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1. 57698;:
Kostka

*=<#>
Kλ,µ(t) ?A@&B�C1D0EGFIHKJMLON0P *+<1> E;Q�RTSVU)WYX[Z�\^]`_#a1b&c

GLn(Fq) \Yd&e0DfEGg�h i`j1k�RVlnm P=o . 1981 p Lusztig ? Kostka
*#<&> q

GLn \0rs&t�uwv;xYy o zV{�| cohomology c v~} R��#���VN�z[�0�`l�����P . �^\Y�;��? Lusztig

\Y�;��� \ . D \��&@~�;\;�+E %�� i^����l)�V� , �&��\YU W^�&�&c vY� �A�G ;¡ ¢G£&¤ v} R Kostka
*1<;> \=]+_;¥ q+¦ L§N)P . ¨1P3©^NªL^lV«1¬)o zn­f])¢&i3®`¯w°�±³²�´¶µ§·¸0¹ LºN[P . Sp2n(Fq) \ }f» i "1¼ c \Y½;B , ��\�®^¯�° ±³²&´0?Y¾[¿&o)z Weyl c~\YÀ��

�;��\�Á�Â�� “symbol” ��Ã0Ä`N�zn@3B;C1D�¢1i ��Å�vAÆ Â ¢ vVÇ;È �V��É)z .

]#Ê ,
"#¼;Ë

Weyl c¶\�ÌºÍ iGÎ Ï��#�V�`Ð3Ñ�Ò[Ó1c Sn n (Z/rZ)n
q�Ô0Õ L³N , �^\

c vY� �A��µ�Ö^×�\3®G¯w° ±§²&´ v[} R Kostka
*1<;> \�Ø�Ù;Ú q=Û#Ü �AN�z . ©`N�lnÐ;Ñ

ÒfÓ+c v ¾~¿��YP Kostka
x - �AÉ » . �+�+Ý=E��`\3®G¯w°�±§²�´ lnÞ Õ z symbol \Yß�R

Ê v ?&É�H ¸3à \�á~â=Á q Q�R , �GP q ã � ¦ L³N�z Kostka
x - v µGÉªH ¸;à \`ä~å0æwçè q È&é o~z . �=E�µ limit symbol �9Ã3Ä^N~z�ê;ë[i symbol
v ¾)¿1o)z Kostka

x - ?Yêv ©&\�ì&í q �0î v i[zf�f� q JïLºN0��É)z .

2007 p Achar-Henderson ? r = 2 \Y½3B v limit symbol
v ¾[¿#o~z Kostka

x -
( �

\�½fB[Ewµ Sp2n(Fq) \ Kostka
*&<;> �Y?Gð�\�µ^\ v i[z )

q QfzVñ�\ GLn

t;uwv3x�y
o[zA{&| cohomology c v)} Rò�1���AN z0�f�Gl9���YP . ó�LA\�ô&D~?^]+_�\ r

vA� �A��µ
Î)Ï;E � zAá[â`Á q^õ É })»AvYöf÷ N~z .

Æ;ø E3? , Lusztig
à L Achar-Henderson

vYù z
Kostka

*#<�> \Y ;¡�¢��&e�\Gú�ûwlnü�ýª� , ]#_ \ r E3\� �¡�¢Y�&e�\Gþ)�)l��[ÿ z .

2. Kostka �����
¨�� Kostka

*&<&> \ Û#Ü à L��
	fz . λ1 ≥ λ2 ≥ · · · ≥ λm ≥ 0,
∑

i λi = n ��i[z�� -
\�
 λ = (λ1, . . . , λm) l n \��&k���É » . n = |λ| ��d ÷ o . � - x = (x1, . . . , xm) l��+�
� , �&k λ

v)} ã �����&¯=¾ ¹ �nNfP x
v�x o~znñ��³\ ��� *+<�> l Ô;Õ z . ©#\;�`E���µ

g�h i3\ q

sλ(x) = sλ(x1, . . . , xm) = det(x
λj+m−j
i )1≤i,j≤m/det(xm−j

i )1≤i,j≤m

E Û&Ü �VN�z Schur ��� sλ(x) E0Q0z . |λ| = n �§o�N)Ä sλ(x) ∈ Z[x1, . . . , xm] EfQ�R n� \�� � ��� *#<�> v i[z . µ »� � ¸"! ���$#�%&�'� mλ(x) l+Q;�+�)(¶� » .

mλ(x) =
∑

α∈Sm·λ

xα

1
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P"*¶� α = (α1, . . . , αm) ∈ Zm
≥0

v�� � , xα = xα1
1 · · · xαm

m E0Q�R , Sm · λ ? m
� ��� c

Sm \ Zm + \�,�� v�x o~z λ \ t;u l9d ÷ o . mλ(x) µ=¨1P �&- n \'� � ��� *#<&> E
Q0z . �AN�LA? �)� c�\Vd;e3D[E^g;h~i *#<�> EfQ3z q , �)L v�- �".+å0/n¾ � x - + \YÎ
Ï��#�A� Hall-Littlewood ��� Pλ(x; t)

q JILºN0��Éfz .

Pλ(x; t) = Pλ(x1, . . . , xm; t) =
1

vλ(t)

∑

w∈Sm

w

(
xλ1

1 · · · xλm
m

∏

i<j

xi − txj

xi − xj

)
.

P$*)� t ?�1 Û1, , vλ(t) ? t \+Q&z *^<+> E�Q&z . d+�~?�Ð$20* q Pλ(x; t) ∈ Z[x1, . . . , xm, t]E�Q�R , Pλ(x; t) ?'� - x1, . . . , xm

v#x o[z n
� \'� � �3� *1<#> v i0z . Pλ(x; t) ? t = 1

\34 mλ(x)
v ]35�� , t = 0 \)4 sλ(x)

v ]35 o�z . ©�\��76#E Hall-Littlewood
x - ?

Schur
x - �§î <�> ���¶x - l - �).#å8/ t E ¸ i:9 x - �A�fz[�0� q E � z .

Pn l n \���k";3X�\�<3B��9o z ( ��k λ
v (3É;� λi = 0 \�=���\�> É0?�?"@)o~z ).

Þ Õ L³N[P n
vY� �A� m lBA�� %�� H ß ã �)( ¹ Ä , {sλ(x) | λ ∈ Pn} ? n

� \�� � ���*&<�> ;3X�\�i&o7Ì�C Z D�c�\�E�F7l`iw� , {Pλ(x; t) | λ ∈ Pn} ?¶Ì�C Z[t] D;c�\�E"F�l
i+o . ©[�YE��^\ 2

¸ \�E�F \)G�\��)H"I�
��1�A� Kostka ���"� Kλ,µ(t) ∈ Z[t]
qGÛ&Ü �

N z (m \Yß�RòÊ v ? } L9i;É ).

(2.1) sλ(x) =
∑

µ∈Pn

Kλ,µ(t)Pµ(x; t).

Z v �[ÿ[P~�f� à L (1,1)
> v

t = 1 l�J"Kfo z~�
sλ(x) =

∑

µ∈Pn

Kλ,µ(1)mµ(x)

�ni[z . Kλ,µ = Kλµ(1) ? Kostka ���AÃ;Ä+N , @�B;C&DfEf?Vg;h~i=j1k�RAlBL0�~z - E0Q
z . Kλ,µ ? shape λ, weight µ \'M3�)N"O \�P - v ]Q5[o~zf�f� q JïL³N3�;É[z .

Pn

v'R�SUT�V"W �AÃ;Ä+N~z�M�X"Y ≤ l � \ }[»Vv Û&Ü o~z . λ, µ ∈ Pn

vV� �
µ ≤ λ ⇐⇒

k∑

i=1

µi ≤
k∑

i=1

λi for k = 1, 2, . . . ,m.

<3B Pn

v�Z�[ ¢�X�Y��]\3^~o)z�;�X)Y7l Û 	 , ©=N v�� o~z'I�
 K = (Kλ.µ(t))λ,µ∈Pn
lÔ;Õ z . o z~�_I�
 K ? �"`"a � q 1 \3b�c ` I"
 v ifz . d Õ Ä n = 4 \Y½3B�? � \ }»Vv i[z .
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e
2.2. n = 4 fhg3ijf Kostka �"�"� K = (Kλ,µ(t))

14 212 22 31 4
14 1
212 t+ t2 + t3 1
22 t2 + t4 t 1
31 t3 + t4 + t5 t+ t2 t 1
4 t6 t3 t2 t 1

3. Kostka �����kfhlQm T'n8o

1981 p , G. Lusztig ?=]+_&a&b�c�\3r s&t&u � xBp ¾ ¹ � Kostka
*&<&> \Y �¡�¢Y�#e

l�Þ Õ P . q8b0©`N l�r � o)z . V l C Z;\ n
�3, �UsutK¯$vjG , G = GL(V ) l�]+_�a&b

cM�9o�z . N l V Zf\fr s �)H�;3X�\&i&o�<0B w r s�x ) �no~z . G ? N
v Ì³Í v ,��

� , N \ G
t�u \';;X N/G ? ( r s I�
~\ Jordan ��N Ë l Ô;Õ zf�0� v)} R ) Pn � 1 y

1
v��)z o z . λ ∈ Pn

vY��z o~z G
t;u l Oλ ��d ÷ o . Oλ ? Jordan type

q
λ \fr s

�)H�;;X \�<;BfE0Q0z . Oλ ? N \h{3|
}�<3BfEfQ7R , ©&\3}�~7l Oλ ��d ÷ o . ©#\w� �

(Closure relation) Oλ =
∐

µ≤λ

Oµ

�ni[zf�f� q JïL³N3�;É[z . �;� v µ ≤ λ ?��$�~E Û&Ü ��P Z"[ ¢�X"Y[EfQ3z .

λ ∈ Pn

v^� ��� n(λ) =
∑

i≥1(i − 1)λi ��(IH . n(λ) µ�g0h¶i$��E)Q)z . d Õ Ä
dimOλ = 2n(tλ)

q a R�^ ¸ . P"*�� tλ ? λ \ Young �^b7l ��` a~Eh��R����V� ¦ L³N
z��&k (λ \�� � �#k ) lnd ÷ o . Kostka

*#<�>
Kλ,µ(t) l���bª�V� ,

x -
K̃λ,µ(t) l

K̃λ,µ(t) = tn(µ)Kλ,µ(t−1)

v~} R Û�Ü o z . λ ≥ µ
v�� � , degKλ,µ = n(µ) − n(λ) �Vi[z[�f� q JïL§N3��(�R , ©`N} R K̃λ,µ ∈ Z[t] �ni[z . K̃λ,µ(t) l��"� Kostka �"�"���nÉ » .

���1]#_ v À3�~i�J -3* ×�X X \��ML à i3��="� * ×�X Y Z0\ Û�- � C l X = Y

Z�\��&X v ¨^E DGM Î % ��Ã;Ä`N~zn�)N ¢1i�Ê�¤[E�Î % E � z3�0� q JML³N���É0z . �G\}[»Vv �A� ¦ L§N�z X Z3\�Ð;X�ln{�| cohomology Ð�XM��É;É , K = IC(X,C) � d ÷ o .

K lnÐ�X�\ �&-&�"� t E�����P µ`\ q , X Z0\=îQ�"������lnÞ Õ z . �G� HiK l�Ð;X K

\�� i ���Y\ cohomology �M��o z . HiK ?Gì a á~â+�~EfQ�R , ��� v ∈ X E[\�� Hi
vK? X Z3\�U W �3, �js�tT¯QvUG v i[z .

, \h� Û v'� ã � Y = Oλ ⊂ X = Oλ

vY� �A�`{
|�Ð�X K = IC(Oλ,C) l Ô;Õ z . �G\w� ���;- i

v�� �V� HiK = 0
q a ^~o~z . ©)�YE

v ∈ Oµ

vV� �n�
ICλ,µ(t) =

∑

i≥0

(dimC H2i
v K)ti

vf} R *#<#> ICλ,µ(t) l Û#Ü o)z . ��  ICλ,µ(t) ? v ∈ Oµ \Vß R Ê v)} L9i�É . �G\�� �� \ Û&.~q Kostka
*1<;> \� �¡�¢Y��e�lnÞ Õ z .

¡8¢
1 (Lusztig [L1]) K̃λ,µ(t) = tn(λ) ICλ,µ(t).
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�`\ Û;. à L Kλ,µ(t) ?�£�¤�� - y - \ *�<3> v i~z)�)� q�¥ à N�z . �YN~? � ÷ 	
��£MÌ � i^�0�~E[Q[z . �`\G�3� v�� o zY@0B0C&D8¦U§©¨ à LY\0®"ª8«&å3¬����Y�[? � \
Lascoux-Schüzenberger \ Û�.)q JMLºN0��É)z .
¡"¢

2 (Lascoux-Schüzenberger) M;�3N)O T
vA� ��¬0­`å;æ c(T ) �9Ã;Ä`N~z -)q^Û#Ü

�VN
Kλ,µ(t) =

∑

T

tc(T )

� d ÷ �VN z . P"* �_®�? shape λ, weight µ \'M3�)N"OwlGo&ÿ3��¯ H . ( �`\ > E t = 1 �
o~z �°q)�+�[ÿ[P Kostka

- �±M;��N�O��V\ x�y q+¦ L§N~z .)

4. GLn(Fq) f�² o�³

Fq l q P~\ , à L§i[znU~WGXª�1� , F̄q l1©#\�J - ¢Q}h~ª�§o~z . F̄q \ , l a ���§o[z
n
�3´�µ I3
$;�X~\�<�B G = GLn(F̄q) ?�J - c v i�R ,

a �¶l Fq

v'¶ W ��� ¦ LºN)z�=)�
<3B G(Fq) = GLn(Fq) ? G \�U W�=��&c v i[z . Kostka

*&<&> ?~�^\YU WGc�\Vd&e0Dª�·)¸ i xVy �n��É)z . q�bf©^N l�r � � }[» . F : G→ G, (gij) 7→ (gq
ij) l G \ Forobenius¹)º �³o[z . F ? G

à L G + \�N[Ö Ë3¹)º l§Þ Õ , G \ F » Û �Q;&X~\�<;B GF
q
G(Fq)v ]$5fo)z . q"b , GF \ C ' Q̄l Z�\Yd#e�l Ô�Õ z . �#� v Q̄l ? q l9k�L�i#É^Ñ - l
v�x

o~z l ¼ - X Ql \�J - ¢Q}h~�l�d ÷ o . ½ B l=Z�M"c ` I�
3;;X�\1i&o G \ (F 13�)i )

="��cM�§o z . B ? Borel =��;c��AÃ;Ä+N z . IndGF

BF 1 l BF \=îQ¾#d;e 1BF l GF ¨=E¿ ¥ �GPVd;e�\��;���9o z . �G\w� � IndGF

BF 1 \���À v e[N�z GF \YÀ;�&�3� ? W = Sn\YÀ;�&�;� v)} ã �k���&¯1¾ ¹ �VN ,

IndGF

BF 1 =
∑

χ∈W∧

(degχ)ρχ

� d ÷ �YN�z . P�*�� W∧ ? W \GÀ;���0�);3X¶\�<0B7l�d ÷ � , ρχ ? W \GÀ3�&�0� χvY��z o~z GF \YÀ;�&�;��l�d ÷ o . ���`F�H JïLºN0��É)z }f»Yv W = Sn \VÀ3�#�;��?
Pn

v)} ã �k���&¯1¾ ¹ �VN z . λ ∈ Pn

vY��z o z W \YÀ;�&�;��l χ = χλ �§o z � � �z o~z GF \�À��&��� ρχ l ρλ � d ÷ o��[� v o)z . ]+Ê Guni l G \3r^î$I�
Q;3X \'<
B��9o~z � G ? Guni

v'Á j[Eh,8��� Guni \fr�î Á j#Ø�\�<;B Guni/G ? Pn � 1
�

1
v

��z o z . �~L v � λ ∈ Pn

v�� � , Cλ l ��z o)z G \3rGî Á j1ØM�§o#N[Ä CF
λ

q
GF \

î&])\ Á j#Ø7l�Þ Õ z . uλ ∈ CF
λ l Á j&Ø�\�J�d , �§o z .

GF = GLn(Fq) \YÀ3���;��? 1955 p J.A. Green
v~} R�Â3; v �&���YN[P q , ©�\�ÃÄ l`i#o�Å q�� Å�Æ�ÇkÈ8É8Ê .

¡8Ë
3. (Green [G]) ρλ(uµ) = K̃λ,µ(q).

GF Å�Ì�Í)Î�Ï3Ð {ρλ | λ ∈ Pn} Ñ3ÒhÓ�ÔQÕ©Ö�×&Ø . Ù)Ú 3 Û GF Å�Ü�Ý�Î�ÏUÅ8Ü�Ý�Þ
È8Å�ß
àhá3â Kostka ã3ä�åkÈ�æ0çéè'ê , ë�ì3àkí�î�Ù3Ú 2 ï0ð
ñ (N ' Guni Å)ò�óéÅkô8Ö
È ) G Å�Ü�Ý$ÞéÅ3õhöéï"÷�ø
Ê�ù�ú cohomology ÑBûüíhî�ý3þÿè�ê
Ê��8Ö�Ñ�� ëBî�×�Ê . �
ê�È8Û ρλ Å��UÅ�ßUÛ���ÅUð�Ø�ï	��
���
����0È$ýQþUÈ��3Ê$Å����jØ�� . è��'ï����jÅ�Ì"Í
Î)Ïéï�÷
ëBî�Û���Ø	���
Ø�� . �hê"à��
î��� ��éÖB×&Ø"!Qà�#%$�ï�þ�&
Ê Lusztig !�Î"Ï�'
!�Ú�(0È8É8Ê .
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5. Ô$Õ�)�* Ë�+ , G = GLn(F̄q) *�,�-
.0/ !
ð0Ø�ï B Ñ G ! Borel 1�2�3�Ö°øUÊ . B = UT Ö42�5køUÊ . ì6�jë T Û G !7�8�9�: ��;<!�
3ø B !�1�2�3 ( =6>@?4A%BDC Ö"E%F�êéÊ ), U Û 7�86G 2Uà 1 !6H�I 3

8
96: ��;�!�
3ø B !KJ�LM1�2�30È�É8Ê . W = NG(T )/T Ñ G ! Weyl 3�Ö�× Ø . W ' Sn

È8É8Ê .

(5.1) G̃ = {(g, xB) ∈ G×G/B | x−1gx ∈ B}

Ö4NO� , π : G̃→ G ÑQP�� G 2�R�!"S0T�Ö ø�Ê . G̃ Û"UV�W�M
�ã0X0;�È�É ñ , π Û proper 
YS
ïZ
8Ê . G H�! Q̄l '�!0
$ø%[MA�\�]�^��_�a`V� êkÊ�b6c�^�Ñ DG Ö�ë , dMe8È cohomology

'kàZf G �O Z'�Ö"
0Ê	g�;��h��
kÊ	i6j61�2O^kÑ Db
cG Ö�ø
Ê . G H%!lk6m6'���;<!�
)ø�^

MG Û Db
cG !Y162n[�AD\�]%^8ï0
�Ê . Db

cG̃ ô�ò�Xéï'Ù�okÈ��3Ê . proper p�q π Ûlb6c�^
H�ï�r6qns�� Rπ∗ : Db

cG̃ → Db
cG ÑYtMb
øUÊ . Rπ∗Q̄l[dimG] Ñ G̃ H�!�Ù�u�' Q̄l !�r6q

Ö�ø
Ê . ( �M�jïlg�; K ï 7 ë'î K[m] Û m v�!lw�uyx�z{?°Ñ�æ0ç"ø ). ��! ÖD�|w0à G�}
ø
Ê .
~8Ë

4. (Lusztig [L1], [L2]) G̃ H�!�Ù�u�' Q̄l ï 7 ë Rπ∗Q̄l[dimG] Û G H�!YI0Ý0�

Zk�m6' ï�
�ñ , EndMG(Rπ∗Q̄l) Û W H�!l3�� Q̄l[W ] ÖBò�ó7ï�

Ê . ëhìQàUí�î MG

! 7�� Ö3ë�î
Rπ∗Q̄l[dimG] =

⊕

χ∈W∧

Vχ ⊗Aχ

ÖW265kÈn�QÊ . ì��Uë Vχ Û�Ì�Í W �63 , Aχ Û 76� ø
Ê G !�Ý���k�m�'üÑ�æ�ç�ø .

�Z!���Ç&Ñ GF !�Î8Ï<!���Ö����Z�y��Ê)ì6��ï Db
cG !

7�� ï 7 øjÊ Frobenius p�q
F !l�8Ç ÑZ���
Ê . ���7ï Db

cG !
7��

K ï 7 ë�î F ∗K Ñ F ï
ð3Ê K !��O�"� ë�Ö
øUÊ . F ∗K ' K ÖK
0ÊjÖ�� K Û F �)áUÈ8É�ÊéÖB× Ø . ��!&Ö0��ò�ó ϕ : F ∗K → K Û
cohomology ' HiK ! x ∈ GF È%!l�nH8ïY�)â�p�q ϕi

x : Hi
xK → Hi

xK Ñ|b�� . Hi
xK Û

Q̄l H�!ld���w���\n�h?�]0�n�QÈ�É�ÊM!$È

χK,ϕ(x) =
∑

i

(−1)i Tr (ϕi
x,H

i
xK)

ï�ðUñ�÷|u χK,ϕ : GF → Q̄l àhÙMoüèBê
Ê . χK,ϕ Ñ K ! (ϕ ï)÷hø0Ê ) ���y�"�:Ö�×&Ø . Ö
�0��ÈDk�m�'éï)Û G ò�án!l 6¡
àhÙ6oÿè'ê , K à G ò�á�
Zk�m�'n!Y¢�£ , ��!l¤6¥ ÷KujÛ
GF !�Þ&÷	uüÑ|¦n�kÊ . ¤jï K à F �3á��6§ G òháO
3Ý��6k�m6'O
_�KF)ò�ó�p�q ϕ Û0C¨ B�Al©&ÑZª�×)î��0«<�M
�!QÈZ¤6¥é÷Ku χK,ϕ ôKC ¨ BMAY©üÑ�ª"×3îM�D«���ï�Ù<¬�Ê .

Ù�Ú 4 !|­0®�È , Rπ∗Q̄l Û G ò'á��D§ F ��á%
KkZm0'�È)Ééñ , ��!�Ý�� G 2 Aχ ôY¬hì�ò¯ ¥�°jÑ²±�§ . χ = χλ ∈W∧ ï 70� ø8Ê Aχ Ñ Aλ Ö�æ"çQø���ÖBï8ë , ò�ó ϕλ : F ∗Aλ → Aλ

ÑZ³hÙ0ø
Ê . ��!7ÖZ�|w0à G ñ } § .
~8Ë

5. (Lusztig [L2])

(i) ϕλ !K´_µZ
�J6L�¶�!Uô8ÖBÈ�Þ&÷"u χAλ,ϕλ
Û�Ì�Í�Î�Ï ρλ ï��0·kø
Ê .

(ii) Aλ|Guni
' IC(Cλ, Q̄l)[dimCλ + dimT ]
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IC(Cλ, Q̄l) Ö IC(Oλ,C) ÛY¸�°<�"ï3ò ¯ f6¹üÑ"±�§ . ����È (i) Ö²£�ç�º�î (ii) !Y»¼ à$Ù�Ú 1 Ö]Ù"Ú 3 !l» ¼ Ñ ¨D½ Aéë�î8×kÊM!)È0É0Ê . �Z! Aλ à�Î8Ï�'<!�¾ Ñ	¦��
Ê .

Lusztig Û)É�Ê	¿<! G ò�á�Ý���k�m�' Ö)ë�î G !�Î"Ï�'&Ñ�Ù6o:ë , F �Qá�
�Î�Ï�'n!l¤6¥
÷	u�Ö3ë�î GF !�ø6&"î�!'Ì�Í3Î�Ï0à0`À�°ê
Ê��8Ö�Ñ��:ë�ì ([L2]).

6. Ô$Õ�)�* Ë�+ , Á�Â�ÃOÄ%*MÅZÆ6Ç
5
/ !ZÈ�(éÛD����!�É%��Ê"Í�37ïlË ¼ è�ê<Ì . ÍnÎ G = GLn(F̄q) !Z�jÛ�Î8Ï�'�!�Ú

(�!YÏuôQÊ�Ý�
�¢�£�Ð%Ñ ñ , GLn #0Òn!Y¢�£jï�Û , ÓÕÔQÖÖg6×O
�Ø � à�Økê�Ì . ���KÐ�Û��
!lÙé×kÑKÊ8Ý
ïZÚOÛéë)ðkØ . G Ñ Fq HhÙ6o�è�êkìlÉ��n
DÊ)Í�Ü�u%3 , F : G → G Ñ���!
Frobenius p%q ÖBønÌ . B ⊃ T Ñ G ! F �)án
 Borel 1%2�3 Ö F �"án
Z=�>Ý?4A�BDC
!�Þ Ö�ø�Ì . G ! Weyl 3 W = NG(T )/T ôhòZXéï�Ù�oÿè�ê�Ì . (5.1) å©Ö�ò�X ï proper

p�q π : G̃ → G à�Ù6ouè'ê Rπ∗Q̄l[dimG] Û F �)á�
 G ò�á�IkÝ��6k�m6'7ïM
�ñ Ù�Ú 4

ÖBò�X ïY2�5ÿè�ênÌ . ë	�7ë Ù�Ú 5 Û���!�¬�¬M!�â�Ð8Û G�} ëK
"× . (ii) !Y» ¼ ï0§�×)î8Û
Aχ|Guni

' IC(Cχ, Eχ)[dimCχ + dimT ] Ö]ækç è�êOÌ . ����ï Cχ Û G !6Ñ%Ì"Ü�Ý0ß%à3Þ ,

Eχ Û Cχ H�! G ò�ákÝM��á�â%ãOÐ�Ñ�Ì . Þ (Cχ, Eχ) Û χ ∈ W∧ ïjðéñ4��«y�8ï�Ùä¬üñ
χ 7→ (Cχ, Eχ) ï0ðjñ 76� f : W∧ → MG Ñ�¦n��Ì . ì��jë MG Û G !8Ü�Ý�Þ ÖK�M!�H�!
G òhá8ÝD�6áMâ6ã�!YÞ��6;�!Yå�£�Ð�Ñ�Ì . f Û�ÝZSéï0
�Ì��8Ö�à�æç� ê"î"×�Ìhà��D�jïK�6S
Ð8ÛM
�× . f Ñ Weyl 3�!�Ì�Í)Î�Ï Ö�ÜhÝ�Þ ÖK!M��! Springer è�é©ÖB×üØ . GLn !l¢�£O!
Springer

7�� Û χλ 7→ (Cλ, Q̄l) ïl��
ê�|
�× . GLn #�Òn!Y¢�£jï Cχ !�Ù�u�'�Ð�
)×Dá�â
ã0à�Økê�ÌM!"Û , F �3áO
kÜhÝ�Þ C ï 7 ë�î CF à"×À�Ö§���! GF ß%à3Þ ïY2�50ø�ÌjÖB×
Øìë�íéïkð3í�î"×�Ì .

(i) !l» ¼ ï0§8×�î ô , ò�ó ϕχ : F ∗Aχ → Aχ ï 7 ë�îD¤�¥7÷Ku χAχ,ϕχ
ÛZ��� ï GF

!�Ì"Í�Î�Ï ï)ÛM
_�"
)× . ë"�&ël�6!�Ì�Í3Î�Ï�R�!�265jÛ�ÊnÛ�
hâüÑ0ë�î6Nuñ ( ¾O��F��M!î g�ïjÛ q ïUð��|
�× ), GF !�æ�Ø%(�Ð î�ð 
Dà�ñ ñ�Ñ	ò�ó�Ì"ô8Ô3ÕuÑ|¦<��Ì . GLn(Fq)

!Y¢�£ , χAλ,ϕλ
! GF

uni R�!Yõ��Qà�á3â Kostka ÷	u&Ñ"¦O�"ìQà , ��ê0ï0
_��í�î χAχ,ϕχ !
GF

uni R�!Yõ��0�_��áQâ Kostka ãQä3å K̃χ,χ′(t) ∈ Z≥0[t] Ñ�ÙMo�ø�Ì%��Ö°à�Ð��DÌ . ìM�Uë0�
!Y¢�£UÛ�ö (C, E) ∈ MF

G ï
7 ë�î , GF

uni H�! GF �Qá7÷"u��6;<!�
)øZ�n�6!�÷6ø&Ñ|¦���Ì
ψ(C,E) à�Ùä¬&ñ , χAχ,ϕχ !lù�ú
ïDN���Ì ψ(Cχ′ ,Eχ′) !�ûMujà q !�ã�ä"å�Ö�ë'î K̃χ,χ′(q) Ñ
¦n�OÌ�!MÐ%Ñ�Ì . Lusztig !�Î�Ï6'<!�Ú�(n! î�ð 
�ü%ý<þä? Û , �M�<!�Ê"Í�3éï 7 ë�î���!
K̃χ,χ′(t) Ñ"ÿ��kø�Ì0[�]������	�%!�

�&Ñ��uë�ì��8Ö�ï�Ñ�Ì . � ÍUÛ GF !'Ì"ÍQÎ�Ïn!�ÿ��
ï)Ûkè��|
�Ìl���6¶kà�� ð Ð Lusztig Û���!Y¢�£7Ñ�� í�ì . K̃χ,χ′(t) !Y¢�£UÛ����éïkð0Ì ).

è�în��!6[�]������
�
Ñ�Í 9 ø�Ì$ì0�8ï3Û , Springer
7�� !���;��M
�ýQþkà�� ð ï0
%Ì .

GLn !	¢6£��hê8Û n !����8ï0ð�í'î�ý$þüèBê8ì .  �!M3 Sp2n, SO2n+1, SO2n !K¢6£
ïM��!
àMñ ñ�Ñ�"jì$ø�!3à Lusztig ï
ðQíhî�b$#ÿè'ê0ì�Ò�Ó symbol !l 6¡OÐ�Ñ�Ì . ÜhÝ symbol

ÛK2�ñ�!Y �¡�!	Ë ¼ ïD
�í'î�×�Ì . �M�KÐ�Û	Ï�ô²Ê�Ý�
l¢�£%Ð%Ñ�Ì Sp4(Fq) !K¢6£éÑ"¾UïMÑ% î���!�&('�)&Ñ�*�çéí�îéô���ØD�8Ö�ï�ø�Ì .
+

6.1. G = Sp4(F̄q) Ö$ë GF = Sp4(Fq) Ö°ø�Ì . G ⊂ GL4(F̄q) !-,(.�/10�!kô8ÖQÐ G !
Ü�ÝDß�à$ÞéÛ GL4(F̄q) !8Ü�ÝZß�à$Þ Ö G !Yß
2�1�2:Ö$ë�îZ`V� êOÌ . ë'ì$à
í'î 4 !Y2�ñ
Ð�B�\�]��<�0è'ê , #�$�!Uð�Ø�ï0
�Ì .

G !�ÜhÝZß%àQÞ :
{
(14), (212), (22), (4)

}
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�43 , GF Ð%!8Ü�ÝDß�à3ÞéÛ , (22) !���B�C"à 2 §0ïY2��3ê
GF !�Ü�Ý0ß�à)Þ :

{
(14), (212), (22), (22)′, (4)

}

Ö 5 5�!��MBDC0ï0
�Ì . ¬3ì Weyl 3 W Û W ' S2 n (Z/2Z)2 Ð�Ñkí�î W !'Ì�Í3Î�ÏjÛ
2 5<!Y26ñn!�Þ λ = (λ(1);λ(2)) Ð |λ(1)| + |λ(2)| = 4 Ö"
�Ì�ô�!"ïkðUñ	B�\�]��<�0è'ê�Ì .

W∧ '
{
(−; 12), (12;−), (1; 1), (−; 2), (2;−))

}
.

��! ÖD� W∧ ïl��67ë�ì8Ü�Ý symbol àM#%$�!
ð�Ø�ï	¦n�ä�°êOÌ .

Ü�Ý symbol :

{(
0 2 4

2 4

)
,

(
1 3

1

)
,

(
0 3

2

)
,

(
0 2

3

)
,

(
2

−

)}

�D!�7 ñ83éÛ , �6�7ï λ = (λ(1);λ(2)) ∈ Pn,2 ÑK´êµ�ï 0 Ñ�9 ØM�kÖ�ï
ð ñ λ(1)
1 ≤ · · · ≤

λ
(1)
m+1, λ

(2)
1 ≤ · · · ≤ λ

(2)
m Ö�:���r&ïM
{�|& (λ(1), λ(2) Ö m !8÷�û ï�;�« )

7�� ø�Ì8Ü�Ý
symbol Λ Ñ

Λ =

(
λ

(1)
1 + 0, λ

(1)
2 + 2, . . . , λ

(1)
m+1 + 2m

λ
(2)
1 + 1, λ

(2)
2 + 3, . . . , λ

(2)
m + (2m− 1)

)

ïkð
ñ Ù1.�Ì . m !=< ñ>3jï
ð
ñ ¿ ÔQ!8Ü�Ý symbol àZ`À� ê�Ì�à%��êh�BÛ3ò ¯ ô�! Ö@?<Ì
!�Ð%Ñ%Ì . ���lÐ�7 í�ì symbol Û W∧ ÖY!K�kÝDS ï-ACB�
)×�à , Ý�
�ÌK2Mñ�!YÞ�#%H�!líD Ñ|±ÿí�î8×�Ì . E symbol !��8ïQò�ß&÷Yû Λ ∼ Λ′ Ñ symbol ïYØ
ê�Ì	uGF
à î g6ï{��0
Ð"ò ¯ Ð%Ñ%Ì���Ö�Ö3ë�î�Ù�okøOÌUÖ

{(
0 2 4

2 4

)}
,

{(
1 3

1

)}
,

{(
0 3

2

)
,

(
0 2

3

)}
,

{(
2

−

)}

Ö�ò�ß�Þ&ïl2�ñ
ønÌ . �Z!�ò�ß)Þjà G !�Ü�Ý�ß�à�Þ©Ö 1
7

1 ï 7�� ë , ö symbol à���!
GF R�!Y2�5&ÑBý3þ0ø�Ì . symbol Ñ-H�ë�ì W∧ Ö�Ü�Ý�Þ�Ö	! 7�� à Springer

76� ïY��
ä�

�× . Sp4 Ð�Û W∧ ï 7�� øOÌ symbol ë	��Ø�ê�
)×3à����éï3ÛUô$í0Ö4g�× ï0
�Ì . ëK� ë
symbol !)ò�ß)Þ
à Sp2n(F̄q) !8Ü�Ý�Þéï�I@Jjï 76� ë , ò�ß3Þ ï�K<¬�ênÌ symbol !�56ujÛ
��!8ÜhÝ�Þ ï�K�¬�êOÌ GF !�Ü�Ý$Þ<!�5Mu ÖQ�D·
øOÌ . ( ì6�éë���L<��ï3ÛMI�J�
 76� Û�

�uëK
�× .)

W ï 7 øOÌ á)â Kostka ã)ä)å !'æ K̃ = (K̃χ,χ′(t)) Û

(14) (−; 12) t4

(212) (12;−) t2 t2

(2; 2) (1; 1) t3 + t t t
(−; 2) t2 t

(4) (2;−) 1 1 1 1

Ðl¦��ä� ê�Ì . P 1
: à G !�Ü�Ý�ß�à3Þ , P 2

: à Springer
76� ï�ðUñ 7�� ø�Ì Weyl 3O!

Ì"Í)Î"Ï � 2�ñ<!lÞ�Ðhæ0ç"ø ) Ð%Ñ%Ì . 3
:ON #GP"à�á)â Kostka ã)ä)å�!�ßüÑ�� ëBî�×�Ì .

7. Q�R	S�TDÃ�U=VXWCY[Z Kostka �	�
g]\$^(_�3 W = Sn n (Z/rZ)n Ñ0�%��Ì . r = 1 !�¢�£ , W Û GLn ! Weyl 3

W (An−1) ïZ�0· ë , r = 2 !Y¢%£ Sp2n ! Weyl 3 W (Cn) ï���·
ø�Ì . �M!l«M*�Ð W Û
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�'ê{�K! Weyl 3<!MI�J�
�Ë ¼ Ö�`���Ì�à ,
7�� ø�ÌYÊ)Í�3jÛ�
G�uëY
�× . ë�×�î����3ê�F

W Û�a$b<�6
ZÊ�Í�3 Sprn ! Weyl 3�Öc?�
jè�ê�Ì�!MÐ%Ñ�Ì . r = 2 !�¢�£<!lË ¼ Ö)ë'î
W !'Ì�Í3Î�ÏUÛ r 5�!�2Mñ�!YÞ ï0ð)í�îOBl\6]0����è�êOÌ .

W∧ ' Pn,r = {λ = (λ(1), . . . , λ(r)) |
r∑

i=1

|λ(i)| = n}

Pn,r !��éÑ n ! r- 2�ñ ÖB×&Ø . ��3 ,
.0/ ï�d�î���ì8Ü�Ý symbol !K �¡jÛ���!Y¢�£
ïKË ¼

Ð<��î ( Ü�Ý ) r-symbol à�Ù�o�è�ê�Ì . r-symbol Û r 5�! 9 �h�|
uñ , r = 2 !l¢%£0àZ¸�c
!8Ü�Ý�x�þ�e�]�Ð�Ñ�Ì . èO��ï r-symbol I4;éïkô�×À�W§��%! ½ A]fhg�þQÑ�����Ì���ÖBà�Ð
��Ì . Í�Î r = 2 !K¢%£�Ðéô$ÜhÝ symbol !Y� ï Sp2n(Fq) !�Ü�Ý$Î�Ï7Ñ6B�\�]�����Ì=i6¿
!�x�þ�e�]�àZbG#ÿè'ê8î�×�Ì�!�Ð�Ñ%Ì . è�î Sp2n ! Kostka ã3ä�å ÑYÿ4�
øOÌ�[�]j���c�
� ( Weyl 3 W (Cn) ï�÷Kû�ë�î�×�Ì ) Û , W = Sn n (Z/rZ)n ï 7 ëBîéô�«�*�Ñ�±jL , ��!
[�]M���c�G�8ï
ðjñB÷	u�ã {K±

χ,χ′(t) ∈ Q(t) | χ, χ′ ∈ W∧} à0��«<�"ï�Ùy¬�Ì . ��êjÑ	g�\
^$_03 W ïY�k6 ë�ì Kostka ÷|u ÖB×&Ø ( ãQä)åéï�
%Ì%��Ö°à�lGbüèBê�î�×%Ì�à apriori ï
Ûld)Ú7÷	uOÐ%Ñ%Ì ).
m�n

7.1. o
ï�Ú�Û�øOÌ8ð�Ø�ï , g�\
^]_D3n!	¢�£ , H�ýO!�[�]��������"ÛYgG\0ß�à7Ñp<�Ìq 7&Ñ-K�r . �M!8÷Kû�ÐZ`ç�_ênÌ Kostka ÷	u ï)Û ± ! 2 ¿3ÞUà�
G��ø�Ì . ¬3ìO��!�[�]M�
�c����Û r-symbol !�< ñs3 ï�t�
:ë , r-symbol ÑBá��3ê�F�u�
Uí�ì�÷	u�ã0à0`ç� ê�Ì . �
!Y«�*�Ð�JGvéï)Û r-symbol U=VXWCY[Z Kostka �K� ÖB×üØ²&��lÐ%Ñ%Ì .

wn!l�G"éÛ , W = Sn !Y¢�£n! Kostka ã)ä"åüÑ�Ù(.�ÌKÞ�£%ºM(n��
�w�Þ10�à , ��!YË¼ è'ê0ì Kostka ÷	u ïkô²´]x�Ðn��Ì���ÖhÑ�� ëBî�×�Ì .
~ky

6. ([S1]) r-symbol ïl�(67ë'î Schur ÷Ku sλ(x) Ö Hall-Littlewood ÷Ku P±
µ (x; t)

(λ,µ ∈ Pn,r) à�Ù�oÿèBê (Schur ÷|uéÛ r-symbol !�<©ñz3jï0ð%��
3× ),
7��

W∧ ' Pn,r !
ô�Ö�ï , K±

χ,χ′(t) Û�{G��!6�6!�á	| 96: Ö3ë�îD` � ê�Ì .

�6�YÐ r-symbol !�à�ñ ñ'Ñ0Û�véïUë�î�Ny��Ø . 6
/ Ð0ÚOÛjë�ìYf G Ñ"Ë ¼ ë'î W∧ Ö

r-symbol ÖY!K�kÝ0S
àhÙ6o�è'ênÌ (r-symbol IW;éÛ
ô3íkÖ²���<���$à , ���YÐ8Û W∧ ï 7� øOÌ"1�2n!
08ïl�7ÑD��Ùuë�î"×�Ì ). ø%
$çXL

r-symbol !Kå%£ 'W∧ ' Pn,r.

Sp4 !l¢�£:Ö�ò�Xéï , r-symbol Ñ|1�2Må�£ �~} ) ïY2Mñkø�Ì%��Ö�à6Ð��0Ì . ¬Qìl2Mñ λ ï 7
ë�î n(λ) àhÙ�¬�Ì8ð8Ø'ï , r-symbol Λ ï 7 ë�î ß a(Λ) Ñ�ÙMo0ø�Ì%�8Ö°à6ÐO�0Ì . ���KÐ
H�!Y�0Ý0S&Ñ=x0×)î , å�£ W∧ ï 7 ëBîDw0à0`À�°êOÌ .

(i) W∧ !Y1�2�å�£ �~} ) R�!Y26ñ ,

(ii) a ÷	u a : W∧ → Z≥0 !�ÙMo .

Kostka ÷|u7Ñ"ÿ��0ø�ÌD[l]��(���
�MÐ"Û���! 2 §�!K¥M°0à îMð 
�à�ñ©ñ�Ñp"
ì�ø . r-symbol

!�à�ñ ñ�Û W∧ ï 7 ëBî (i), (ii) Ñ�Ù(.�Ì%��Ö'ïY��
ä�|
)× . r-symbol Ñ�á��Qê�F (i), (ii)

à�á�ç ñ , ë�ì$àjí�î0`À�°êOÌ Kostka ÷"uuô á�¶�ø�Ì0!MÐ�Ñ�Ì .
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Sp2n(Fq) !"¢M£�!)Ü�ÝYßMà�Þ�!�ýhþ8à GLn(Fq) ï-�M&3îKg0×kï�
Qí�ì��]�3Û , Sp2n(F̄q)

Ð�!8Ü�ÝZß�àQÞ0à Sp2n(Fq) Ð�×h�ì§���!Kß�àQÞjïY2��Qê8ìO��Ö'ï0ðDÌ . �Bê�Û"Ü�Ý symbol

Ñ�}éïK2�ñ0øOÌ%�8Ö�ï 76� ø�Ì . W = Sn n (Z/rZ)n !Y¢�£ ô�ë6íjÛQò�X�Ð , }�R�!l2Mñkà
Kostka ÷	u�!�g6×ÿè)Ñ-��_ ë�î8×�Ì�!MÐ�Ñ%Ì . ���YÐ r-symbol ÑUØ�¬ê�z<_Ì���Ö�ï
ðjñ ,

ø�&�î�!�}kà�ì6�
�7ÖQ§�!��%�_�|
�Ì�ð�Ø�ï0Ð��Bê�F ( IYÛ�
)òhßé÷	û ) �0­�®jÛ GLn !	¢
£
ï��0îDÊ�Ý0ï�
�ÌZÐ�Ñ��jØ . Í�Î%�M!
ð�Ø|
 r-symbol Û=
	�uë , ¿çÔ�! r-symbol !K=O�
Ö�0�Ì��8ÖBà6Ðn��Ì . �6!l«�*MÐ<��! r-symbol � limit symbol Ö�×&Ø0��Ö�ï�øOÌ . #%$
ï limit symbol ï 76� ø�Ì Kostka ÷"u�!Y¾h�DÑ % î6NÀ� .

+
7.2. W = W (C2) ' S2 n (Z/2Z)2 !l¢�£�! Kostka ÷	u<!��4�

(−; 12) t4

(12;−) t2 t2

(1; 1) t3 + t t t
(−; 2) t2 t
(2;−) 1 1 1 1

(−; 12) t4

(12;−) t2 t2

(−; 2) t2 t2

(1; 1) t3 + t t t t
(2;−) 1 1 1 1 1

¸�c�! Kostka ÷	u (6
/��G�

) limit symbol �Y�16j��� Kostka �	u

8. Kostka �	�������G�����j���$� (limit symbol ���4� )

�]� Ð limit symbol ����6���� Kostka ���O������ �¡$¢4£h¤¦¥�§�¨���©jª$«]¬®­ .

W = Sn n (Z/rZ)n ¯ � , W ⊂ GL(V ) ° W ±=²]³�´ ¯ ��«]±=µ
¶ ¯  1¡ . W∧ ' Pn,r ·
χλ ↔ λ = (λ(1), . . . , λ(r)) ¸�©(ªº¹�»�¡ ¯  1¡ . R =

⊕
i≥0Ri = S(V ∗/I+) ° W ±�¼$½
¾¿
À ¯  1¡ . �	Á(� I+ ·ÃÂ �1¸�Ä
Å W ½4¾�Ä�Æ	Ç�È�É ¿ ¸�Ê�ËhÌ�»X¡ S(V ∗) ±4Í4Î]¢�£

¸]Ï]¡ . R · Ç�����Ð W Ñ	´M�4ÄCÒ , dimR = |W | ¯ Ä�¡ . W ± Ó~Ô�Õ ¯ ·�Ö ¹�ÄGÅ ) ×Ø
f �-ÙC��« R(f) =

∑
i≥0〈f,Ri〉W ti ∈ Z[t] ¯ ¬Ú­ .

�	� ¸ 〈 , 〉W · W ±-× Ø �=Ù� �¡GÛÜ °�Ý1ÞG  . f ß�Ô$Õ1Ä�à]á , R(f) · f ± fake degree â	� · graded degree ¯�ã$ä »X¡ .

λ,µ ∈ Pn,r ��ÙO�-«
ωλ,µ = tN

∗

R(χλ ⊗ χµ ⊗ detV )

¯ ¬å­ .
�$� ¸ N∗ · W ��æjâ�»�¡�ç$èG²1³(±�é�� , detV · V ê�±�ëGì$¾Gíj±�î$ï ¿

°�ðº¡ � ¯�ñXò Ò�óå¹c»�¡ W ±�ëGì$× Ø ¸�Ïk¡ . â�ô χ · ×
Ø

χ ±�ç$è�õ]ö¦°-Ý(ÞG  .

Ω = (ωλ,µ) ° Pn,r °�÷	ø�ù$á ¯  1¡-ú�û$î	ï ¯  X¡ .

Ç ñ Pn,r ±=ü$ýXþ�ÿ��¦°�Ç�± ò��=ñ Â��  (¡ . λ ∈ Pn,r ±��	��

� ñ 0 °�� � � ¯�ñ
ò Ò , ����Ä m ñ Ù���«

λ = (λ(1), . . . , λ(r)) =




λ
(1)
1 λ

(1)
2 · · · λ

(1)
m

λ
(2)
1 λ

(2)
2 · · · λ

(2)
m

...
...

λ
(r)
1 λ

(r)
2 · · · λ

(r)
m




¯ ¬Ú­ (
� ±�àGá m ß	 ��$«�������«GÅ�¡ � ¯�ñ���� ).
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c(λ) = (λ
(1)
1 , . . . , λ

(r)
1 , λ

(1)
2 , . . . , λ

(r)
2 , . . . , λ

(1)
m , . . . , λ

(r)
m ) ¯ ¬Ú­ . c(λ) ∈ Zmr

≥0 ¸ · Ï$¡�ß ,� � �"!$#�%(¸ · Ä�Å . ��&'� 1 (�±�üGý�þ�ÿ	�X± Â"�M· ��±=à]á ñ !)��*]¸�Ð

λ ≥ µ ⇔ c(λ) ≥ c(µ), (λ,µ ∈ Pn,r)

ñ1ò Ò Pn,r ±�ü�ý�þ�ÿ	�j° Â��  (¡ . +", ·�-�. ±�üGý�þ�ÿ��1¸]Ï]¡ . Ì�¹ ñ Pn,r ê$± a/ �h°

a(λ) = r · n(λ) + |λ(2)| + 2|λ(3)| + · · · + (r − 1)|λ(r)|

ñ(ò Ò Â10 ¡ . ô$Á2� n(λ) =
∑

i n(λ(i)) ¸�Ï]¡ . r = 1 ±�à]á a(λ) = n(λ) ¸kÏºÒ , a
/

� · 3 (M± n
/ �M±�3�4 ñ Ä ��«$Åk¡ . Kostka

/ � K±
χ,χ′(t) ° χ = χλ, χ′ = χµ ñ Ù���«

K±
λ,µ(t) ¯ ÝkÞG  . ¾�ì Kostka

/ � K̃±
λ,µ(t) ° K̃±

λ,µ(t) = ta(µ)K±
λ,µ(t−1) ñ�ò Ò Â"�  (¡ .��� ¸ Pn,r

ñ ü$ýXþ�ÿ	� ¯65"7  (¡ ò � Ä98$ÿ��h° Â�0 , Ç�± ò � Ä Pn,r °-÷
ø�ù$áñ�:�; î�ï ñ /  (¡ /=< ¿ °?>Gª�¡ .

(8.1) P−Λ tP+ = Ω.

Ì1¹ ñ P± · (λ,λ) Ë	#�ß ta(λ) ¸]Ï]¡A@�B	CGî�ï , Λ · Ù�C$î	ï ¯ED Â  X¡ .
� ± ¯ ÐpÇ

±9F�G1ß�Ë 7  (¡ .

HJI
7. ([S2])

/�< ¿
(8.1) ° P±, Λ °LK"MM±�îGï , Ω °�Ô	M�±�î�ï ¯  X¡-îGï�û�N ¿ ¯O ¡ . �	± ¯ Ð[¾
ì Kostka
/ � K̃±

λ,µ(t) · (8.1) ±=P ¯ ��« (K̃±
λ,µ) = P± ñ�ò ÒRQ � þ ñ

Â âG¡ . K̃λ,µ(t) ∈ Q(t) ¸]Ï]¡ .

SAT
8.2. (i) r = 2 ± ¯ Ð Ω · Ù"U
î	ïkÄ	±�¸ K̃+

λ,µ(t) = K̃−
λ,µ(t) ¯ Ä]¡ . ��»1° K̃λ,µ(t)

¯ Ý�ÞG  . r ≥ 3 ±�à$á Ω ·9V Ù�U(Ä$±�¸ 5�W · QYX��=Ä�Å .

(ii) r = 2 ±�à$á , K̃λ,µ(t) · È
É
¿ ñ Ä�¡ � ¯ ß?Må¹c»$«GÅk¡ ([S2]).

Z"[
8. Q"\ ñ K̃±

λ,µ(t) ·�V�]�^ � < �M±�È	É
¿ ñ Ä�¡ � ¯ ß?_	`ºÌ=»X¡ .

9. Kostka aLb1c9d�e2f9g	h (r = 2 c��4� )

2007 i , Achar-Henderson ß r = 2 ±-à$á ñ limit symbol ñ ��j4 �¡�¾
ì Kostka
/ �

±=k	l�þ�µ�¶¦°�©�ª$ô . m�@���»�°=n�o� (¡ . V ° C êG± n Ç�p�q2rs�z£"tvu , N °�w�xy ¯  X¡ . G = GL(V ) ± V ×N z1±�Ù�C�þ	Ä?{J*j°?>$ª�¡ .
� ± ¯ Ð Achar-Henderson

[AH] ¯ Travkin [T] ñ�ò ÒR| 7jñ V ×N ± G }�~M±98	� ¯ Pn,2 ß 1 Ù 1 ñ Ù��1 X¡ �
¯ ß?��Ì=»�ô . λ ∈ Pn,2

ñ Ù	�k X¡ G }�~º° Oλ
¯ Ý1Þ�  � ¯�ñ  X¡ .

(9.1) (V ×N )/G ' Pn,2, Oλ ↔ λ.

(9.1) ±�Ù�� · Ç�± ò��=ñ �-«�©�ªh¹[»�¡ . x ∈ N ñ Ù�� , Ex = {g ∈ End(V ) | gx = xg}
¯ ¬Ú­ . v ∈ V ñ Ù�� , W (v, x) = Exv · V ± x ½
¾(Ä?��#	t1u ñ Ä�¡ . x ± W (v, x) z
±�� Ö x|W (v,x) ß Jordan type µ ° :�� , x ± V/W (v, x) z(±?� Ö x|V/W (v,x) ß Jordan
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type ν ° : ;�¯  X¡ ¯ λ = (µ, ν) ∈ Pn,2 ¸kÏºÒ , µ + ν ∈ Pn ß x ± Jordan type °�©Xª
¡ � ¯ ß���& 0 ¹c»X¡ .

� ± ¯ Ð (v, x) · type λ ° :�;º¯ Å � � ¯�ñ  (¡ .

(v, x) ∈ Oλ ⇔ (v, x) : type λ

ß�Ë 7 � (9.1) ±�Ù	�j°�©(ª1¡ .��� ¸ ZG(v, x) ß?�	F ñ Ä���«GÅk¡ � ¯�ñ����  X¡ .
� » · G }	~1ß 3 (�±JwLx�}�~

¯$�9� ±��Y�j° : �-«
Å]¡ � ¯ ° ���  �¡ .  GÄ�Þ � ç	è���� &¦¹ F̄q
ñ�� �-« G = GL(V )

±=}�~h° O ¯ ��ô"� , OF ß�� ¯�; ± GF }�~ ñ Ä���«GÅ�¡4±4¸]Ï$¡ .

Ì�« Oλ °�}	~ Oλ ±"�?� ¯  (¡ . 3 (�± closure relation ±=�	� ¯ �-«�Ç1ß�Ë 7  1¡ .

(Closure relation) Oλ =
∐

µ≤λ

Oµ

��� ¸ µ ≤ λ · 8 ((¸ Â�� ��ô Pn,2 ±=ü$ýXþ�ÿ��(¸$Ïk¡ .

3 ( ¯�����ñ9�	� cohomology ç�� K = IC(Oλ,C) °?>$ª1¡ .
� ± ¯ Ð���� i ñ Ù��

« HiK = 0 ß�Ë 7  1¡ . � � ¸ (v, x) ∈ Oµ
ñ Ù��-«

ICλ,µ(t) =
∑

i≥0

(dimC H2i
(v,x)K)ti

ñ(ò Ò8È	É ¿ ICλ,µ(t) ° Â��  X¡ . µ�� ICλ,µ(t) · (v, x) ∈ Oµ ±�ð Òsû ñ(ò ¹�Ä�Å .
�

± ¯ Ð Achar-Henderson ñ1ò ÒsÇ�± Â�� ß?��Ì=»kô .
H�I

9. (Achar-Henderson [AH]) K̃λ,µ(t) ° limit symbol ñ9� j ��ô Kostka
/ �

¯  (¡ (r = 2 ±�à$á ).
� ± ¯ Ð K̃λ,µ(t) = ta(λ) ICλ,µ(t2) ß�Ë®Ò 7 ; .

Â�� 9 ±9¡ ¯ �=«�Ç(ß�ó ¹�»�¡ .
¢

10.

(i) K̃λ,µ(t) ·�V�]�^ � < ��±�È
É
¿ ¸]ÏºÒ , £���Çjâ4ô · �G��Ç�±=É�± O ß�¶�»X¡ .

(ii) limit symbol ñL� j��=ô Kostka È4É ¿ ¯¥¤�¦ ±=Ù�U�´ ñ�� j2��ô Kostka È4É ¿ ±
u ñ ÇX± /�< ß�ËÃÒ 7�; .

K̃(−;µ),(−;ν)(t) = t|µ|K̃µ,ν(t2), K̃(λ;−),(µ;ν)(t) = K̃(λ;µ+ν)(t
2).

10. Mirabolic §©¨	ª
Lusztig ñ]ò ¡ Kostka È�É ¿ ± �©� cohomology ç"� ñ$ò ¡«k"l�þ-µ�¶ · , × ØY¬ ± ��­

±"®�¸�Ý�¶ ­ þ�Ä ���L��¯ °�©�ª�¹@»$ô . ��»	¸ · Achar-Henderson ñGò ¡ limit symbol ñ
� j4 k¡ Kostka È�É ¿ ±�k�l1þ=µ�¶¦°cÝ
¶ ­ þ ñ�° ±A²�¯ ¡ � ¯ · ¸1Ð�¡�±	Á�� � & . µ ·
��»Gß9³�´	¸GÏ	�-« , m�@ ñ�µ �1¡ ò���ñ Finkelberg-Ginzburg-Travkin ñ�ò �-« mirabolic

× Ø�¬ ± ��­ ¯ �=«A��Ë�Ì=»]«$Å�¡ . “mirabolic” ¯ · miracle parabolic &º¹ ¦ ô=�J¶�¸ ,
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v ∈ V ±"· Â ´ ¯ ��«�ó ¹c»1¡ GLn ±�¸�¹"��#�´ Pn ± � ¯ °�Å � . GLn ±-Ý�¶ ­ ß�ºX±» Õ�´ ñ9¼ �$« V	. ñ
»�½ ñ Ä�¡4± · � ±��J¾(þ
Ä Pn ±9¿�À ñ(ò ¡ ¯ � ��ßAÁhÐ�Å . Q�û

GLn ± Pn
ñ /  X¡LÂ�#	{J*�è�±
Ä	  À ± quantum Hamiltonian reduction · spherical

trigonmetric Cherednik Ã4� Hn
ñA�9Ä�ñ Äk¡ .

� ± ��Ä °�Å�*Æ��« V ×GLn êG± D Ñ	´
¸��	± quantum Hamiltonian reduction ß Hn ±"Ç O ñ�È ¡�!�±©&�¹ , Riemann-Hilbert

Ù	� ñ1ò Ò V × GLn êk± (G � ¾ )
½"É�Ê	Ë�¬ ß4ó ¹c»�¡ . ��»O¹ · Lusztig ±�× Ø	¬ ±

Q�\JÌ ¯ O ¡ � ¯ ß]¸jÐ�« , mirabolic × ØJ¬ ¯�Í���¯ ¹�»�«$ÅX¡ . m @$¸ · Finkelberg-

Ginzburg-Travkin ñ ��ô�ß���« N ±�Ã®Ò ñ V ×N °�>Gªk¡�àGáM° mirabolic Ä�Î�Ï ¯ Å
� � ¯�ñ  (¡ .

C &º¹ F̄q
ñ9� ��« , V,N ° F̄q ê�¸�>Gª�¡ . G = GLn(F̄q), G

F = GLn(Fq)
¯  (¡ .

4 (�±9F	Gj°	â ¯ 0 ¡ ¯ , Guni ' N ± ��Ä ±�! ¯�ñ × Ø�¬ Aλ ±�Ð�Ñ / �Xß GF ±=Ô$Õ	×Ø °�©Xª , ��»�± GF
uni z1±=� Ö ß ( ¾	ì )Kostka È	É ¿ ñ(ò Ò¥Ò µ Ì=»�ô . â	ô GF ±� ��

«G±�Ô�Õ	× Ø ß�× Ø�¬ ±=Ð�Ñ / �(¸�ÝkÞ�Ì-»kô�±�¸]Ï���ô . � � ¸ GF ± V F ×GF zk±=Ù
C�{�*M°?>Gª , C(V F ×GF ) ° V F ×GF ê]± GF ½	¾1Ä / ��8	��±
Ä
  Q̄l êG±Aq1r�� £
tvu ¯  (¡ .

V ×G ⊃ V ×Guni ' V ×N

¸GÏ	�=« , V ×N z�± G ±9{�* · V ×G z]± G ±={�*�&h¹ÔÓ &�»X¡ . Ì�« GF ±�Ô	Õ4× Ø
¯ · GF êG±L� / �X±�t�u C(GF ) ± “ Õ1Å9Ñ"Ö ” ° : ��ô=×�Øk¸GÏG¡ . � � ¸ C(V F ×GF )

±9l ¹�&]± �2� ¸ “ ÕXÅ ” Ñ�Ö¦° : ��ô9×�Ø1ß mirabolic Ä?Î�Ï ñ ¬ ¯ ¡ GF ±�ÔGÕ	× Ø ±
ö"% Ò�°�G�ô4  � ¯�ñ Ä1¡ . Ù ñ�Ú ª ä mirabolic × Ø�¬ ±�Ð�Ñ /LÛ · ,

� ± ò � Ä�ÕXÅ /Û °�©(ª	«�Åk¡ ¯EÜ	Ý ¸XÐ4¡ .
� ± ò�� Ä�Î�Ï1¸ Finkelberg-Ginzburg-Travkin · ×

Ø�¬ ñ
/  (¡ Lusztig ±=F	G�ß mirabolic Ä�Î	Ï�¸'!cË 7  X¡ � ¯ °�����ô .

HJI
11. (Finkelberg-Ginzburg-Travkin [FGT])

(i) F ½4¾XÄ mirabolic × Ø	¬ ±�Ð�Ñ /�Û ±�8���ß C(V F ×GF ) ±9×�Ø¦°�©Xª�¡ .

(ii) λ ∈ Pn,2
ñ Ù���« mirabolic × Ø�¬ Aλ ß?¿	À�� , Aλ ±9Ð�Ñ /�Û ± V F ×GF

uni z
±=� Ö ß (limit symbol ñ9� j� 1¡ ) ¾�ì Kostka

/�Û
K̃λ,•(q) °p©�ªk¡ .

11. Þ�ß2c"àJá�â9ã2ä�å�æ�ç�è
9 (�± Achar-Henderson ±�F�G · , GLn }�~Xß W (Cn) Ä Weyl ´X±=Ô$Õ
× Ø ñ1ò ��«é q	£ �1¯ Ì-»�¡�Î	Ï¦°�êÆ��«�Å�¡ . W (Cn) Ä Weyl ´1ß ë6ì ñ ¶1»(¡
± · ! � ��í Sp2n

°9>Gªk¡pà$ák¸GÏ]¡�ß , Sp2n ± Lie
À ñ ¬ ¯ ¡�w�x�}�~ · W (Cn) ñ1ò ��« é q
£ �2¯ Ì�»

ÄGÅ'� , â	ô���±"· Â ÌG´ · ��F ñ Äº¹�ÄGÅ . �=&��cÑ	î�ï · Sp2n ± Lie
À ñ ¬ ¯ ¡	wLxy ° , ð�±=Ó È ��ô"ñ ò�ó9ô�õ�r�w�x y ñ©± ÐpíXª1¡ � ¯�ñ1ò Ò Sp2n ±9{J* ñ /  (¡L}�~

ß W (Cn) ±=Ô�Õ	× Ø ñ�ò Ò é q	£ �1¯ Ì-» , ��ö1¸$±©· Â Ì�´�ß��	F ñ Äk¡ � ¯ °�����ô .

µ · Achar-Henderson ±=F©G · Ñ�î(±�F"G ñ�÷ ­ùø"ú¦Ì-»]ô !�±�¸$Ï¦Ò , Achar-Henderson

± GLn {J* · Sp2n ¸k±�ç	ûXÄ?Î	Ï1ß�ü�Ì���ô�!�± ¯6ý ¡ � ¯ ßG¸�Ð
¡ . m�@ ñ Ñ�î�±9F
G¦° µ �X¡ .

V ×N ° 9 ( ¯��?��ñ ðÃÒ , W = V ⊕ V ∗ ¯ ¬ ­ . W · ë6ì ñ symplectic space ¯ O
Ä?þ(¡ . NW ° W ±�w�x y ¯ � N0 ° NW

ñ æXâ�»1¡ ë�ÿAj��
¾4íX±�8�� ¯  �¡ . W ×N0
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°�àJá�â9ã2ä�å�æ�ç�è ¯ Å � . H = Sp(W ) ° W ê$± symplectic ´ ¯  1¡ .

H ⊃ {g ∈ H | g(V ) = V, g(V ∗) = V ∗} ' G = GL(V )

ñXò Ò G ° H ±?��#]´ ¯ O ÄG  . Q
û , EndV → EndW , x 7→ (x, tx) ñXò Ò N ·
{x ∈ N0 | x(V ) ⊂ V, x(V ∗) ⊂ V ∗} ¯�� Q��1¸�Ð4¡ .  GÄ
Þ �

V ×N ⊂ N = W × N0 ⊂W ×NW

¸kÏ ��« , V × N · N ± G ½	¾�Ä���ùká(¸kÏ�Ò , N · W × NW ± H ½
¾�Ä���ùká ñ
Ä1¡ .

� ± ¯ ÐpÇM± Â�� ß�Ñ�î ñ1ò ��«��CÌ=»1ô ( ô$Á2� V × N � W ×NW
¯ ± /9< ·

Achar-Henderson [AH] ñ�ò ¡�� .
H�I

12. (Kato [K1], [K2]) Ç�±�Ñ©Ö�° O ô� 98 ½�� N/H ' Pn,2 ß=¿©ÀG k¡ . λ = (λ;µ)
ñ Ù��k (¡ N ± H }�~j° Oλ

¯ ÝkÞ�  ¯ , Oλ ⊂ Oλ ⊂ Oµ∪µ;ν∪ν . ô
Áv� λ = (λ1, λ2, . . . )ñ Ù�� λ ∪ λ = (λ1, λ1, λ2, λ2, . . . ) ¸]Ï ��« Oµ∪µ;ν∪ν · GL(W ) }�~h°�Ý�ÞG  .

H }�~ Oλ ± closure relation ñY; Å�« · Oλ
¯��?� ± /�< ß�Ë 7  X¡ . � � ¸ Oλ

ñ
Ùs�-«v! ��� cohomology ç"� IC(Oλ,C) ß�>	ª¦¹�»X¡ .

� » ñ?; Å
« · â
Á�½�o�Ä?ökß�È
Å	ß�Ç�±=_	`1ß]Ï]¡ .
Z"[

13.

(i) i 6≡ 0 (mod 4) ñ Ù���« Hi IC(Oλ,C) = 0.

(ii) (v, x) ∈ Oµ
ñ Ù�� ta(λ)

∑
i dimC H4i

(v,x) IC(Oλ,C)t2i = K̃λ,µ(t).

12. Kostka a=b�c?d©e�f�gJh (r 	�

�vc���� )

¤�� ±���� ñ r ß"QY\�±=àGáX±�¾	ì Kostka
/LÛ

K̃±
λ,µ(t) ±�k�l�þ�µ	¶ ñ�; Å
«�>��� 

¡ . V,N ° 9 (M± - Ò ¯ � , G = GL(V ) ± V r−1 ×N z�±�Ù�C	{	*j°?>Gª�¡ . r = 1, 2 ±
à$á , m�� ñ=µ �1ô ò��=ñ G }�~ ·���Ö é ñ Ä�¡ . ��&�� dim(V ×N ) = dimG ¸$Ïk¡ �
¯ &º¹ r ≥ 3 ±-à$á G }�~�±�é Û ·��(Ö ñ ÄºÒ , � Â þ
Ä��(Å	ß�Ê � ¡ . � � ¸ V r−1 ×N

° G }	~ ñ #�Pk X¡�Ã Ò ñ ÇX± ò���ñ >$ªk¡ .

(v, x) ∈ V r−1 ×N , v = (v1, . . . , vr−1)
¯ � , W1 = W (v1, x) = Exv1 ° 9 (�± ò ��ñ ð

¡ . V = V/W (v1, x)
¯ ¬�Ð , v̄2 ∈ V ° v2 ±�� ¯ � , x̄ ° x &�¹ ��ÓºÌ�»kô V ê$±JwLx�¾

í ¯  X¡ . W2 ⊂ V ° W2/W1 = W (v̄2, x̄) ⊂ V ñ�ò Ò Â��  (¡ . m�@ ����ñ ��« x ½	¾(Ä
V ±��	#�t�u$±�ï 0 ⊂W1 ⊂ · · · ⊂Wr−1 ⊂ V ß�ó ¹c»(¡ . ��!�tvu Wi/Wi−1 z�± x ±=�
Ö ± Jordan type ß





x|W1 : type λ(1)

x|W2/W1
: type λ(2)

...

x|V/Wr−1
: type λ(r)

¸�©Xªh¹�»1ô ¯  X¡ .  1¡ ¯ λ = (λ(1), . . . , λ(r)) ∈ Pn,r ¸kÏhÒ , λ(1) + · · · + λ(r) ∈ Pn ß x

± Jordan type °p©�ªk¡ � ¯ ß�#�&1¡ .
� ± ¯ Ð (v, x) ∈ V r−1 ×N · type λ ° :�;º¯ Å



14

� � ¯�ñ  (¡ . V ±���#	ù]á Xλ ° type λ ° :�; p©8���±�ù]á ¯ �=« Â��  X¡ . r = 1, 2

±-à$á Xλ = Oλ ¸GÏ]¡�ß , QA\ ñ · Xλ ·��1Ö éX± G }�~�±�"
ùGá ñ Ä]¡ .
� ± ¯ Ð[Çkß

Ë 7  (¡ . ((ii) ·�Â�� &º¹-±J�Lì�±�#�F ).

$�%
14. (i) Xλ ·�& ¹$&G¸�Ô$Õ1Ä V r−1 ×N ±�'�(���ùGá ñ Ä�¡ .

(ii) V r−1 ×N =
∐

λ∈Pn,r
Xλ.

)
12.1. n = 1, r = 3 ¯  X¡ . G = GL1(C) ' C∗, V = C, N = {0} ÄG±
¸ V r−1 ×N '

C2.
� ± ¯ Ð P1,3 = {(−;−; 1) < (−; 1;−) < (1;−;−)} ¸]Ï ��«

X(−;−;1) = {(0, 0)}, X(−;1;−) = {0} ×C∗, X(1;−;−) = C∗ ×C

¯ Ä�¡ .

Ç ñ�* È � � ¯ ± /9< °�+���¡ . λ = (λ(1), . . . , λ(r)) ∈ Pn,r
ñ Ù��$#�% λ(i) ±�,GÙ�#

%h° tλ(i) = (µ
(i)
1 ≤ µ

(i)
2 ≤ · · · ≤ µ

(i)
`i

), `i = λ
(i)
1
¯ ¬$Å	«

(ν1, ν2, . . . , ν`1+`2+···+`r
) = (µ

(1)
1 , . . . , µ

(1)
`1
, µ

(2)
1 , . . . , µ

(2)
`2
, . . . )

¯ Ý�ÞG  . λ ñ�� j'��ô Ó QY\�Ì�Ì-»1ô ) * È � � Fλ °

Fλ = {0 = V0 ⊂ V1 ⊂ · · · ⊂ V`1+`2+···+`r
= V | dimVi = ν1 + · · · + νi}

ñ1ò Ò Â�� � , F̃λ °

F̃λ = {(v, x, (Vk)) ∈ V r−1 ×N ×Fλ | x(Vk) ⊂ Vk−1,∀k, vi ∈ V`1+···+`i
∀i}

ñ1ò Ò Â��  (¡ . πλ : F̃λ → V r−1 ×N °�ë ìXÄ ��- ¯  (¡ .
� ± ¯ Ð[Ç�ß�Ë 7  1¡ .

$�%
15.

(i) F̃λ ·�& ¹�&�¸�ÔGÕ .

(ii) πλ : F̃λ → V r−1 ×N · proper.

(iii) πλ(F̃λ) = Xλ.

Ð ñ πλ : F̃λ → Xλ · Xλ ±�Ð�.�ö�/�p�°103254 .

�	��6 Ò�798�Ó È;: 4 . i = 1, . . . , r ñ�< �>= µ(i) ≤ λ(i) ?
@�A : 43BDC µ E λ BFEG
. ÐIH ��J�KML�N i H <PO = |λ(i)| = |µ(i)| BRQS4 � B�H�T�U : 4 . tλ = (tλ(1), . . . , tλ(r))

B VSW : . Kλ,µ 8RX�Y J Kostka Z[B : 4\BDC λ,µ ∈ Pn,r
6

µ E λ B]Q;4M^ J H <_O =

Kλ,µ = Kλ(1),µ(1)Kλ(2),µ(2) · · ·Kλ(r),µ(r)

Ba`\b54 . Xλ

J�c�d
Xλ H�e O =gf�h cohomology i�j IC(Xλ,C) 8�k�254 . l J `�mon

r = 2
J�K�L3J

Achar-Henderson
J�p�q

([AH])
J�r;s H�Q\t�=�uS4 .
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vMw
16.

R(πλ)∗C[dimXλ] =
⊕

µEλ

Ktµ,tλ IC(Xµ,C)[dimXµ].

x = Xλ n
y�z J G {�| 6 n�Q�u JD6 closure relation n;}o~�i��3H�Q54 ? , l JD� up�q n @ ~ A;� .

(Closure relation) Xλ ⊆
∐

µ≤λ

Xµ

µ ≤ λ n Pn,r
J����3�����;6M� 4 . z��3H���7�n @�AM�M� , OR� ^ µ ≤ λ H <_O =

Xµ ∩Xλ ( Xµ B�Q;45�SB ?g� C�4 . �;� 6 closure relation 8>��� : 4���bMH�n Xµ 8x5� H���� : 4R��� ?��P� 4 . z = (v, x) ∈ Xµ, v = (v1, . . . , vr−1) B : 4 . j = 1, . . . , r− 1

H <�O = Uj 8 v1, v2, . . . , vj H\}�t�= ��@ x�� � V
J

C[x] ���� �¡¢B : 4 . j 8
£
` O
V = V/Uj B]¤ G . Uj n x ¥�¦oQ�����§3¨�Q J�6 x � �ª©�«_x�� � V ¬ J ¦�­9® x̄ B V
W�¯ . j = 0, 1, . . . , r− 1 H <PO = zj = (v̄j+1, x̄) ∈ V ×NV B1¤ G . ��° O v̄j+1 n vj+1

J
V ± J�²;³5�5´ . zj

J
type ® µj ∈ Pnj ,2 BR¯ ´ (nj = dimV ). µ z, z′ ∈ Xµ H�¶ O>· ,

zj B z′j ¸ ¯�¹ · J j
³�º �g»D¼�½ µj ®1¾ � B
C , z ∼ z′ B OR· Xµ

J�º�¿ e�À�®]`�ÁS¯´
. � J�º�¿�Â ® Xµ,α (α ∈ Iµ) B VSW�¯ . O � ¸ t · Xµ n

Xµ =
∐

α∈Iµ

Xµ,α

BF��� x�� ´ . l J�p�q n�¬�� J Closure relation
J�Ã�Ä�Å;³��5´

.
Æ�Ç

17. Iµ(λ) = {α ∈ Iµ | Xµ,α ∩Xλ 6= ∅} B1¤ G . � J B
C

Xλ =
∐

µ≤λ

∐

α∈Iµ(λ)

Xµ,α.

��� ³ f�h cohomology i�j K = IC(Xλ,C) H�È ´ . r = 2
J�K�L B º � G i ¸�É ZJ B
C HiK = 0 B>Q ´ �MB ¸
Ê � b

�Ë� ´
. �\� ³ (v, x) ∈ Xµ,α H�¶ OR·

IC−
λ;µ,α(t) =

∑

i≥0

(dimC H2i
(v,x)K)ti

BÌ¤ G . IC−
λ;µ,α(t) n (v, x) ∈ Xµ,α

J�Í ~ÏÎ3HS} � Q�u . r = 2
J�K�L\J�rSs B OR· l ¸ @

~ A;� B Ð�Ñ x�� ´ .
Ò�Ó

18.
N

µ ∈ Pn,r H�¶ O�· l J�Ô�Õ ®gÖ��D¯ α0 ∈ Iµ ¸g×�Ø ¯ ´ .

K̃−
λ,µ(t) = ta(λ) IC−

λ;µ,α0
(tr).

Ù�Ú ³ n�`�m¢B O>· �S¹S��Û �9Ü , Ý\Þ J ¥�ß ¸
à � � t · µ J B
��á]Ð�ÑIH3B
Ü�â t · u´

.
â � K̃+

λ,µ(t) H � u · n�� � ¸
Ü J }Sã]Q�ä�å � V�æç®R¾ � � ¥;Þ ³��5´ . n = 2 Q �
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¯�¹ · J r
³

, n = 3, r = 3
³ ^ÌÐ�Ñ3n�è O u . r = 2

J�K�L B º�é H , Ð�Ñ ¸ è O Û
�5ê l

¸
« � � ´ .

ë
19. Ð�Ñ 18 ¸ @�A ¯ ´ B1¯ ´ . � J B
C1l ¸ @ ~ AS�
(i) K̃−

λ,µ(t) n�ì�í�î�Z�À�Z J�ï�ð�ñ\³ i ≡ a(λ) (mod r) lIò ð ò�Ö ¸�ó
� ´

.

(ii) λ(1) = µ(1) = ∅ ô O , λ′ = (λ(2), . . . , λ(2)), µ′ = (µ(2), . . . , µ(r)) ô1¯ ´ . ��òõôgö

K̃−
λ,µ(tr−1) = t(r−1)|λ(2)|+(r−2)|λ(3)|+···+|λ(r)|K̃−

λ′,µ′
(tr).

÷�ø3ù
K̃±

λ,µ(t) ò�úõ® ��û · ¤¢ü .
ý

12.2. n = 2, r = 3 ô1¯ ´ . O � ¸ t · W ' S2 n (Z/3Z)2. �gòIôDö

(K̃−
λ,µ(t)) =




t7

t5 t5

t4 0 t4

t3 t3 0 t3

t6 + t3 t3 t3 0 t3

t5 + t2 t2 t2 t2 t2 t2

t2 t2 t2 0 t2 0 t2

t4 + t t4 + t t t t t t t
1 1 1 1 1 1 1 1 1




,

(K̃+
λ,µ(t)) =




t7

t3 t5

t4 0 t4

t5 0 0 t3

t5 + t2 t4 t2 0 t3

t6 + t3 0 t3 t 0 t2

1 t2 1 0 t 0 t2

t4 + t t3 t t2 t2 0 0 t
t2 0 t2 1 0 t 0 0 1




.
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