ENCOUNTER with
MATHEMATILS
530
va—AILNMILE27
-k RIFERFORI R -

20100 30 80 (0) 14:30 0 30 90 (O)
00000 OoOO 00 1-13-27 00000000500

3080 (0)
14:300 15:50 40000000 -Schubert D OOOOOO- OO0 0o (ooooon)
16:100 17:30 Schubert OO OOODOO (1) 000 000D (oo0)
3090 (D)
10:300 11:20  Schubert calculus: a symplectic perspective (1) 000 0000 (McMaster Univ.)
11:40012:30 OO Schubert DD OO OOODOODODOODO 000 0o (Oooooon)
14:300 15:20 Schubertt 000D C 0 DO (2) 00D OO0 (0DOO)
15:400 17:00 Schubert calculus: a symplectic perspective (2) 000 0000 (McMaster Univ.)
17:100 goooooboboooobn

goboObooooooboboboasstdooabobobuouooauobobbooooobbboooaonoon
gbobodbobooobboooboboobdoobobuooboboobobobboobboobboooo
gboboboooobbbooooobon

0000112851 00000000 1-13-270000000000O0O0O: 03-3817-1745
ENCOUNTER with MATHEMATICS: homepage : http://www.math.chuo-u.ac.jp/ENCwMATH
00 OO0 : yoshi@math.chuo-u.ac.jp / OO O : takakura@math.chuo-u.ac.jp

Hermann César Hannibal Schubert (1848-1911)

0 O O The source of this image is in the public domain
and the file was downloaded from Wikipedia.



4 RKDOBEFEDOYIFE — Schubert i J\JFHH —
& (R LBRRE)

Schubert DFANTOWTEET 25 T4ARDIER) DFEEDSIZU O 2 DHHIET,
B2 B, ofF—fE LT, $GENOOIENERD, #HEREE L 72 TEER
O, )y b7 T2 12i3Ind—F0w, 2 0ILOBEOFTETIE, RiF
LTWEDIIMEEE V) LY LAarERrY —HTTHh, £\0»)EIATBi%
KRN

ZZ¥T, A Grassmann SRR Gr(2,4) 7257z, FEDFF1E Gr(2,5) 12D
Lo btFDEE LTS, WOBED Pieri DARZEHET 5, Hodge I &
ZEEHIE ISR EL DFHITH 206, TXRTOEFED R v FIZANT
BEW,

BDEENDOLDBN ZEEL T (2N 6 WHEDO#EESS) , Schur ZIHA &
DOBYHIC il 5, Grassmann ZEkIAD Schubert ZH2% Schur %A & AR 2 &
WO =375, GEHIETETH, EH)LT—HT2DD, HiEbRW, Z
IEL TWBE AN DiIRAZTEHEIHEAN LT, —~BIHDW#EEZEHAL 5.

[[7Z Schubert 36l BT ARIITD FE Y 7 &
W (d LERRRRSE)

F=JAAZDarERY—ICHZETLE, ¥—7—Fi il TH 5. [FH
%% Schubert iz "I T 2, FELHEAOMEZAENL T, RAMLICEL & %2 &
CTWiZl), Bz H)E-o7k9) I,

Goresky & MacPherson IC & % &, —fRIEZHEA & Springer fibers DA% a2 F €
vy =2k "IN 3% %, Braden @ 7 V— 7%, FBERN 2 FIET 2 0B
ICEEAIELTD (L)ICHAZ). DAL, Schubert il & Schur %IH
ROPBHE LR E V) T =DV EODERD L ICHEZ 2 %, REEDPZD A
T, AL TA L.

S35 3R
Tom Braden, Anthony Licata, Christopher Phan, Nicholas Proudfoot, Ben Webster,
Localization algebras and deformations of Koszul algebras, arXiv:0905.1335v2.



Schubert ZHHI & Z D] (1) (2)
HIE R (AR RER AR AR

ARDIELIEE Fl, D a0 Y =8 H*(Fl,, Z) SNTHEORALARE L LTD
R, G,
H*(Fl,,Z) = Zlzy,...,x,]/(e1(x),. .. e,(z)),

(e1(), ..., en(x) IFHANHNA) L) FR2RFO T LIZRCHASN T 5, Schubert
ZWEAE X, ZDXIBRERD DT Fl, D Schubert Ji47- 6 % £ 7 k IH % EAD
BETHY, HELTWIZLEDDITROVWIEEZFf>7-bDTH 5. Schubert ZIHFAD
WER1E 1980 FARIE U ® 12 A. Lascoux & M.-P. Schutzenberger 12 & > TEA I L7
bDT, ZOBEKRTZMOIEFICHALR LD TH 555, il Z1E Schur LIHAS & It
REEHMNDALIZESTHE ) —HUTIEZR VK I TH S, Schubert ZHAD
EHZARIEP R DEHRICES T I LN TE L HDED, Ei Schubert ZHAIZ
Schur ZIHAZ Rl r — AL LCEO LI 2R L T8, MEaen - REW
IR A B L WIEE 2T, £/, MEOREZ ML LA Z T, 213 ABIDAND
=2, AEAFERY =R KBROF—2A%%2EZ CHAL L, ZHUIGU THRA 7%
M7= 5 EONEZEICRD, N6 RBSEELIEREMENRITONTV S
WNRTH S, EHEOBEHRD T, Schubert ZIEHAR DA 22 WE 12O W TEAT
% & L 12, Schubert ZHEAD 72 612DV THEIR L 2535 Schubert calculus
DA AN DWW TBLL 72\, B4R E 72 2 D1E, Monk B Pieri £
NRD X9 2 PEARS, RBOIEEN:, Z M AYEIRETH S, Schubert %H
X TipfE, & LTk, Bernstein-Gelfand-Gelfand 2363, . H Schubert M,
Grothendieck ZIH, # L CHKNWEEDGEEE LTZNo0mTILERH 5,
NoDLHRTACIZHEBIL 210D S, SRR Z R THD H 5.

AHHDOB IR TlE, BREONEZ B E 29, NilCoxeter fUE E WXL % FET]
R E DEAIRICOWTHENT 5. 2% (ZH) Schubert ZHADEE A 4
IZHEL B o> T3 13%, Schubert calculus 1281 2 B 2GR EIC T & v 7
THBICEHEFREDLSTWS, £, AT ROBHTHILS Yang-Baxter
FHE L BRI H b BRE -, 2 2 TIEFRIC, NilCoxeter f4#7% F\> T Stanley
TR Macdonald PAH & MEIX3L % Schubert ZIEA DA N HEE ICE T 2 P
DIRIND Z EZFENL T,

SE 3 ER

[1] I. N. Bernstein, I. M. Gelfand and S. I. Gelfand, Schubert cells and cohomology
of the spaces G /P, Russian Math. Surveys 28 (1973), 1-26.

[2] S. Fomin and A. N. Kirillov, The Yang-Baxter equation, symmetric functions,
and Schubert polynomials, Discrete Math. 153 (1996), 123-143.

[3] S. Fomin and R. P. Stanley, Schubert polynomials and the nil-Cozeter algebra,
Adv. Math. 103 (1994), 196-207.



[4] W. Fulton, Young Tableauz, Cambridge University Press, Cambridge, 1997.

[5] A. Lascoux, Anneau de Grothendieck de la wvariété de drapeauz, The
Grothendieck Festschrift, vol. III, Progress in Math., Birkhauser, 1990, 1-34.

[6] A. Lascoux and M.-P. Schiitzenberger, Polynomes de Schubert, C. R. Acad. Sci.
Paris 294 (1982), 447-450.

[7] I. G. Macdonald, Notes on Schubert Polynomials, Publications du centre de
mathématiques et d’informatique, Université du Québec, Montréal, 1991.

[8] L. Manivel, Symmetric Functions, Schubert Polynomials and

Degeneracy Loci, SMF /AMS texts and monographs, vol. 6, SMF/AMS, 2001.



Schubert calculus: a symplectic perspective (1), (2)
Megumi Harada (JEHZEC &), McMaster University

This will be an expository talk aimed at a broad mathematical audience, including
graduate students.

(1) An introduction to Schubert calculus: Modern Schubert calculus is a circle
of ideas and questions exhibiting a rich variety of interactions between algebraic
and symplectic geometry, equivariant topology, representation theory, and combi-
natorics. To illustrate this concretely, I will begin by briefly recalling some of the
most basic notions of Schubert calculus, such as flag varieties, Bruhat cells, Schubert
varieties and Schubert classes, and intersection theory, with an emphasis on their
role in the symplectic-geometric aspects of the subject. In the time remaining, I will
give a selected overview of some of the underlying themes and tools in the modern
approach to the subject, with an emphasis on equivariant geometric and topological
methods which apply more generally to geometric representation theory beyond the
realm of classical Schubert calculus, which will be the main focus of the second talk.
There will be an emphasis on concrete, illustrative examples throughout.

(2) Geometric ideas in representation theory: One of the great joys of Schu-
bert calculus, as discussed in the first talk, is the rich interaction between geometry,
representation theory, and combinatorics. In this second talk, I will further explore
these connections by discussing some of the key ideas which provide the links be-
tween (algebraic and symplectic) geometry and representation theory and provide
the foundations for a key component of modern geometric representation theory.
Throughout, I will emphasize the relationships between, and similarities with, the
fundamental themes and tools of Schubert calculus presented in the previous talk.

To illustrate the ideas concretely, I will again use a classical and simple but illumi-
nating example: the Schur-Horn theorem and Horn’s problem, which deals with the
question of finding tensor product multiplicities. In the process of telling this story,
I will briefly introduce some of the main themes of the subject (from the symplectic-
geometric perspective): the theory of moment maps and convex polytopes via the
Atiyah-Guillemin-Sternberg and Kirwan convexity theorems, Bott-Borel-Weil the-
ory, geometric quantization, the quantization-commutes-with-reduction theorem,
and the Duistermaat-Heckman theorem. I will conclude by giving a selected overview
of open questions, unresolved issues, and some recent exciting new developments and
work in progress in some of these areas, including work of Okounkov and Kaveh-
Khovanskii.
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