl, DL, FIRBICVAGAS L L ODEREHICEREN, »2oH
W ) HaeTH, iRl 4@ E Capelli elements & V29 & O TIN5 & F52
FHOTFI (column determinant) TR 24 A5, T RHFREIO L AL TIRER
SHEEIC S s, SHIEEH 110 FLLERTC AL Capelli 2 Lo TES ATV HE
Ths.

B OB OERR TH 27 RN T 200t s permanent 12 £ -
TEHARMIZ# TS (Nazarov)., —HSOMREH#H TR, BRSBTS

Typeser by AyS-TEN



AT (R B L NV TR A28 (2% A, Nazarov (& Yangian ZHWTZ
o el 2z, &9 BARMIEHNISH 2T L 72 Y @13 Wronski B#R LIFIEN S
A%, Yangian JA¥k{Z Koszul # k054 1% £ Euler-Poincaré FIAfli- TH{ 2 &
Ta&

BRI HETA L0, F LA 2@ THEIFSAY, T Gelfand (1950) (=
LT 26080 THL, £0FL 00 Harish-Chandra [FEI(Z £ 4 {814 Perelomov-
Popov(1966) 1= X - TaFE s sz, BRI 2 AR PO R IE Newton D2
A LTHSRTOEA, gl BTLHIEMASHS. =1Lt Yangian ik (Olshanski,
Molev, Nazarov) #% Liouville formula 2 ATV AL D THS.

PLEDEEE g, OHAT, Yangian RAVEFTT2HREELTVLHE L HD5,
FOLH ABEETIE AL, R RV TEBEERT S (RPRF/TMEFTLL).
LT, B —BOM 414 Howe-Umeda(Math. Ann. 1991) @ Appendix (24
AHLIeH B 2 1E Capelli element (257254 DTHAH 9 LRSS, HHX
gl, DHEIFER L L v, LAL, EREEASTE,©O LMD (HiEFE J. Lie Theory
2000). ik EF7 0, DHE, Pfaffian THA SN AZPLETETIXTHERZOND
POTOEER L LEEICOAN S, THIZ2WW T Itoh-Umeda (Compositio to
appear) THH G M IZ S 417z,

Ty T 4y s OBEICIE, BENLPLTORARERE VT dual pair
BB L 7= Capelli Identity % &1V 723 1E &I H » Ty kus, & 3 BRI Molev-
Nazarov(Math. Ann. 1999) TH|» Twa s, FARFLRIREZ LIEK->TWT,
BEETHEOETH .

HULTEO MBS S v BT, TS Lie BOER T EALF7H123 L T Cayley-
Hamilton DERA ) Lo L v ) FLWEEAH LS. LTI~ Newton ZRXED
b BEHIIWERTIEETHS.

{2 712 Multiplicity-free action (2B L 72 Capelli Identity & Z OFFRE(Z2 LAt
0, WAHWAL open problem b & 4.

o
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[ > DIV DRt & e AR 7
HEF EE JERIX)

2000464228 (&) 16 :30~18:30
RAEKECEERE (E¥EB45ME5 -5 0 8#=E)

MREE

HERORIEES > PV, BOBROBRT, TTIKESNABRE
M5, Thi D RERBRIEFEEES TOL, L3 7O0EA0R
% T#Ext) (Das Absolute) EFEAE. ZRUISHOEESRDEETIE
HEDREDISAV BT, A2 MUIThERMAE DT
PO TEATED, KEFEIBROERZ, (F A MED) MO
HOEHADL I R HDTH S, LTHEATWLITHS.

MERTHERIEITHE, BETIE, WHlE (forcing) EFIZN ¥
MFEEICED, V ORENEZIGENREZASNDEIICR>TWS. I
MLOEHOBARENSESAIN 5L, “V I generic extensions (XX LT
bHIFMOEIMEEFREL TNE” ENWD TEEHFMCRAL TVS X
SHESHOAEI “ELW ABERBLTENESICEZ S, EE,
Proper Forcing Axiom, Martin’s Maximum & V3o 7= 80 R ICEA
Thi-—HEOABEREFNS D variations I L, TOXSZEKRTOME
MNEOFTE L BRMATAAETH S Z EABAHHL THS. D
&I, Proper Forcing Axiom 5 (L7A$> T, THKY#HL Martin's
Maximum 5 %) EEEOBE Ry Th2 I L& M, LIEA-T
HGEARMEN (EENID) MRINDTEEEIGDOED L, JFREITHK
FENbONHS.

FBETE, LITBRREISBENEOBERICLIREROLNEROL
RICBTARIEDRERE survey L, ZHICBE L EGREDRETON
< OMDERIZDWTHHRTS.




ON MINIMAL DYNAMICAL SYSTEMS

TAKASHI SANO

DEPARTMENT OF MATHEMATICAL SCIENCES
FACULTY OF SCIENCE
YAMAGATA UNIVERSITY

AnsTracT. Let X be a compact metric space with a minimal ac-
tion of a countable discrete group. And let us consider the orbit
equivalence relation and a “finite” subrelation with a continuons
cocyele. We define the index ratio set for the pair of equivalence
relations to describe its structure.



ING — U TERRDBEBEDEERD S
i BB

AL¥EE KB T RHET IR
oS0 B

N — L HRBRITTOLHNTRT EB D, R - FE TR ICEHN 2R 42 8ok MhE (N
H—2) OHBERY 1 T I/ ACED A REEROBH THD. o ENSEUDHF
BB R D R A BT A 4 R, /L AT E O KRBT L T HA IR E
R BESRPIOTNS ICEDS ¥R ER. REESORICAR] RIS ER
E DB M HERG. BEMOECHEN/ Y — > ORITICERR <D ZHBBE
DA —1) V7 BROEZ S, HAANREICHTEMEAOFE, N—aL—a O
FioESRERRNTFE, 7L TERRZENY— > 2BEHT5 L TRAIRBRLBIE
AT OB ER ENEDoTEE, TNHIRBLAMBOREEZ L TELDIT TH2H, #ik
BEORIAL NHOBENRIFOMEIZ2E52, BRORBICEENRFIZRZLTELDD
HETHD, FOB%RTIISY— D HRICREN R4 RBESNEE, HFHROEKICE
ELEDITROARARL, RETS B 2EAENIRETHS D, ZOEREH
BOOBMDIIEETH S, EIE, RS EHBOAITE0QS Eh SEMFE—RT/NFT—
SHERENDEWSTF Y AT 5 0 FERIZEEIC Alan Turing 2k D EG@RIITRE N
2, ERAICIEEEBEERIERICBNTHREZNZIZIZ 9 0 FERIZLD ETRARESTHE
oMo l. FRIEEREENPHIRR EORE T ENDREIRT2ONE L o722
kB, COEREBIIMESRHIERY, FNETTFEEC LAY > EEERAEZ S
UHETHE OB/ Y— NERSE, TUTHER 2L —2a ilioTHR
2N, RISHEBROFHERA—HRE N, T50% B TNETOFETIIERFN
HEET HDH LN, FFICENRFH-RERORBROBIEICHDOANZ EHFEINSED
DTH2. BRFETREFO—WMERNMLIENVERS,

BEZSEII-Z VI /BEDIC. NV HRERO NETORRERD X 572Y)
OTEELTRES. UTTRERR. FARD50NENARRBEDHDREDHRD Y
5 A% [Object)] EXRT&LITT B,

1. Object D3 R AR
2. Object MDA EIEA]
3. Object D& WVHEIER

BAALTNS D IBMIIMI TIZ2 <, RIENICRBLTELDITHS. ERE2, B
SRS | BEEZREX TR UD TERWEL 25, B 1 BRIEER. AR, &



W, HAAMEORBENRR. BERBRT L TENSOLEE. 2T~ E DMt
5tk &4 73 Object ORAME LT OBMHEORITTH S, TN Turing DILBARE
(Diffusion-driven Instability) D 7 17 7 A4 E 11 TLAR, M4 EHE TV EEEBRET
H5. EEO—DOMNILE 1| BT L7z Object BEREET S ELETNSOMD
WEERF A FIVRAZEZLIENDIDBDTHD, HEERZL TNBEZORDIREE
7 Object DA E—2EREAOLELEHOTR GEENZR25EENIE 50V HEEH
EERT LTS (BE2BME) . Object AAEAD identity Z25&HTIZ, BB (tail) ZHEL
TOAHEEA L TWEREEWZ S, 702 MAEREET 3 &2 OBMEERS, BE
IOV AR+ N TS & ZOEBNIZOMBFITH S, B3RO 1) HE
ERIZENICE D XY= D identity BERONTLE SbD 2N D, FitzHugh-Nagumo
HRRX DTV AROXHEWE (annihilation) I3 <HLAENTNBHATH S, HEE
BE, H50EHERTRRINEZOBBIOHFT)—ICRT 5. AIXENRLOH
CHBL/X& — 2 (self-replicating pattern) ITEDHRBFTH S, Z3UI—DDEH/SILA
MMSHBLTRLAEESEALCIE—2EVHTIOATH D, BERICIIEELEE
BHORT, TITHEIZLEVORWHEEBTIIR L, ETITWED3HDOYAFTID
ATH5, THROEBRPTOBBY AT I ORICEKNHSD, LML ZOL BB ANEEE
FRBMOREREMESIDIC, TORRITHL <, B1., 2BETHREINLHELAR
TV, FNTERAZTEAMDIETHIELIVWOTHA 50 ? 2 MIK1 2L <REh
W, ARERTIES 221 WOVA, 2LV AREERIOEVWEZEEIIERL T3
ZEZHD. o TENSOBREMRIT NSV 5—TRRBROBBASHOBREZRELT
WaFEZ6N5, DFNHEOERATEMICET28 B EEROMDY FEHS
MCTBHENRDD. CHNZZTOEEERS,

STULEICRRZ 2EBEOMEERIIREOT A F IV AICBNWTIIHRFT 5. EIE.
B1icBlT5HCEMBRICBNTD, FRHESEOMTREWIE RFE)] T5HNWHE
ERBXERNER>TNS, TELULT—EBULMNLR, BUDTHRLHEDS. FKHEA
F=IVTRA256E, —RICFVWHEERIZO-> <D ELE lslow)] FATLAT—IVTH
0., BWHEERIZTIESW Mast) A —IVERD, COAT—)VOBVWEFIHL TH
WHEERIZH LTI, BRASHOBBRNFENENTHD., F1FIVAZXETER
ERHREEMRT DI ED—RICAIEE 25, tFRNHEEROBSICIREDCETZ A
HHmAIZAS N TWAEZERBIBAODODTNTHS. X S5IZHWEEER EMWEEERIT
EDLDICHEL TNENMIDNTRELSKBHEE > TLW. T TRINCRANEX
TEWEEIZIRTH 5.

MR 1

BOERNSY— > 28 L T2 RERBMRI32IcHh ?

BECRAR L SICHEZE#ECL TWBHDIX, ThRROKEREESBBY 1) 3
DA TLK2NETH5. 7ThI75—FDHD TR, €IIWXELEPERD
HEIRD, BB TO—FERBRERD, FOMBEORNWE 1T ZERT 22 &I3M
MEeEEMSILEEFERFICRS>TLEDS. FOXIITHREDETVWAH A REIZRA



7500 :
- Final state

B 1: Gray-Scott EFIVICHBIT 2 1 KIBCER/NY— > (F = 0.04,k = 0.06075,L =
0.5,N =500). ZZTLRRMEK, NiZa3sK. HTidv DAORZEMELZHNTNS.

EAIM? T T TERBRITZERICBIT 2 KB ERITPEERREZRTIEERS,
ZAUTIIBAE S BB 7 R 7 — AUTO AR R TH B, AUTO IZ L BBHHHE
AERBDEIREREMRETNIAMTEIARESHRECETHITOVTE <OFEREE5 2
TN, TNNEERTEMICBII2HEOER S EFMOBEDD AZBHSMZL TN
5DTH2 (AUTO X2 EMA HERABITELSNEEBOTHD, FOEERMO HE
RICEHAL THSE B2, HEAFNTHANY v T ROBHSBENESNS
T, ERENREICRO HTICIIERNREEEZ VW< ONRRTEIUVENRS DT L2
BLTHKL),

TTH 1 TIREROIIIREREERIIEBEFE NN, L IOZTMOMAHET S
EORTENRBINTMEZEDLSITREITHAIN? EBNNTA—FYEFDLS
WCHHiTAZLIINRETH D, M2RBFDLEEDKRTFTHS. HOEERL T, AN
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Complexification of Riemannian manifolds

Robert Szoke
Eotvos University, Budapest, Hungary.

Abstract:

In a similar way as the real line sits in the complex plane, every real
manifold admits a complexification. But the result is not unique. To
obtain a canonical complexification one puts a Riemannian metricon the
original manifold. The result of this unique complexification is called the
adapted (to the metric) complex structure. In the talk we discussed some
properties of this complex structure, its relation to the algebraic geometric
(so called) good complexifications and also with its help we showed
how to construct hyperkahler metrics on the tangent bundle of compact
hermitian symmetric spaces.



CARTAN-FUBINI TYPE EXTENSION
OF HOLOMORPHIC MAPS

JuN-Muk HwaNG (KIAS, KOREA)

In the early twentieth century, Cartan and Fubini studied the
equivalence problem of local hypersurfaces in complex projective
spaces. The conjecture, which they proved only in low dimensions,
was that if a local biholomorphism between the hypersurfaces pre-
serves the second fundamental form and the Fubini cubic form, the
biholomorphism can be extended to a projective motion of the am-
bient projective space. This conjecture was completely proved by
Jensen and Musso in 1994, by using the method of moving frames
developed by Cartan.

In another direction, T. Ochiai proved, in his thesis, that if a
local biholomorphism between two connected open subsets of an
irreducible Hermitian symmetric space of rank greater than 1 pre-
serves the natural G-structure of the Hermitian symmetric space,
it can be extended to a global automorphism of the Hermitian sym-
metric space. This result was generalized to compact homogeneous
spaces of complex simple Lie groups by K. Yamaguchi. The proofs
of Ochiai and Yamaguchi were done by showing the vanishing of
certain Lie algebra cohomology groups.

In a recent joint work with Ngaiming Mok, we have discovered
an extension theorem for biholomorphic maps defined on connected
open subsets of a large class of Fano manifolds of second Betti num-
ber 1, which can be regarded as a common generalization of (weak
versions of) the results of Cartan-Fubini-Jensen-Musso and Ochiai-
Yamaguchi. The method we employ is the deformation theory of
rational curves and the proof is different from the early works. Our
result gives new information even for hypersurfaces and homoge-
neous spaces. We will discuss the main ideas of this work together
with an application to the rigidity of generically finite morphisms
over Fano manifolds.

Typeset by ApS-TEX



McKay correspondence: Where do we go from here?
by Miles Reid (Math. Research centre, University of Warwick )

Abstract of talk:

Let M be a quasiprojective algebraic manifold with K_M = 0
and G a finite automorphism group of M acting trivially

on the canonical class K_M; for example, a subgroup G in SL(n,C)
acting on C™n in the obvious way. We aim to study the quotient
variety X = M/G and its resolutions Y -> X (especially

under the assumption that Y has K_Y = 0) in terms

of G-equivariant geometry of M. As described in my Bourbaki
talk [M. Reid, La correspondance de McKay, Seminaire Bourbaki,
52eme annee, novembre 1999, no. 867, to appear in Asterisque
2000, preprint math/9911165, 20 pp.] we know 4 or 5

quite different methods of doing this at present,

taken from string theory, algebraic geometry, motives,
moduli, derived categories, etc.

For G in SL(n,C) with n = 2 or 3, we obtain several

methods of cobbling together a basis of the homolegy

of Y consisting of algebraic cycles in one-to-one correspondence
with the conjugacy classes or the irreducible representations of G.

The talk will describe some elements of this theory,

with a particular interest in looking forward
to possible future developments.
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An application of the center manifold theory
to convergence theorems for PPE’s

Piotr Rybka
Warsaw University

We study the equation of viscoelasticity with capillarity. This equation arises
in the study of van der Waals fluids and phase transition in solids.

For a variety of boundary conditions the set of equilibria is large i.e. its
dimension is at least 1.

We show how we can use the theory of the center manifold to deduce
that the w-limit set is singleton. The approach based of a special scaling of
equations and analysis of the energy functional near the center manifold.
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On well-posedness of the KdV equation for
rough data

eERF KEbeEor7Ef @ K (Hideo Takaoka)
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Arithmetic of Zeros of
Eisenstein Series

Gunther Cornelissen
(Max-Planck-Institut fiir Mathematik)

Abstract: Eisenstein series are the prototype of mod-
ular forms. In this talk, we will look at the zeros of the
simplest such series for global function fields, focusing
on the arithmetic properties of the divisor that these ze-
ros cut out on the corresponding modular curve. They
turn out to have properties that are very similar to those
of classical orthogonal polynomials. Applications to su-
persingular reduction of Drinfeld modules will be men-
tioned.
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The Theory of Parametricity in Lambda Cube

Takeuti Izumi

Graduate School of Informatics, Kyoto Univ., 606-8501, JAPAN
takeuti@kuis.kyoto-u.ac.jp

Abstract. This paper defines the theories of parametricity for all system
of lambda cube, and shows its consistency. These theories are defined
by the axiom sets in the formal theories. These theories prove various
important semantical properties in the formal systems. Especially, the
theory for a system of lambda cube proves some kind of adjoint functor
theorem internally.

1 Introduction

1.1 Basic Motivation

In the studies of informatics, it is important to construct new data types and
find out the properties of such data types. For example, let T and T" be data
types which is already known. Then we can construct a new data type T x 7'
which is the direct product of 7' and 7. We have functions left, right and pair
which satisfy the following equations:

left(pair xy) = x, right(pair vy) =y for any @ : T and y : T",

pair(left z)(right z) = z for any z : T x T".
As for another example, we can construct, List{T') which is a type of lists whose
components are elements of 7. We have the empty list () as the elements of
List(T), the functions (—,—), which is so called sons-pair, and listrec. These
element and functions satisfy the following equations:

listree() fe = e, listrec(z,l) fe = fx(listreclfe)
forany o : T, 1 : List(T), e: D and f: T — D — D, where D is another type.
Moreover, we have list induction such that:

Suppose that if P(I) then P((x,0)) for any & : T and | : List(T').

Then, if P(()) then P(I) for each [ : List(T),
where P( ) is an arbitrary property over List(T').

Polymorphic type theory is very powerful for describing new data types. One
of the most famous polymorphic type theory is System F. Although we have only
two type constructor — and II in System F, we can encode the direct product
TxT as DX (T - T' - X) = X in System F. And also we can encode the
functions left, right and pair as some terms in System F. Similarly, the type of
the lists is encodes as X (T — X — X) -+ X — X, and the elements and
functions (), (—,—) and listrec are also encodable in System F. Under this
encoding, we have the following equations up to beta-equivalence:

left(pair xy) = ©, right(pairzy) =5 y
listrec() fe =g e, listrec(xl) fe =g fx(listreclfe)



But, the term pair{left z)(right z) is not beta-equivalent to 2. Moreover. the
statement of list induction is not described in System F, because System F is
a system for construction and calculation of terms with type assignment. Thus,
we cannot handle the equation pair(left z)(right z) = = nor list induction with
System F. We call such properties semantic properties.

Under such encoding, we have the problem that semantical properties are not
derivable. In order to avoid this problem, we sometimes use models of data types
which satisfy the semiantical properties, such as the equation pawr(left 2)(right z)
= z or list induction. Such models are often constructed in category theory or
domain theory. But it is more useful to solve that problem only in type theory
itself with a formal way.

Our aim is to make formal logical system over terms of a type theory, and
to derive semiantical properties by the logical system. A successful example is
the formal theory of parametricity over terms of System F, which is studied in
some literatures [ACC, PA, T]. The theory of parametricity proves many seman-
tical properties, such as the equation pair({left 2)(right z) = z or list induction.
Therefore, we would like to extend the theory of parametricity into more strong
or general type theory, that is, lambda cube.

1.2 Interpretation of Category Theory Into Type Theory

Although it is successful to describe and prove some semantical properties by the
theory of parametricity over System F, there are much more useful notions and
semantical properties which cannot be described in System F. Some of them
are functors, natural transformations, and adjunction, which are provided by
category theory.

In order to describe such notions which come from category theory in type
theory, we have to describe the basic notions of category theory, such as objects,
hom-sets and arrows, in type theory. By comparing the parametric models of Sys-
tem F in the literatures [Hasegawal, Hasegawa2, BAC] with the formal theories
of parametricity in the literatures [ACC, PA, T}, we find out the interpretation
of category theory into type theory as following:

Category theory Type theory
Object — Type
Exponential cabgect.} .,
Hom-set
Arrow —— Element of the type
Limit — Universal type

This interpretation is very attractive. Therefore, we preserve this interpretation
in extending our theory.

According to the interpretation above, there exists a category which is in-
terpreted as the collection of all types. Here, we write * for the collection of all
types, as is done by Barendregt [Barendregt], and we write §2 for such category
interpreted as %, as is done by Hasegawa [Hasegawa3]. Then, the functors of




Q into €2 should be interpreted as a term of type *+ — %. System F does not
have the object of type * — %, thus the functors are not internal objects in the
formal theories of type theory in the literatures [ACC, PA, T]. On the other
hand, the system Aw in lambda cube has such objects of type * — %, namely,
AX :x. T3 X ik &

Our motivation is to extend the theory of parametricity to a formal logic
which includes Aw, and prove some semantical properties on functors. For ex-
ample, we will show the adjoint functor theorem for functors of £2 — £2, that is,
if a functor of 2 — Q preserves some kind of limits, then it has a left adjoint.

1.3 Lambda Cube

Lambda cube is studied by Barendregt [Barendregt]. It is a family of eight type
assignment systems, which are A—, AP, A2, AP2, Aw, APw, Aw and APw. The
system A2 is equivalent to System F, and APw is equivalent to the system of
calculus of construction. We define the theory of parametricity. for each system
of lambda cube by using conformity relation.

The definitions for eight systems are uniform. That is only the reason that
we define the theory of the parametricity for all of eight systems, nevertheless
the theory of parametricity for A—. Aw or APw is not so important.

We use AP2 as predicate logic for A—. AP, A2 and AP2, and we use APw as
predicate logic for Aw, APw, Aw and APw.

The systems AP2 and APw seem stronger than what is necessary as predicate
logic over A2 and Aw, because terms and proofs are not separated in the sys-
tems. Actually, the predicate logic for System F in precedent works [PA, T] is a
subsystem of AP2. Barendregt also provides other family of systems named logic
cube, in which terms and proofs are separated. But they have more constants
and rules than AP2 and APw. We use AP2 and APw because of the simplicity of
rules. We can separate terms and proofs in the discussion of this paper easily,
and it makes no problem.

The system AP with equality has a power enough to play the role of predicate
logic for AP. But the rules of equality destroys our uniformity. Therefore, we use
AP2 as predicate logic for AP, although AP2 is much stronger than what is
necessary.

1.4 Related Works

The original meaning of parametricity was as a notion for models of polymor-
phic caleuli, such as System F, which is second order lambda calculus studied
by Girard [Girard]. More recently, many researchers have had interest in para-
metricity in formal logic. In this paper we also discusses parametricity in formal
logic.

In the sense of Reynolds [Reynolds], parametricity is the property that if f
is of universal type ITX.F[X] then fT(F[R])fU holds for all types T and U
and for all relations R between the domains of T' and of /. We regards the



parametricity notion as extended into the notion for all types, just as Plotkin

and Abadi [PA] do.

Abadi, Cardelli and Curien [ACC| propose System R, a formal system for
parametricity. It is a logical system for binary relations between terms of System
F. Because it deals only with binary predicates, its expressive power is rather
weak.

Hasegawa [Hasegawal, Hasegawa2, Hasegawa3] makes a categorical model
for polymorphism. If it is parametric, then it is a categorical model for Sys-
tem R. By formalising his informal logic in [Hasegawal, Hasegawa2], we can
obtain a formal treatment of parametricity in formal second order predicate
logic, Such formal treatment is equivalent to the treatment in [PA, T]. Hasegawa
[Hasegawal, Hasegawa2] does not show the existence of the relation-frame which
is parametric for all the types of System F, although he shows the existence of
the relation-frame which is parametric for some particular types, such as pair
types, sum types, natural numbers, and so forth.

Bellueei, Abadi, and Curien [BAC] construct a model of System R from a
partial equivalence relation model of System F. This is a model theoretic proof
of the consistency of the theory of parametricity.

Plotkin and Abadi [PA] formalise parametricity based on a second order
predicate logic. In their system, the basic logic is not specialised to the treatment
of parametricity, and the axioms implement the parametricity. Takeuti [T] gives
a syntactic proof of the consistency of their system.

As a formal logical systems for dealing with semantic properties, Pfenning
and Paulin-Morling [PP] proposed calculus of construction, which is equivalent
to APw. They showed that calculus of construction can describe many semi-
antic properties. The set of axioms which we will give in this paper proves such
semiantic properties.

There are some works to formalise category theory in type theory. One of
them is by Huet et al [HS|. They work is to formalise category theory in Coq.
In their work, both objects and arrows in category theory are interpreted as
ground level object, or terms, in type theory, and Hom-set is interpreted as a
ternary relation of the arrow, the domain and the codomain. That is directed to
another direction than our interpretation, and therefore we cannot apply theory
of parametricity for their work.

1.5 Outline

Section 2 has the brief introduction of lambda cube and the definitions of our
notations. Section 3 has the definitions of conformity relation and of the axioms
of parametricity. Section 4 has our interpretation of category theory into lambda
cube. Especially, the adjunction theorem is proved in Section 4. Section 5 has
concluding discussion.



2 Lambda Cube

2.1 Lambda Cube as a Type Assignment System

Lambda Cube is a family of eight systems studied by Barendregt. We will give
the definition of them. We use the term ‘phrase’ instead of ‘term’ or ‘expression’.
First of all we will define the notions of prephrases and prebases.

Definition 2.1.1 (Prephrase) A syntactic class of prephrases are defined by
the following syntax:
M:u=Var|O| # | AVar: M.M | MM | II Var: M. M

where Var is a variable. There are of infinitely many variables. Parentheses are
supplied to parse, as (Az:M.M")(M"M""). The symbols A and IT bind vari-
ables. The notions of free variables, a-equivalence, substitution of variables,
and f-reduction are defined in the ordinary manner. We identify a-equivalent
prephrases. We write F'V(M) for the set of all the free variables of M. We write
M[M'/z] for the prephrase given by substitution of  with M’ in M.

Definition 2.1.2 (Prebasis) A prebasis is a finite sequence of expressions z :
M in which x ig a variable and M is a prephrase which satisfies the following
conditions. A sequence I' = x, : My, 29 : My, ..., ¥, : M, is a prebasis iff for
each 17,

2y @ {21 By B PU 1§LJJ§ V(M)

The set {xy,z4,...,2,} is called the domain of I', and written as dom(I"). The
length n may be 0, thus, an empty sequence is also a prebasis. An expression
x : M is called a clause in a prebasis, A prebasis I' is equivalent to another
prebasis I iff I' is a permutation of I'. We write I' ~ I'" when I' is equivalent
of I'". Note that I' ~ I'" only if both I and I are prebases.

Definition 2.1.3 (Subsequence) Let I" and I'" be two prebases. The relation
I'<<I" holds iff there is a sequence i, is, ..., i, such that:
1841 <i2<-<inS<m
I'= .z, oMy, S v Mg, oo 24,3 My,
"=z : My, 25 Ma, ..., Ty s M,
We write I' < I'" and say that I' is a subsequence of I'" when there is a prebasis
I such that I'<<I™ and I'" ~ I'". It is easily seen that < is a reflexive transitive
relation, and if ' < IV and I" > I then I' ~ I".

Definition 2.1.4 (Marge) Let I', I and I'" be three prebases. The basis I’
is a merge of I and I'" iff I' < I'", I' < I'" and each clause & : M in I" appears

either in I or in I'".

Definition 2.1.5 (Lambda Cube) Let Cube be a set of symbols such that
Cube = {—, P, 2, P2, w, Pw, w, Pw}. A set ACube consists of AS for all § €



Cube. A map |- | is an injection of Cube into the power set of {*, O}?, which is
defined as below.

|2 = {(x%) }
[P| = {(*?*)1'(*‘D} l
2] = { (%%, (0, %) }
|P2| = { (%), (x.0), (0, #) }
lwl = {{%*), (0,0) }
|Pw| = { (%), (+.0), (0,0) }
lw| = { (%), (O, ), (0,0) }
[Pw| = { {x#). (x.0).(0.%),(0,0) }

Each AS € ACube is a type assignment system The judgements have a form
I'+ A : B where I is a prebasis, and A and B are prephases. The derivation
rules for each AS is the followings.

Initial rule: Tautology: Exchange:
Fx:0 I'rA:s I'-A:B
Na:AFz: A I'-A:B
(s€{x0))  (IxI")
Weakening: Quantification:
I'-A:B AT B INz:A+-B:s 'FA:s
I"e4A:p r-iz:AB:s
(I is a merge of I" and I') ((s'.s) € |S])
Abstraction: Application:
az:A-M:B I'tHzg:A.B:s I'tM:llz:AB I'-N: A
F'tAc:AM:Iz:A.B 't MN : B|N/x]

Beta-Conversion:

AR B I'-B:s r'-B:s
I'-A:B'
(s € {*,0}, B is B-equivalent to B’ by one-step -conversion.)

Only the rule of quantification depends on S. All the other rules are common.

Lemma 2.1.6 Strong normalisability, confluency and subject reduction property
on B-reduction hold for each AS.

Proof. Shown in the literature [Barendregt]. 0
Definition 2.1.7 (Term, Type, Formula, Predicate, Kind, Phrase, Ba-
sis)

A prephrase A is a kind iff some AS derives I' - A : O,

A prephrase T is a type iff some AS derives I' F T : %
A type is also called a formula.



A prephrase P is a predicate iff some AS derives I' = P : A for some kind A.
A prephrase M is a term iff some AS derives I' - M : T for some type T'.

A prephrase is a phrase iff it is a term, a predicate, a kind, or O,

A prebasis I' is a bagis iff some AS derives I'F A : B.

Notation 2.1.8 A notation A — B is an abbreviation of ITx : A. B, where @ is
fresh. We write AzT.e and H::T..P for Ax:T'.e and Hz:T.P. We write Azy.e for
AzT MyYe, and Hxy.P for Mz .MyY.P, and so forth.

Notation 2.1.9 We write e =) f for B-equality, because we sometimes use 3
as a meta-variable.

2.2 Lambda Cube as a Logical System

We regard AS’s as logical systems as well as type assignment systems. Thus, we
define the notions of axioms, theorems and so forth over the systems of AS’s.

Definition 2.2.1 (Infinite Basis) Let I' = {z; : T;},c, be an infinite set
indexed by ordinal numbers less than an infinite ordinal number a, where for
each i < e, x; is a variable and T} is a phrase. The indexed set I is an infinite
AS-bases, or an infinite bases of AS, iff for each i < a,

-z € {=z;|j<i}, and

— there is a finite sequence of ordinal numbers i,,is, ...,i, such that 0 £ i)} <
ip < -+ < iy <t and AS derives z;, : Ty, ..., @y, = Ti, B T; : s where s is % or
.

For a bases or infinite basis I" and an infinite bases I', the relation of subsequence
I' < I' is defined in the similar way to that for finite sequences.

Definition 2.2.2 (Derivation of Infinite Basis) For an infinite AS-basis I,
we say that AS derives I' = A : B when there is a basis I such that I" < I" and
AS derives I'" |-.

Definition 2.2.3 (Axiom Set, Theorem) Let 4 = {a; : A;};cn4n be an
finite or infinite bases of AS such that AS derives F A; : * for each ¢. Then, we
sometimes regard A as an aziom set. If AS derives '+ P:*and I AF M : P
for some phrase M, then we call P a theorem of A, and we say that A proves P
in AS.

Notation 2.2.4 We use the following notations when we regard these types as
formulae.
P>Q:=P—-Q, Va"P:=Vz:T.P:=Hz:T.P,
PAQ=VX*(PDQ@>X)DX.
z=y=VXT>T*» Xz Xz, &Gpr=iTyl.z=y
Let P and Q be predicates of kind A = Tz]*...zT x, then
PLCQ =Yry..xy. Pry...ty D Qay... iy,
P2Q:=PLQANQLP, S4=>2XYAXoY.



3 Axioms of Parametricity

3.1 Predicate Logic Over Terms of Each System

We define AS for each AS. Each system AS play the role of second order pred-
icate logic over terms of AS. Second order universal quantifying appears in the
definition of parametricity. Hence we discuss the formal theory of parametricity
of the system AS on AS regarded as the logical system. The formal definition is
the follows.

Definition 3.1.1 A map § — S is a function of Cube into Cube such that
lS| [P2| U |S|. Thus, S = P2 for S € { =, P, 2P2}andS_-Pu,f0r
Se{w, Pu, w, Pw}

We will define the axioms of parametricity for terms of AS as formulae of
AS. The conformity relation ((—){} played the essential role in the theory of
axiomatising parametricity for System F in the literature [T]. We would like
to define this conformity relation for each system of A-cube. As for System F,
the relation {(T){®?} is defined by induction on T. There are only types appear
as subexpressions of a type. Therefore it is sufficient to define (7){®} only for
types T'. But, in the systems of A-cube except for A = and A2, there are many
objects of other levels appears as subexpressions of a type. Therefore we have to
define ((P)1®} for P which may not be a type. In order to define that, we define
a notation (P : a){®} and call it the kind of conformity notation.

3.2 Kind of Conformity Relation

Definition 3.2.1 (Double Assignment) A double assignment is a set of ex-
pressions of the form (e, f)/x which satisfies the followings:

— Each component (e, f)/z € @ consists of a variable z and two phrases e and
I

— For each variable z, there is at most one component (e, f)/x € ©.

The component (e, f)/z € @ means that € assigns the pair of phrases (e, f) to
the variable x.

Definition 3.2.2 (Domain of a Double Assignment) Let @ be a double as-
signment such that @ = {(ey, fi)/z1,(ez, f2)/®2, ..., (en, fu)/2n}. Then dom(O)
is the set of variable such that dom(®) = {x1,x2, ..., 2, }. It is called the domain
of the double assignment €.

Definition 3.2.3 Let @ be a double assignment such that @ = {(ey, fi)/x,
(2, f2) /T2, ey (€ny fr)/Tn}. Then @' and O are the substitutions of the dou-
ble assignment, which are defined as @' = {e;/z1,e2/22,...,€n/0n} and OF =
{flfﬂTl;f'z/Iz,---qfn/l'n}-

Definition 3.2.4 (Double Assignment for a Declaration) Let I" and I"
be declarations. Let @ be a double assignment. Then the double assignment &
is a deuble assignment for I' under I'' iff @ satisfies the followings:



- dom(@) C dom(I").
— For each z : T € I', either z € dom(@) or "z : T.
For each component (e, f)/x € @, if I' - x : T, then I - ¢ : TO' and
e rer.
If @ is a double assignment, for I" under I, then we write I - I'> 6.

Definition 3.2.5 (Kind of Conformity Relation) Let P be a predicate of a
kind v under some I'. Let @ be a donble assignment. Then the kind of conformity
relation of P : a is defined as below:
(P : «)1®} .= POl 5 PO™ - »
(P : Hz".a){®} = 2,78 2,787 (| Pz : a){®@122)/c}
for some type T under I.
(P : IIX?.a)i®} .=
X, HQ'XQ,'KQ"_HY X 6D{G'IX"‘\’2);'\'}.(]PX ; aD{Q‘(.‘ci.Xa)f-\'}
for some kind 3 under I".

Lemma 3.2.6 Let I’ and I be declarations. Let @ be a double assignment such
that I' - I'> @. Let ev be a kind and P be a predicale such that I' - P : o,
Then, it is derivable that I'" + (P : a)1®} : &

Proof. Induction on a. 0
Proposition 3.2.7 If a =, 3, then (P : a){®} =, (P : g)1®},

Proof. Easy. 0

3.3 Conformity Relation

Definition 3.3.1 (Multiple Assignment) A multiple assignment is a set of

expressions of the form (e, f)/z or of the form (e, f,g)/x which satisfies the

followings:

~ Each component ig either of the form (e, f)/x which consists of a variable x

and two phrases e and f, or of the form (e, f,g)/x which consists of a variable

x and three phrases e, f and g.

~ For each variable z. there is at most one component (e, f)/x or (e, f,g)/x € 6.

The component (e, f)/z € @, or (e, f,g)/x € &, means that @ assigns the pair

of phrases (e, f), or (e, f,g) respectively, to the variable z.

Definition 3.3.2 For a multiple assignment @, the double assignment ' is

defined as (e, f)/x € O iff (e, f)/z € O, or (e, f,g)/x € © for some phrase g.
In other words, for a multiple assignment @, the double assignment @'" is

made by omitting the third phrase in each component of @ with three phrases.

Definition 3.3.3 Let @ be a multiple assignment. Then the substitutions @
and @ are defined as @' = (@'")! and O' = (O')".

Definition 3.3.4 (Multiple Assignment for a Declaration).



Let I" and I'" be declarations. Let @ be a multiple assignment. Then the Mul-
tiple assignment @ is a multiple assignment for I' under I' iff © satisfies the
followings:
dom(@) C dom(I).
Foreach z : T € I', either z € dom(@) or I+ ux: T.
~ For each component (e, f)/x € @,if I' F « : T, then the following is derivable:
I'-Te: x, "eFTer : x,
IFe:TE, 'y f: 10"
- For each component (e, f,g)/x € @,if I' F z : T, then the following is derivable:
r"rret:o, I'+Ter -0,
IMte:Te, I'r f:TO"7,
and I" & g : (jz - T){®L.
If @ is a double assignment for I under I'', then we write I = I' > 6.

Definition 3.3.5 (Conformity Relation) Let P be a predicate under some
I'. Let © be a multiple assignment. Then the kind of conformity relation of P is
defined as below:
~ For a variable X*,
(XW® = =,  where X & dom(0)
(xHtet =@ where (P, P2,Q)/X € dom(O)
- For a type T and a term e under I,
(I : T.P)){e} = Aylﬂx:T,P]F)lz(ﬂz:’f‘.f—‘ls*_
Va:]7'91,.:-2T9'.({T)){9}:r1.1:2 5 «T»{e.(r-l w2l e} (yxy ) (zas)
Az : T.PYO} ;= A3y 7€', TO" ((Pr)){Oilaraa)/z}
(Pe){®} i= (P){6} (e6)(cOT)
— For a kind e and a predicate () under I,
(11X : a.PH1} =
VX, a@' Xzoe"_vy - ([X : aD{a"‘,tX;..\'anX}.((P»{el,t.h.X;.YJ/.\’}
(AX : a.P)®} =
,\XIQGEXE“QF_)‘}-" : (IX : aD{@"’.(.‘;‘.,Xﬂ/.\’}_«P»{H'[.‘6'|'.\';;.}"),#X}

(PRYIY := (P)IEH(QO")(QOT)(@)!

Lemma 3.3.6 Let I' and I'' be declarations of AS. Let @ be a multiple assign-
ment such that A\S derives I' = ['t>6. Let e be a kind and P be a predicate such
that AS derives I' - P : .

Then A8 derives I'" - (P){6} : (P : a1}

Proof. Induction on P. O

Notation 3.3.7 If the multiple assignment is empty, then (P : a)) := (P : a!}
and (P) := (P)!}. Suppose that '+ T : %, I'+e: T and I"+ f : T. Then
{TYef is a formula under I'. We read this formula {(T)e [ as e is conforming to
f,oreand fis conforming to each other.

Proposition 3.3.8 If P =, Q, then (P){®} =, (Q)1®}.

Proof. Easy. 0



Remark 3.3.9 If P is a A2-type, and all the phrases in @ are A2-phrases, then
the conformity relation (P){®} is equivalent to that in the theory of axiomatis-
ing parametricity for System F. Thus, this definition of conformity is an extension
of that in the theory of axiomatising parametricity for System F.

Definition 1. (Axiom of Parametricity) Let T be a type under basis I" in
AS. Then, the ariom of parametricity for T' is defined as: Par(T) := &gr = (T).
The set of avioms of parametricity for AS is defined as:

Par)g == {VI['Par(T)| AS derives I' - T": * }.

3.4 Consistency

Theorem 3.4.1 (Consistency) Parys does not prove YX* Va¥Xy¥.az = y.
which means corruption of calculation.

Proof. The proof is done by using the relativisation which is similar to that in
[T]. The relativisation reduces the consistency of Paryg to normalisability of AS
which is shown in Lemma 2.1.6. O

Remark 3.4.2 The formula YX*Vz*y* .z = y means corruption of calcula-
tion.

4 Category Theory

We will show an application of the theory of parametricity to a category theory
in formal system. First we will interpret category theory into APw. Then we
show an internal theorem, which is adjunction functor theorem.

4.1 Basic Notations

Definition 4.1.1 (Category, Object) A kind is regarded as a category. A
predicate P of kind A is regarded as an object of the category A.

Notation 4.1.2 Let M be a type or a predicate, and I" be a prebasis such that
I'=sax :1,,..,2,:T,. Then,

Or.P=VI.P:= Oz". 2T, P,

ALM = Az)tale . M,

MI := Mxy...¢y.

Definition 4.1.3 (Hom-set, Arrow, Identity, Composition) Let I be a
prebasis and ' be a category such that C' = II1*. Let A and B be objects of
the category C. Then the type

A5 B: =0T AI' - BI' (= AC B)
is regarded as the hom-set Home (A, B), and a term f of type A = B is an
arrow of Home:(A, B). For an object A of a category C, the arrow

idy = Al 2T 2



is regarded as the identity arrow of P. For arrows f: A = A’ and g: A" = A",
the arrow

goc f = Az gIl'(fI'x)
is regarded as the composition of f and g. We sometimes omit the type index
and write only o for oc.

Proposition 4.1.4 For arrows f : Ay = Ay, g: Ay = Ay, and h : Az = Ay,
we have ida, o f =) foida,, and ho(go f) =x (hog)o f.

Notation 4.1.5 eo (f,g) := Azy.e(fz)(gy). This notation is similar to fog =
Az f(gx).

Definition 4.1.6 (Functor) Let C, D be categories. Let Fipe be a predicate
of kind C — D, F,.q be a predicate of kind (Fyype : €' = D)), and Fppe be
a term of type ITXY : C.(X = Y) = FypeX = FyypeY. Then, the internal
formula that
the triple (Ft'ype:Fpreds FE{MC) is a functor of C into D
denotes the conjunctions of the following formulae:
— Identity Expansion: VX : C. Fored X X&x =& FiypeX
— Functoriality:
VXX'YY':CVz: X 3 X'Vy:Y Y.
Vo : (X : CYIUXXDVXY oy (Y = CPUYYDIYE
dCol(x,y) D Fprﬂd,’fyda C Fpmdl—’}”{ﬁ.’o(_Ffmm.\'_\”.!‘.. FfuncYY"!“))

Notation 4.1.7 Let F be a triple (Fyype, Fpred: Ffune) which is a functor of '
into D. Then, we write simply as follows:
F(A) := FyypeA for an object A: C,
F(®) := Fpeq AB® for a predicate @ : (X : c)HABY/ X}
F(f) := Fiype ABf for an arrow f: 4 - B
Then identity expansion and functoriality is written as follows:
— Identity Expansion: VX. F(&gx) = &g p(x)
— Functoriality: VXX'YY'zyd. ¢ Copo (x.y) D F(o) C F(p) o (F(x), F(y))

Proposition 4.1.8 Let F' be a functor of C into D. Let A, A" and A" be objects
of C. Let f and g be arrows such that f: A= A" and g : A’ = A". Then, the
system Aw or APw proves that

F(ids) = idpay and F(goc f) = F(g)op F(f),

We can describe the notion of adjunction in APw, that is, we can describe a
formula of APw which states that a functor F' of a category C into a category D
is a left adjoint of a functor G' of a category D into a category C.

4.2 Adjunction

Notation 4.2.1 Let € = IIT* be a category. and A be an object of C'. Then,
H'z : T.A:=AlHzT AT
T 23 A:= II't" A where X is fresh.

Note that both IT'z7.A and T = A are also objects of .



Remark 4.2.2 Let F' be a functor of C into €. Then II'X© .F(X) plays the
role of limit.

Definition 4.2.3 (Preserving Limits) When we say that a functor ¥ of C
into C' preserves limits, we mean a formula which states the following condition
internally:
The following two arrows are isomorphisms and natural with respect to A
and T where T is a type.
Jr.a = APl A2) T By yz)z : F(II'zT.Az) 2 I'z” F(Az)
3y = AP XAX) XC payyX)z: FUI'XC .AX) 2 IT'XC . F(AX).

Definition 4.2.4 For a functor F' = (Fype, Fypeq: Ffune) of C into ', the

triple F = (F t;pe’ F pjw.d' F :M} defined as follows:

Fﬁ;p{! o )\X("_ H!Y("-(-Y 2, FD/)) 45Y
F;md = _((AX("_ H’}"‘-".(X 5 ZY) 4 }-'»{(‘_'_"(‘” .C'—K?’,Fpmdj/z}

Ff:‘.nc = AXCXC AgX =Y AT AGFXIT AP AL XI=F 500
where €' = I+ and C' = ITT" .+.

Proposition 4.2.5 Par,, proves that for each functor F of C into C', the
triple F 7 is a functor of C' to C.

Theorem 4.2.6 (Adjoint Functor Theorem) The azioms Paryp, proves
the formula which states the following assertion.
If a functor F preserves limits, then F 7 is a left adjoint of F.

Remark 4.2.7 If F preserves limits, then F7X is isomorphic to IY.F(X —
Y) = Y, which is close to =F(=X) logically, as is mentioned in the introduction
of literature [Hasegawa3.

4.3 Examples

Example 4.3.1 (Exponentiation and Product) Let A be a type. Let (4 —
—) be a functor of # into * which maps an object B to A — B. The formal
definition is as follows:

(A= =)type =AX"A X

(4— “}pred = (A — _)iype»

(A = <)fune =AY 2X ¥ yAX g0y
Then, this functor (4 — —) preserves limits under Par,,. Therefore, the left
adjoint (4 — —) 7 is the functor which maps an object B to ITX : .(B — A —
X) — X, which is isomorphic to A x B=IIX : (A 5 B = X) = X. Thus,
the axiom set Pary,, proves that the functor (A x —) is a left adjoint of (4 — —).

I



Example 4.3.2 (Existential Quantifier) Let T be a type. Let K be a functor
of % into T — * which maps an object P to Az”.P. Then, this functor K
preserves limits under Paryp,. Therefore, the left adjoint K™ is the functor
which maps an object PT=* to ITX* : (P = Az”.X) = X, which is identical to
vX*.(vzT.Pr D X) D X. This is the standard encoding of Jz? Pz. Thus, the
axiom set Par,p, proves that the existential quantifier is a left adjoint of K.

Example 4.3.3 (Universal Quantifier) Let T be a type. Let V be a functor
of T — * into * which maps an object P to Hz7.Px = V2T .Pz. Then, this
functor ¥ preserves limits under Par,p,. Therefore, the left adjoint v is the
functor which maps an object P to IXT~" : (P — zT Xz) = X. We can
prove that this ¥ P is isomorphic to KP under Paryp,. Thus, the axiom set
Par,p, proves that the universal quantifier is a right adjoint of K.

5 Conclusion

5.1 Main result

The extend the theory of parametricity in lambda cube, that is, we defined the
theory of parametricity for each of eight system in lambda cube. The definitions
of them are uniform, and the theory of parametricity for A2 is equivalent to that
in the precedent works [PA, T]. This fact certificate our extension.

In some systems in lambda cube, We can deal with several notions which
come from category theory. Especially, the system Aw can deal with functors
and adjunction. The theory of parametricity for Aw proves the adjoint theorem.
This is our main result. The theory of parametricity for Aw is a theory in the
system APw, which is equivalent to the system of calculus of construction. There-
fore, we paraphrase our main result as the following: We formalised the notions
of functors and adjunction in calculus of construction, and proved the adjoint
theorem by the theory of parametricity.

5.2 Future work

We have many other properties which we did not discuss in this paper. Poll
and Zwanenburg proposed to put a useful property ParQuot as an axiom in
his paper [PZ]. The formula ParQuot states that for each type X and for each
equivalence relation R over X, there is a type @ which denotes the quotient
domain obtained by the domain X divided by R. Hasegawa Masahito has the
conjecture that ParPw proves the axiom ParQuot.

As for category theory, our theory can give the interpretation of only the
restricted categories. The class of such categories is called Uni by Hasegawa Ryu
[Hasegawa3]. It seems attractive to extend the class of categories which can be
interpreted. The systems of A-Cube has only four levels of objects, which are of
terms, of types, of kinds, and of 0. In order to extend the class of categories, we
need to extend our type theory with more levels of objects.
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Feasibly constructive analysis
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In the constructive theory of real numbers developed, for example in [4,
Chapter 5], we assume that a universe i of functions on natural numbers satisfies
certain closure conditions; a very weak axiom of choice QF-AC,:

vm3nA(m,n) = Ja € UVnmA(M,a(m)) (A quantifier-free)

expressing the fact that U is closed under recursive in is assumed in [4, Chapter
5.

On the other hand, various classes of functions on natural numbers have
been defined as function algebras [1]; a function algebra is the smallest class of
functions containing certain initial functions and closed under certain operations
(especially composition and recursion scheme). For example, A. Cobham 2]
characterized the polynomial time computable functions as the smallest class
closed under bounded recursion on notation; see [3] for other characterizations
of the polytime functions.

We give some elementary results and problems on the constructive theory
of real numbers and analysis with a universe {{ which contains zero-function
0(m) = 0, projection Pf'(mi,...,mn) = mg, the binary successor functions
so(m) = 2:m, s1(m) = 2-m+1, the length in binary function |m| = [log, (m+1)],
addition +, cut-off subtraction = (m ~n =m —n if m > n 0 otherwise) and
pad(m,n) = 21"l . m, and closed under composition: if g1,... ,gx, h € U, then
there is an f € U such that

fOm) = h{gr (), ... , gu()).

Furthermore we assume that a universe I contains a pairing function (-, )
and its inverses m, e such that

m((m,n)) =m, m((m,n)) =n;

for then (m,n) codes the integer m —n, {m,n) = (m',n') if m +n' =m' +n,

(m,n) + (m',n'y = (m+m' n+n'),
—(m,n) = (n,m),
l(m,n)| = (m=n)+(n-m),
padz((m,n), 1) = ((pad(m,1),pad(n,1))



etcete; and then (i,m) codes the dyadic rationals i/2!™! where i is an integer,
(2,m) = (3,n) if padz(i,n) = padz(j,m),

(1,m) + (3,n) := (padz(i,n)+ padz(j, m), pad(m,n)),
—{i,m) = (—i,m),
(@, m)| = (Ji],m}

eteete.
A real number is coded as a sequence {p, }, of dyadic rationals such that

Yinn (|pm — pal < o-iml & 2""') .

For real numbers x := {p,}, and y := {g, }n,

t<y = 3IIn (q,, — Pn > 2"“1'_3) .
r=y = =(r<yVy<uzx),
Tty = -{Pnl(n) + f].]_[u)},

- = {-_pl'l}l

[z = {lpal}-

Definition 1. A sequence of real numbers {x, }m is a double sequence {{p!" },, }:n
of dyadic rationals such that {p]]'}, € R for each m. A sequence {x,}, of reals

mn

is sald to converge to @ with moedulus 3 € N — N if
Vkn(|z — 2arqn| < 271H).

Then r is said to be the limit of {z, },. A sequence {x,}, of reals is said to be
a Cauchy sequence with modulus a € N — N if

Vk"rn'n'“mnk-‘rn - Iuk+n‘ < 2_|k|).

With the above definitions, we can show that the set of real numbers is
complete by virtue of the closure under composition of our universe 4.

Theorem 2. Each Cauchy sequence of reals converges te a limit.

Furthermore, if we assume that our universe ¢/ is closed under full concate-
nation recursion on notation (FCRN) which is used in [3] to characterize the
polytime functions: if g, ho, hy € U with ho(m, i, 1), by (m, 7@, 1) < 1, then there
is an f € U such that

f0,7) = g(d),
f(S;(I'ﬂ),ﬁ) = sh.‘(m.ﬁ._f(nl.'r:l'}}(f('"t'!ﬁ)) {if@ “}é 0orm # U}:

we can prove the following form of constructive versions of intermediate value
theorem.

Theorem 3. Let f € [0,1] = R be continuous with £(0) <0< f(1). Then

Vk3z € [0,1] (lf{z)[ < 2-!’=1) .
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A. King P8 University of Bath, UK.
AABIL " Almost Koszul Algebras”

Abstract:

We show how a certain computation with adjacency matrices

of graphs may be interpreted in terms of the homological algebra
of preprojective algebras.

More precisely for all but the Dynkin graphs the corresponding
preprojective algebra B is a Koszul algebra of global dimension 2
and the dual algebra A may be described explicitly.

Koszul duality implies, amongst other things, that A is the
Yoneda Ext algebra for B and vice versa.

When the graph is Dynkin the algebras A and B are “almost’
Koszul dual to each other, in a sense which may be made precise,
and the Yoneda Ext algebra for B is a twisted polynomial ring

in one variable over A, and vice versa.

* Kk ok ok sk ok ok ok ok ok K ok ok ok ok ok ok ok ok ok ok ok ok ok k ok ok ok ok %k

W. wang FliJ& North Carolina State University, USA
A kIl :The McKay correspondence: themes and variations

Abstract:

The classical McKay correspondence is a bijection

between finite subgroups of SL_2(C) and affine Dynkin diagrams
of ADE types. In this talk we will explain and compare

two constructions, using Hilbert schemes and wreath

products respectively, of vertex representations of

affine Lie algebras starting from finite subgroups of

SL_2(C).



Large deviation principle for additive functionals
corresponding to Kato measures

Proeer (RAC KRR AR B E 20
11/30,/2000

Let (B;, PY) be the d-dimensional Brownian motion on R In [R], he proved the large
deviation principle for additive functionals of Brownian motion of form

-i-'[: V(B)ds, V€ By(RY. (1)

as t — oc. Here By(R%) is the set of bounded Borel functions on R%. Our objective of
this talk is to extend this result to a certain class of additive functionals associated with
positive Radon measures. More precisely, let D be the classical Dirichlet form:

D(u,v) = [Rd Vu - Vodz for u,v € H'(RY),

where H'(R?) is the Sobolev space of order 1. Let g,(x,y) be the a-resolvent density of

the Brownian motion: - i 5
T
T, y) = e~ ———e™ 3t dt
gc‘l( y) .[] (Z}Tf;)d(?

and G.pu the a-potential of a positive measure i
Gap(z) = fR ,9al@,y)dp(y).
A positive Radon measure p is said to be in the Kato class (u € K4 in notation) if
Jim |Gati]|ss = 0.

For a measure p, let pr(-) = p(B(R) N-) and pge(-) = p(B(R)*N-) (B(R) = {|z| < R}).
We say that a measure p is locally in the Kato class (i € Kajoe in notation), if pp € Ky
for any R > 0.

For = pt — pu= € Kgjoe — K, let

C(0) = —-inf{%D(-u,u) = 0_/Rd a*dp - ue H'(RY), /Rd wide = 1}.



Here i is a quasi-continuous version of u € H'(RY). From now on, every function u in
H'(R?) is considered to be quasi-continuous already. Let I()\) be the Legendre transfor-
mation of C'(0):

I{)\) = sup{A8 —C(0)}. IeR.

feR!

For g € Kyjue. there exists a unique (up to equivalence) positive continuous additive
functional A} which is in Revuz correspondence with p (cf. [ABM)]): for any y-excessive
function h (v > 0) and positive Borel function f

: 1 nlll 4 ) — s

lim fR ! ( [ﬂ f(B_.,)dA;) h(z)dz = [R fl@)h(2)dp
If p is absolutely continuous with respect to the Lebesgue measure, say u(dz) = V(z)dr,
then A{ is identical with [} V/(B,)ds. For p = pt — p= € Kajoe — Ka. let Al = AP — A4,
We then have
Theorem 0.1 (i) Let p € Kyjoe — Kg. Then for any open set G C R!,

]. 4 A‘u.
lim inf — log PV (—’ € G) > — inf I(X).
oo { { \eG

(ii) Let p€ Ka— Kq. For any closed set K C R',

]. “a’ Ai‘l’
Ijmsup?log Py (T € K) <~ }2}1;1()\).

f—oo
s o} .
Then we have

Theorem 0.2 For u € K, C(0) is differentiable at 6 = 0. Moreover, if d =1 or 2, C(6)
is differetiable on R'.

We introduce a subeclass KF° by

Ky = {,u €Ky l‘iim |G 1 ge

Corollary 0.1 For p € K¢, Al'/t tends to 0 exponentially: for any ¢ > 0
U Py
hmsupz log P, Fy >e] <0.
t—oa ;

As a result,
m

A
lim =+ =0, PY¥.ae.
t—o {
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Adaptive Finite Element Methods for
Nonlinear PDEs

Zhiming CHEN

Institute of computational Mathematics
Chinese Academy of Sciences
Beijing 100080. P.O.Box 2719. China

Abstract. The adaptive finite element method based on a posteriori er-
ror estimates has attracted ever increasing interests among mathematical
and engineering communities. This method provides a systematic way to
resolve the singularities of practical problems but still keep the total compu-
tatioal costs in minimum via locally refining and coarsening the underlying
finite element meshes. This property is particularly important when solving
nonlinear problems since it is often for nonlinear PDEs the singularities are
coming from the nonlinear nature of the problems which are a priori un-
known. rather from the rough coefficients of equations or from the geometry
of the underlying domains as in the case of linear elliptic and parabolic equa-
tions. In this talk 1 will first introduce the basic ideas of the method and
demonstrate its effectiveness through a linear elliptic equation with strongly
discontinuous coefficients. Then [ will report our recent efforts in solving the
time-dependent Ginzburg-Landau model in superconductivity (joint work
with S. Dai). Numerical results will be reported.
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=8

oo A AeFHRE,. 7 — L ZARED Moduli 2@ 2 %2 MEOREEZEZ 5,

— %= Moduli 2% =232 MET BB ERMBETSTREEE LY, =
it Mumford @8R ENGR (GIT) OLHTHILESNEZEZ FTHA, L
LENRBIEVDC L TEERMNRE T STHDIT 507

ZOBE AR FIELIEY DS,

(1) Stability (Mumford GIT)
(2) 77— # ¥ X 5 Embedding O HER,
(3) Mumford ¢ One-parameter family

el oA L, INABIZAEMIZRERZBETHY, R—DLwvwa 2
IRBE L7 —< A BHkiEE 5 2, 7T—~ZREO Moduli 2 Ay v PFIL =
R ML SQun BHEAZD, 5Qun AT A T AR Moduli Z2f 4344 R 722 dh
0> Moduli BRI O =232 MELTHLO LFERZREWRT. Ay v O BHRRBITFH
fea Ry METHhB, 2L NiE3ULEOBKRTHS,

g=1,N=3 L\ B/ OHEILFi 3 KilismoOFELICRs, T3 kil C 23
GIT-Stable Thd =D DLEA3&MEIE, C »° Hesse @ 3 Wil

:Cg +.‘12? +x§ —proryza =0 (pe€ PI)

DOED LR ERDZE TS, —7%. Hesse ® 3 Kihi#RiL Heisenberg BE L\ 5 {iL
¥ T ORMRBETAER I KREBRE LTHESITOND, u=00 DL X Hesse 3 ¥l
MIZ3AROEMROB L2V, p= oo OFHETIE, Hesse 3 Kb Di%IE, Mumford
@ One-parameter family DFB2 b O ER—R{TEH, —RERDZ T 6D ERIT
LTFEETH D, Hesse cubic izl 0EEEBERTIC—R(LTES, ELTE
FLAs (1)(2)(3) DEMEMEIZIZAVE B,

T OMBETEK TR EET S L, Delaunay/Voronoi 2% &\ 5 ZmESEIAEN
HH, 3 WIOHBEE L, NESCHER EOBMORBETHDLZ LADND,
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RFLETT AT b
ISH— TR B OB R E T M X HHICEIT T

PTG NS T 2 e
INAKEE

K E A b & T A EME AT SR, R RRE NN — BT A LN
B Lo TET, 2R (1), 20 X3 RRKOBEGOIICET T, i
BHRAET N L B3 — VRO 2o ) £, A#E T,
oW DEF N FRRAERATD L EBIC. 2R OB B ZEITT 572D OK
P, B R OEIE RIC W TERRE LE L E Y,

LM% k5 R LT, 1970 4 Keller-Segel [2] 2 L 0 HA S YL
B 2GR

(A
% =alAu—V -{uVB(p)}, (x.1) € Qx(0,0),
(

(KS) <_f dAp - gp + fu, (x,1) € Qx (0,x),
(7
i (7,0 =0, (x,1) € 082 x (0, )
on  on

NELHBNTWET, ZZT, u, p BENTRHEOEE DA LFREFHEOR
Az L TEH Y., V{uVB(p)} 1% u 2MEEMEOBRERE S @O ~FT Eh
HZE%, fu ZT-EOHAETLEYMENEAFICL VDWW ENE T LERLTWVE

T, B(p) HRISHEBEE & FRIEIL, bp, bp?, blog p, i (b IXIEER) DX H57%

RIS P G
=k -l [3] 1E. BB ERL NN —UEROEEREREO—DOTHAIHES
DEFTIE LT, BmE-SZ oEkERRA

i =alu—V -{uVB(p)}+ (1 =) - A), (x,1) e Qx(0,2),
ot K75K
0
€@ | L=drp-gp+ fu (x,1) € Qx (0, ),
(
Eﬂ:éﬁ: (x,!)EaQX(O,OO)
on on

FRELELE, 2L K 3 Q OREZETER,. 1 12 0<A<l THH



LoREHTd, (KS) & (CQ) ik, MAEEM & IEZEIEE T REAR T,
:mxﬁﬁﬁmﬁwwmhwa\&ﬁ@ﬂﬁaw—7r$utbfﬁ6ntﬁ%
D—if "’i’fﬁﬁ\b\‘ﬁ: L%, [4,5] iz LhuZ, 1 kot Keller-Segel H#ele 2 ot =4 -
RS imm&mh”fm—wmﬁﬁm?%\mﬁ?b§¢&-ﬁﬁﬁfé:

&/J }/J‘V fq‘ 18T v 72 7 —Lix,
Eden, Foias, Nicolaenko, 'I‘emam SElZ
4 ¥ J21Z Navier-Stokes J Pzl xf L
THAINET N 72727 —Han—>T
TN, fIiRR 75722 NKRIEERGT D2
R b EERREETHY, TTO

M2 PR T B EEE A LT,

=20ED fx;‘ra?'ﬁ,#& ZBWT, (KS) HHWE
(CR) o RIZTTRKCIZAETE D
_&mﬁnfﬂmMﬂtMuLwl%w
Runge-Kutta i & HRERILEZILIZ L
feAF¥F—AlzED, (KS) £(CQ) 1320
%mW%T FDAF—LXEETHY .,
TEMRIE—ED A —# — THOMRIZIUR
THEWHIT EMBMY ET,

INEDAF—h, HHIWIEH - LG
WEMMNES ekl Lz A% —
Az X Z)%?kﬁ't'-l'ffé's?ﬁ&: LT, 2RIL=H -
NN G FECIZIE@E Y em o MAHEIC &
") |III*L,‘P]/\5"—-./ BES R — o Bk
INB—2 DI DD —URPRENS
ZENH G NI TUVES,

ZE R

FT. WGy —

B3, By —
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Formal methods for conceptual and contextual
knowledge

Bernhard Ganter

There is an elementary mathematical framework to describe conceptual
structures: From any binary relation between two sets one can derive pat-
terns that may be interpreted as the “concepts” of the relation. Moreover,
there is a natural ordering on these concepts that reflects the “subconcept-
superconcept” relation. The set of all formal concepts of a given relation,
endowed with this order, is a complete lattice (in the sense of mathemati-
cal Lattice Theory, i.e., a structure with joins and meets). It is called the
“concept lattice” of the relation. The lattice operations correspond to the
formation of the least common superconcept and of the greatest common
subconcept, respectively.

Binary relations occur in many situations. A typical case is that we
have a set of “objects”, a set of “attributes”, and the relation of “an object
has an attribute” between these two sets. To each instance of this very
general setting we can associate an algebraic structure: the concept lattice.
The lattice can be used in many ways to analyze the given data, moreover,
lattices have easily readable diagrams that can be used to visualize the data.

Unlike the concepts of human perception, the formal concepts always are
formed with respect to a fixed data set. They are “contextual”.

Over the last twenty years, this approach has been developed to a versa-
tile and powerful method of conceptual knowledge processing, with a broad
theoretical foundation and many applications, ranging from Software Engi-
neering to Social Sciences.

We give some impressions of the method and discuss recent developments.



7= NARE L DOREIR S — L & iR

W (LRI
20014¢1 A 23 H

1 BEZEET—ILEETIL

585 (forcing) 1 1963 4EIC Cohen ASEMEART OINSIMRERA D 7= HIZBESE L= Fik
T, BREERICAFARDLDTHS.

H£ORMDOATF & LTI, Zermelo-Fraenkel D/AFFR (ZF) BN¥FE EOFHEL 25TV
B, AENESRO B, WMEICWAIE, ZF 2B ROEREBAIORAZM5 LT
b5, ZF OFEARAICIRARH 2 (RERTTRELRMENFET S) Z LIk Godel DARFELR
HERHIZL > TRERTWAMN, RENRGENZF LEFETHHZ L E2FTEDITIE,
ZOMBENEBRICRY L2 X 572 ZF ABROET NV EMR L2 hid2 6720, Mk
i, TNZITHODOBORFERTHS.

W, REIEE, RS L I A RIEFESZ AW T ZF ABROETF VKT
DFHEL LTEMRESNDS, i, MIEFES L LTRIZER T —AREEZRWY, L6
® T—)UEET )L (Boolean-valued model) #M 5 Z L L AEMICRI L THS Z L 24
LI TWA, LichioTC, MlEIC L3 AKEFNVOMER, TBEEFLOME] & 17—
AR b OREEOHE) ICX-oTHRESHS. BHEEERO BN, 7—AR%&ob->
KREPOEERIERETNOERCRITTREBER5 L Ths.

L AT, T AREOHE IOV T, RBY—LOBA% AU -BIZEN 1980 £/
LITbhTW5a., ZOFEEZRHEEERICEATIRADERLZINTVT, ZLDEH
RERBFONTVS., ARMTIX, TNHOFBROI S, 1998 FETSHITEEMNB-HLOE
BT 5.

2 T—ILRELEOEES—L

wmANT, TR EDOERS —LORLMHERE & LT, “cut-and-choose” & FEIEH
BY—bERDLIICEHETD.

B 25%H7— A REETSD. F—h Gge(B) 1E, 2 AD7 LA ¥— ONE, TWo IZX o
TUTOXHIZiTbhd. F—L0FHIZ, ONEIX B @ 0 TRV p Z2fEBISRATH
ETSH. ZO%, ONE 3B n FRELTpp Vpl =p LRB L5 B OF p§,pt 2R
L, Two iZZENBLDS b—FH % BATEDERS 00X 1) %2 a, T5. ThETRT
Dn<wiZbloTHVIET, TOFRE, Two ORBAETTEEN 0 TRVWTREZ L,
Thbb A, ph >0 %2561 Two Db, £ 5 Thithid ONe DL LT 5.



D=Lk, RO LSBT, 7—ARE B OMEEZFHEIT L LOCRSTHS.
B\ kT L, 7= R B (A k)-FEK((N &)-distributive) T 5 & 13,

f\ V Pap = \/ /\ Po, f(a)

a< A J<K [:A—=n o<

THREND (\&)-DEEN B BV THEZELD LX),
ROEHIL, (v, 2)-FEMHB S — L G (B) K> THESTONDZLEFLTVS,

FHE 2.1. ([2, Theorem 1]) 7—ARE B A (w,2)-AEMTHSZ LI, 7—4 Gee(B)
IZBWTT LA ¥ — ONE DLUBBBEHFLRVWILLFETH 5.

3 EREFINY BiRHEE RIRT — L

Cohen ASEfEAEH QML IER T 5 dic A mblizg, [REETVICFEL
PRNE T e B EMT B bOThote. A MINT B58H1HEITIE, Cohen 2SRV
LODIENCE L OFENH D0, W=7 MBI 5 EHoLEOHEI, AV 55kl
EORBEICE->TRE S, ZOBTIE, BETETAMCBTEIREOEGOHEL 7 —1LR
B OIS — ADOBURIZOWT, W O DFEREBTT 5.

IEEBIZ, RO X H R—BREORMBEEZRETD.

REE 3.1. 7—AREB ICLA2WEIETA VB ZBWT, BEET NV V ZBIT5EEL
EOES RNV L, EFOCBW TREW] A7

TIT, TREW] OFKRE LTI, 222 Th_—7ARENE] B HES (Baire
OAT Y OERT) RENBEZOLNSD. ?

ERA AT HEBEECELT, VEIZBWTRAV B TKEL BEhd i L
IX, HBEKRT [LWHE] ¢EXLL TV, ThbOMEN T — A EOBERSF—
LT X o THESTBNE L VIDE, ZZCRATIMEOVDALTELZATHS,

7, ¥ —4h G (B) 82 5. Zhix, Gg.(B) TONE N p % 122507 pf, pl 1257
B35 L2B% MAMEORE {pf:j <w} EAET D) LUDLHLOT, Two 2l
D DEME Ggo(B) EFRTH B, ZOF—AIC2NTI, ROFEEBHLR TS,

SEHE 3.2. ([2, Theorem 2]) 7—ARE B ITHOWT, LTIRFEETHS.

LB ik (w,w)-7EHTHS.
2. 7 — A G, 1(B) I8 50NE OLBHERIGIITEE L2,
3. BickBiblET N VB ZBWT, R=RNV TH5,

Thbb, F—5h G, 1 (B) ICX> TRE-SIT bh 2MbIEERAOMLEE T L VwEEE
— BN LAV EWVND Z IR, TN (RLIMVERT) VB 2 TRE R
3| ZEFERTIN, EEMICEEEMNT2MEEEZESZ L5 5 A TR E D EERHS
AN

L R B EBOER~O—BRIETHHZ L3, BRHICEMTE L.
27= 2 % 1, Cohen FE¥ & FHMT 2MWHEIETIE, RNV 38 o ~— YHIEFIC/2 55, random F
B2 SmBIETIE, # RNV ZE—HEhor~~—7ANEEICES.




B LWERZMAML 22, HVEROLERKE Rzh5d) I LE2ERT M
HimE & LTEAVBNRS DN, RIZTFT Sacks Property TH 5.
w b w OFRESLE~DER S T, TRTD n<w 2V T |§(n)| <n+1Th
X% b0%, AZA—LE L5

E®/ 3.3. 7—RE B A Sacks Property # b2 & 1%, FEO VE OB frw o w i
ML, VIEERTEAT7E—L S T, FTO n<w iZ2WT f(n) € S(n) 423 b00
FFETH L EICWVS.

Sacks Property i%, [V TEBAIRBRAR—THEZEOR LVIVESOLEN, VB 25
WTNAR—REBRDEENOREATTNOERERLRD] LW RHBELRAMBTHS
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Sacks Property I, IRIZTRT V=L G q(B) IZE > TRESIT 5N 5. ONE X G,y &
FERIC, Bn FLLT p 2FREOTE {p} : j < w} KHETBH, ZHIZH LT Two
i, B o FETEn BOXTERE, 7205, |ay| =n 25 w ORPES o, 2IBETS
LDLTS. Two BHETEDDUE+ZEMHL, A,y Ve, P} >0 THS.

EH 3.4. ([3, Theorem 4.1]) 7—/ 4%k B #% Sacks Property b2 &%, #— 4
Guid(B) IZBWTT LA ¥ — ONE BHBHEBEZ LRV L LFEETHS.

Sacks Property ZFH7Bi@E e LTLELIEAVWLN S HDIT, w-boundingness &
Laver Property & 5. 4

&, 3.5. 7R B A w-bounding TH 3 &%, FED VE OB f:w — w ok
L, VIEEBTBEEK g:w—w T, F_TO n <w k2T f(n) < g(n) &45 bOK
FHETHLEEIZV D,

EE 3.6. 7—/LRE B A Laver Property Z b2 L, f£E D VE 0K fiw—wiTH
LbL, VIERT2BE g:w o w T, TRTD n<w iZ20T f(n) < gln) 25
DPIFET 56, VIZBRTHRATR—5 § T, TRTD n<w 20T f(n) € S(n)
ERDOOVBFET DL EITVS,

ZRBLOBERIC SV T Y, ZRENOHMSIT L 25 F— ARIFET 5. Gy g (B) &
Gein,ia(B) 1, Gy a(B) & RS, TnEh, B n FEIC TONE X p ZFBMEICHHE,
Two IHREZLZRE] OnNe i p ZHBEICHE, Two iE n BEIBE] LWVWIFIFET
#EITT5b0LT 5.

¥72, w*boundingness (ZOWTiE, RICFT 7 — A REOF M L 0BEELMSH
TV, EH N IZRHL, 7= B 2 (), k)-FSER (weakly (A, x)-distributive) T
b5 LT,

AVes= N AV pay

<A d<K SrA—[k]lin <A je fa)

Yo & %, B 25 Sacks Property 2 & TH, VP (250 C RNV EAS—ZABEE >E —HTH 2.
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. Hfz, EEPSH 60, B #% Sacks Property # b5 2 &1, B % w”-bounding T/ Laver Property
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8 3.7. ([5, Corollary 1.3],[3, Theorem 4.2]) 7—/VRE B {22\ T, LTRREETHS.

LB X (w,w)-BRENTHS.
2. ' —h G pn(B) BT 5 ONE OLBEEIIFE L2V,
3. B {¥ w*-bounding TH 5.

I 3.8. ([3, Theorem 4.3]) 7—/ /L% B 7% Laver Property #b2Z L%, V' — A
Ginid(B) IBWTT LA ¥— ONE BLBEE LG oW L LRETHS.

4 [EE
Rz, RO RICEET ABEERITT5.

B 4.1. AR TRA LEF— A, —RICBRENTRY, T42bb, YH0607 1A
Y—IC L LBERENREFEELRNWI LB 95, LEER-T, Two BUBEBEZESZ &
i3, ONE DAUBSERRE 2 &= 2V 2 & LBV R TH D, T TR, F2 DT —LIZONT
[MTwo A5 LB A RFD | LV 5 HEEIX, Yo X5 RiaklEERN2ME TS T 507

MR 4.2. AW CTHEE w OERT—L0HEFST0, —ROIFFEORE % b OBIR
%*— A (transfinite games) & HIEER & OBEKIZ? (ZHIZOWTIHE, B 1, 4] 2ED
RGDBFTbH TN S.)
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AAAEZBEHELT RL) & &S| 2@HERT 5. 0%, TREROIEH
WIEHEURME L MBEARLREME Lol BAAAORHRE Sh, ZThbixEFMNIC
bt Ehad., Lal, AR EZRELEORBEZZTORBOLRITITRVL. &2
b, BFLLTREeTRRAVWKRYZZ 7 TIREr : LB W EW S i
RERDBHAARRBEZEEINLTHD. ZhEHEAWEBY 7 b w27 4 4]
PESTHIRTS. fok ziE, 01 LHE 10550 1 TIIAELAEOB 5| =
RITHAETORMZERSHS. ML) ZITOLONREIHFEERH-T NE
91 bOESIZL»b6T, R TRIL) HAZb>TLED.

THEAARA LR LHERY L BB THD. THEEFORNTIZEY AN Z
LEEZD. WL, BEREKEZQBEIEH LRI L THE. BH, FFEIZ, 01
105D 1 IR2BIZFALLDTHAT 7 b= 7 REFHRL 01 1050 1
BB THARRMRI BRI TS, HiElT 0.1=1/10 L W5 RID 2L
LbHHFOERELDLEZ TS, EiTE I TiEie<, 0.1=1/10 IKFE0H
HICBT20THD. FIRERTHIET, HEOESLFHIC [0.1=1X 1/10 T
H51, 101=iF 110 Tz 2WIHIROREEERTES. bHLAALFDS
EABREL LTHRALEZLEIHTHS. LI XVIE, ZOEFODENRSEL
FEDOBHARALN RENRTX 5.

ELHONDYIC, HATRELRIZED. AR L ERORBRBEBARGL,
TRTOBRBICHHEEARLZEA L2 & T RTOEFIT QORI REM L2 B A
Lz Z MG T 5. MdimaE R ABEZHT b Cidlevo L ERR, #HED
FFIZE > THFTAREZ BT TR, T, tEEARRLORBIEER
L RAPAETIIRVOLEILT, WOMEORIENREZ 20hbibiRn, L
L, HMRBHEZIENT, £ Thot ki, ZORERKFEOKEY
BRDHZLEMHTH.
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BOCEEYICh - A E A ARK, WEL LT B A2 BELE &S W
¥ [EEMOBRRLT OYBEEMER S BRVEE, WANSRTTTH
o EESEEASE CEmE) *ARSE, ZoBELEOEL BT
BFOT AN GEHFEOAZ—) X OEEMORRSEOWEANE
BaRET AME., MHEEYIC L 2 SEHELOUMELE XD, AL,
REEYOERITHHE O TEOYEMMEE H b bTRARMLT «
Yo UBERGM. /A < UBERENL. e VEREGOMNE L. A
i OB EEE—E. AEO ARG IZEsm, BELE D& 5D /3
B — oBREFRITeFRET 5, JORETIE, FICEEHOERS
R e S EREEORE L WANWAREEREG E R EEM P AR
BdHBHESICHNWT, FERHALOYHEEEZGB LI TETH D,



1. BB, Ao7yxRHEE
a1 P
o M
BHKICE> TEZRESINE A—adic modular form 1Z
DNWTEETSELEDBI ZfthEd A A0
ZZ I D modular ordinary (lefm nlatlon DFERR7IL EN

DWTEHAT %, /=, FORED2EHKDOEIV
Y—HOER. AEETFHOREZENT 5,

2. kA1 7 —RE2EK
p-adic L-function

o H

2R D ordinary Galois deformation IZX9 % 31—
wvyﬁﬁéﬁz S H5ICEDOI—)Y UERIT
KLMBROAA T—RDBRELT2EED p
adic L-function M55 T EZFHBH LW,



