
� ���� Q�y�
a

�rRv� QO �u�U�vWu�tU� Q� ��tDH�
V��ty ��yxt�vQ� QO �OvOw� �rY� u�v�QvNU �r�k V��ty wO QO xm �Ovy w
	xOW xDN�vW �tra C�akwt x� xHwD �� CmQ�Wt u�� 
CW�O Ovy�wN CmQW
�PSI�u�Q�� l� R�i utHv� u��t xm CU� ���yU�tD �B QO w x�oWywSB
�tra �Q�mty CyH QO xDWPo p�U QO �APS��m� Qt� l� R�i utHv� w
R� ��aiQ� u�Or�s�UL ��v�Q�� u�Om� R�i l� xrtH R� w CU� xOW xDW�OQ�
CwaO uDovW�w QO APS 	xvq�U 	xQovm QO �v�QvNU O�Q�� ��Q�APS hQ�
PSI hQ� R� ��Peter Barnes�RvQ�� QD�B ����m� Qt� u�Om� R�i l� w OW
�Q�H p�U x�tQw� QyW QO u�Q��l� R�i 	xvq�UTv�Qivm QO �v�QvNU O�Q�� ��Q�
�Q�mty R�v l� R�i Qo�O ��yxN�W QO xm OwQ�t Q��Dv� wCU� xOW CwaO


Ovm �O�B xt�O� utHv� wO

�U��U C��Lqt ��Qw�t xm QwWm wOl� R�i ��yvtHv� �tra �Q�mty
�tra 	xat�H QO C�Ft w ��Uw �U�mav� OQ�PB�t CQwY l� Swrw
O�� w
OwN �tra nvy�W�B Vkv x�oWywSB R�v Qt� u�� QO 
CU� xOQm �O�B u�yH

uqOQ� O�yQi

Ovm�t �i�� u�Q�� 	xat�H QO �Q

	xOmWywSB QO u�tU� Q 	x� Q�v ��WywSB u�� QH xmCU�vCk�kL R� QwO �aO�u��
QO �tra ��yxN�W Q��U ��WywSB ��yD�r�ai �� xU��kt QO x�oWywSB l� R�i
u�kkLt w Cq�kt O�OaD Q�v R� xJ w OQ�O u�yH QO �Q CQyW u� QDW�� �u�Q��
O�OaD XN�W �� xm ��yv� �v�yH CQyW w Cq�kt C�i�m ��Lr R� xJ w p�ai


CU� R�Dtt u�Q�� �WywSB 	xYQa QO �OwW�t u�at C�a�HQ�
K�U ��kDQ� ��Q� hQ�aDt C�O�ytD Q� xwqa �O��v� ��yWv�O x�oWywSB
x�oQ�m w xUQOt u�wva �� ��xt�vQ� xmCU� p�UxU ��WywSB u�� QH u���tra
u�rw� 
Ovm�t �QH� ��v�yH w ��xk�vt ��v�Q���u�kkLt CmQW �� u�tU� Q
�Q�YDN� u�wva �� u�yiY� �DavY x�oWv�O �Q�mty �� u�yiY� QO xt�vQ�
ISS���� u�wva �� R�Q�W x�oWv�O �Q�mty �� R�Q�W QO �twO w ISS����
ISS���� u�wva �� �rRv�QOv� QO p�Ut� x�oQ�m w xUQOt u�twU 
OW �QH�


OW Oy�wN p�mWD IPM 	xr�Uwx� �qkDUt
u�tU� Q �s�v� u�R�OQBx� Q�v xHwD p��k CmQ�Wt �p�Ut� V��ty 	xYNWt
���B wQ� u�U�vW u�tU� Q �� s�oty Q��u�� xm Ow� Oy�wN �m� Qt� xOLDtCr��� R�

������

��DR��

���tyOQo u�� QO CmQW ��Q� ���m� Qt� u�QoWywSB VqD w xkqa R� �m �L �CU� xO�UQ A�J x� ����� 	x�
wS � 	xQ�tW �Nature 	xrHt QO xm �Q� R VQ�Ro

CU� OwHwt �v�wt seQ�ra

s



�� �B��B 	xQ�tW �
a

lvqB Tm �t �xat�H �� ���vW�

QO �u�tr� VywSB utHv�� j� Q� R� u� u�OvtWv�O R�v w OQ�O �Q�mty u�tr�

Ov� wH�t CmQW QwWm u�� QO C�k�kLD OQ�W�B

��QH� Ovv�t�irDNt jQ� R�lvqBTm �t 	xat�H�rrtr�u�� ��y� Q�mty
�O�DU� 	xrO��t ��D�k�kLD C�v�mt� QO l �QDW� �lQDWt �D�k�kLD ��yxSwQB
��yD	��y� ���a� R� �Q��U� w u�Q�Ot w ��tra ���a�� R� ��a� ��NDv�


OQ�o�t CQwY �u��HQ�N u��t R� xat�H �Qw�Wt
Q��eD x� C�Uv xm Ov�xOW �yOv�tR�U u�vJ lvqB Tm �t ��yxUU	wt
OvQ�DNtOwN V���tm OwN Q�m QO 
OvW�� Q�PBh��av� �VywSB Q�U �N
��yD���y� 	xr�Uwx� XwYNx� �s�vt pY�wi QO �yv� OQmrta w xt�vQ� �rw
��NDv� lvqB Tm �t 	xat�H R� GQ�N R� �yv� ���a� QFm � xm ��tra Qw�Wt
	xOR�� w OQmrta Q��Nx� lvqB Tm �t 	xat�H 
OOQo�t ���� RQ� �OvwW�t
w u�tr� QO x��Wt ��yO�yv u��t QO ���RU� Q��Da� OwN C�UU	wt �r�a


OQ�O u�yH
QO u� �RmQt 	xQ�O� w T�
Q �t� CU� u�rQ� QyW �xat�H 	xOW C�F pLt


Ov�xOvm �QB u�tr� hrDNt ��yQyW QO u� ��yxUU	wt w OvQkDUt M�vwt

xJN� Q�D

�� pt�W R�e� QO w OW T�U	�D ���� 	x� Qwi �� QO lvqB Tm �t 	xat�H
Kaiser�sryr� w QR��m 	xat�H u�Wv�H xat�H u�� 
Ow��D�k�kLD RmQt w xUU	wt
�v�yH nvH u���B �D ���� p�U R� xm CU� �Wilhelm�Gesellschaft

�Q��U� �swU V��Q �wkU �� 
Ow� u�tr� QO �WywSB �DtHt u� QDxOta swO
hrDNt ��r�eW� j��vt QO x�k� w OvO�W�B sy R� sryr� w QR��m C�UU	wt R�
T�U�Q� �r�k 	xat�H ����k� �R�UR�� R� lvqB Tm �t 	xat�H 
OvDiQo Q�Qk
u�� R� ��x�vH 
Ot� OwHwx� �� Qe u�tr� QO O�OH �D���DQD �� w wv �Qmi RQ�
u��� �OwW�t xO�O lvqB Tm �t 	xat�H 	xt�vU�U� R� �DtUk QO wv Qmi RQ�
CtwmL wRH xv �CU� xv�O�R� �VywSB ��Q� C�UU	wt R� �atDHt �xat�H
�pt�m pqkDU� w �O�R� �� �Q �tra VywSB ��YwYN �O�yv xv w CU�
�ki w �OyO�t s�Hv� �OW�� �QwDUO �� h�rmD ��QH� x� O�kt xmv�� uwO�
u�tR u� QO �v�tr� u�OvtWv�O 	x�LwQ R� ���DR�� �xDmv u�� �
CU� uwv�k ���D

� �

� �

��yO�yvu� QDQ�DatR��m� ��u�oOvv�wN���vW�xDWwvu�� R�hOy
OQmQ�m w Q�DN�U Q� sm �L�rm �wor�XwYNx� w u�yH�WywSB
Q��v ���yQwWm ��Q� Ov�wD�t u� R� ��v�wH x� xHwD xmCU� u�
��yywQo ���mvqB Tm �t� �wor� QO 	OW�� O�it R�v �t QwWm
w xOW x
�Q� ��yLQ� T�U�Q� �WywSB C�UU�wt w Rm �Qt �xSwQB
V���tm OwN Q�m QO �OvwW�t p�mWD �tra ��yR��v w �yiOy
�yv� OQmrta �rw �OvDUy OwN ���a� Q�v Q� �mDt w Q�DNtOwN
u�� w OQ�o�t Q�Qk ���� RQ� w �v�� R�� OQwt s�vt pY�wi QO
x�CU� umtt O�OH C���Dkt w �yR��v�UQQ� �� x�Qty �y���� RQ�
pqLv� �xUU�wt K�Ux� �D�ar��t �xDUy �� xSwQB xwQol� 
�kDQ�
x� u�l�miD �� Qo�O C�UU�wt QO u� s�eO� �xUU�wtl� ��k�� ��
�y���� RQ� 	Ot�Hv�� O�OHC�UU�wt w Rm �QtT�U��D �� w xUU�wt OvJ
���a� QFm � xm OvyO�t s�Hv� ��tra Qw�Wt ��yD���y� ��DOta �Q
Tm �t �xat�H�Dq�mWD Q�DN�U 	OvDU�v C�UU�wt u�� w�a �yv�
u���B R� �CU�yOL�w w C�UU�wt u�� �xawtHt R��mQt xmlvqB
u�� �t� OvDUy ���NDv� u� ��yv�oQ� s�tD w OQ�o�t pmW q�� x�
�rLt ��yDrwO w p�QOiCrwO 	OQ�O CQ��v OwN��RH� Q� xawtHt
QO�Dr�NO Ovvm�t u�t��D �Q xat�H u�� �xHOw� QDW�� xmv� �� u�tr�
�yyO Q�vm QO�rLt �� p�QOi�DrwO s�kt OvJ�ki w OvQ�Ov u� Qwt�
�rY� u�oQ� xm ��vU� QO ��tDH� syt ��yWN� Q��U R� xOv��tv
�LQ� 	OvQ�O C�w�a CU� xat�H QO �Q�os�tYD w CQ��v
w C�k�kLD �swra CQ�Rw QO ��wo �mvqB Tm �t �wor� T�U�Q�

	CU� �UQQ� CUO QO �Qw�vi

Max�Planck� Gesellschaft� sra OQ�W�B ��Q� lvqB Tm �t 	xat�H
CU� �v�tR�U �u�tr� QO�zur F�orderung der Wissenschaften

xwQo w �x�oW��tR� ��D�k�kLD RmQt �xUU	wt �yyO pt�W �pkDUt w �a�iDv�Q�e
u�� 
OR�OQB�t �v�Uv� swra w �a��� swra QO �O��v� ��yWywSB x� xm �xSwQB
OvQ�O xHwD �WN� O� wv w O�OH ��D�k�kLD ��yQ�Ut x� XwYNx� C�UU	wt
u�� ���xDWQu��t CrYN �p�rO x� x�wN �OvR�OQB�t �yv� x� QDtm �yy�oWv�O xm
x�wN w OvHvo�tv �yy�oWv�O ��yD�r�ai ��v�tR�U �	r�k QO xm C�k�kLD xvwo
u�wD OL R� GQ�N �Ov�r��t xm �D�v�mt� w �rvUQB ��yxv� Ry xmv� p�rOx�
QO �Q u�tr� ��yy�oWv�O Q�m �lvqB Tm �t 	xat�H �u��Q��v� 
CU�yy�oWv�O
�� ����yLQ� j� Q� R� �u� Q� xwqa 
Ovm�t p�tmD syt �WywSB ��yxv�tR
��yy�oW��tR� �C�R�yHD �Ovm�t �Q�mty u�� wHWv�O VRwt� QO �yy�oWv�O
p�mWD QO w �OyO�t Q�Qk �yv� Q��DN� QO xO�iDU� ��Q� �Q OwN ��yxv�N��Dm w
syt �D�k�kLD Rm �Qt Q��U �� u�vJty 
Ovm�t CmQ�Wt �yv� �� �WywSB Rm �Qt

s



� ���� Q�y�
a

Cq�mWD w xHOw�

��yDrwO w p�QOiCrwO 	xr�Uwx�lvqBTm �t 	xat�H 	xHOw� R� ��� OwOL QO
xat�H OwN Ot�QO w �C�v�a� ���a� ��ymtm pLt R� x�k� w �u�tr� �rLt

CU� xOw� wQw� OQ��r�t ���� ����� p�U QO xHOw� u�� 
OwW�t u�t	�D
CrwO ���D �OQ�o�t CrwO R� �Q OwN 	xHOw� s�a� CtUk xmv� �� xat�H u��
�rN�O ��yv�oQ� 	xOyaQ� u� Qwt� 	x�rm w�Wt�N 	xQ�� QO �Q�os�tYD wCU�v


CU� Q� R CQwYx� xat�H u�� Cq�mWD Q�Owtv 
CU� xat�H

�

� �

�

�

�

�

�

�

�

�

�

�

�

T��Q

���QH� xD�tm

pmQ��O

�RmQt �xQ�O�

�v�U

�twta �tHt

�t�L ���a�

�Q�NDi� ���a�

CtU ���Dk� x� ���a�

�vt� ��yD���y �tra Qw�Wt ��yD���y

lvqB Tm �t C�UU�wt

���a�
�tra

�v�Uv� swra �xN�W

�Qw�vi w l� R�i ��t�W �xN�W

�mWRB w �U�vWCU� R �xN�W

�tra ��QwW

�t�L ���a� �hr�� R� Ov�CQ��a lvqB Tm �t 	xat�H ���a�
w ��yO�yv ��YwYN ��DrwO��kwkL �� �k�kL ��yD�YNW Ovv�wD�t xm
C�UU	wt �tra ���a� xm�tra ���a� ��� 
OvW�� �pkDUt ��yutHv�
�tra ���a� w �xDUWvR���tra ���a� ���yv� u�Q�Ot�qwtat�lvqBTm �t
R� CtU ���Dk� x� ����a� �G� 
OvDUy �HQ�N C�UU	wt R� xO� RoQ�
�Q�NDi� ���a� �O� 
OvDU�v �tra w�a p�L u�a QO xm �v�Q�Ot p��k


OvwW�t ��NDv� sra syt u�tO�N w xDUHQ� u�QoWywSB u��t R� xm
xm CU� u� ���a� �twta �tHt �lvqB Tm �t 	xat�H Q� sm �L u�oQ�
C�QQkt Q��eD 	xQ�� QO ���yv �Q�os�tYD 
Ovm�t ��NDv� �Q ��vU� ���a�

CU� u� C�Q��DN� sy� R� xvq�U �rm w �r�t ��yWQ�Ro 	� wYD w xat�H
lvqB Tm �t 	xat�H Qwt� 	xQ�� QO �Q�os�tYD w CQ��v �RmQt u�oQ� �vU
��NDv�	� wYD �����QH� 	xD�tm� ���a� Q��U w xat�HT�
Q ��NDv� 
CU�
pqLv� �� T�U	�D 	xQ�� QO �Q�os�tYD ��t�L ���a� VQ�PB ��pmQ��O�
xvq�U VQ�Ro �UQQ� �u�Q�Ot w �tra ���a� ��YDv� ��yWN� w �yxUU	wt
�aU 
CU�vU C�Q��DN� R� ��twta �tHt x� x
�Q� R� p�k �r�t ��yWQ�Ro w
XwYNx� xat�H syt ��yWN� R� �v�oOv��tv �vU ���a�	�mQD QO OwW�t
�yQwD�vU R� ��xOa 
OvW�� xDW�O Qw�L��xv�UQ w ��O�YDk� ��tra��yWN�
��QwW���U	wQ w xat�HT�
Q Ovv�t �OvDUy �vU w�a OwNCtU���Dk� x�

VDtON w �R�v s� SQ Q��Q� QO sryr� w QR��m 	xat�H pqkDU� sOa R� xm CU�
xOQR�pO Q��U� �tra jqN� pwY� uO�yv�B Q� R w s� SQ u� �t��v OY�kt x�
w �yiOy CU� xO�Wwm uwvm �D sy TBu� R� lvqB Tm �t 	xat�H �t� 
OvOw�
u��aD sra CLrYt R� �W�v ��yDQwQ� T�U�Q� QDW�� �Q OwN ��yxt�vQ�


O�YDk� w CtwmL Q�v �D Ovm

� �

� �

s�kQ� w Q�t�

�� �Rm �Qt w �yxUU�wt O�OaD

wQw� OQ��r�t 	
�� �xvq�U �xHOw�

ORt�v 
	�� w s�kt OvtWv�O ���� OwOL
OvtW v�O w ��QDmO CU B jkLt � ��QDmO
R� ��
 w s�kt u�OvtWv�O R� ��� �u�ty�t

�Ov��HQ�N x�k�

��tra pvUQB

CQwYx� QDW�� xm�WywSB QF� 	����OwOL
CQwYx� x�k� w�tra Q�Dat CqHt QO xr�kt

�OvwW�t QWDvt Tv�Qivm VQ�Ro �� ��Dm

�xvq�U �D�Q�WDv� �xOR��

�sryr� w QR��m �xat�H�xat�Hu��h�r �U �Qiv 	�
�CU� xDW�O p� wv �xR��H �xOvQ� 	� R�v

�p�wv �xR��H u�oOvQ�

C�UU	wt O�H�� ��Q� x�rw� ��yt�o uDW�OQ� w �R�UR�� 	xQwO ���� 	xyO
CU�� Q �p� wv 	xR��H 	xOvQ� u�O�t�W �u�yQwDw� xm �xQwO u�� QO 
Ow� O�OH
R� ��tra �r�a C�i�m� w ���v VywSB Q� RmQtD� �CW�O xOyaQ� �Q xat�H
	xt�O� w s�eO� �� �uDW�Po Q�vm 	xQ�� QO u� T�U�Q� xm OvOw� ���yQ��at u� QDtyt
xDiQo s�tYD lvqB Tm �t 	xat�H ��wr CLD �r�k 	xat�H C�UU	wt Q�m

CUv�O �r�t �R� Qxt�vQ� w �Qw�wv �OWQ 	xQwO u�wD�t �Q ���� 	xyO 
OW�t
xrtH R������ x� �yv� u�vmQ�m O�OaD w �� x� �yxUU	wt O�OaD xQwO u�� QO
	xaUwD �rw 
O�UQ lQ�t uw�r�t ��� x� xat�H 	xHOw� w �OvtWv�O ����
w �yiOy R� QtDUt �O�kDv� �v�� R�� �� x�Qty �xQ�wty w�xQwO u�� QO xat�H
u�� w CU� xOw� Q�Ut K�LYD ��Q� �yxUU	wt OQmrta ���� RQ� w �yxt�vQ�
w �Qo�O C�UU	wt QO �yv� s�eO� �� C�UU	wt ��a� pqLv� x� �y�v�� R��
O�OH �tra ��yR��v uOQw�Q� ��Q� O�OH Rm �Qt w C�UU	wt T�U	�D �xD�r�
���QW QO lvqB Tm �t xat�H ��� w �� ��yxyO QO 
CU� xO�t�Hv��t
xt�O� OwN �i�m ��kDQ� w �y� Qw�wv x� O�Wwm �xHOw� Vy�m w �r�t ��vovD
Ow� ����QW QO lvqB Tm �t 	xat�H C� wkD w OWQ Oy�W ���� 	xyO 
OyO
OQw��B QO u�tr� jQW x� �Q xat�H C�r�ai uOv�QDUo swRr �u�tr� COLw xm
R� Qw�vt u�� x� 
Ow� xat�H ��Q� nQR� �Wr�J sy w �DYQi sy Qt� u�� w
�� Zwa QO w OvOW p��aD xUU	wt Q�yJ w OW xDU�m �Qe QO �yxv� Ry
p�U R� xat�H 
OvOW Q��O jQW QO G� QODx� �WywSB x�oDU�� l� w xUU	wt

CU� xOQm xv� Ry �kQW ��yxUU	wt ��Q� lQ�t OQ��r�t l� OwOL ����

s



�� �B��B 	xQ�tW �
a

�CU� wLvu�� x� hrDNt ��yxDWQ x� xat�H u��

QO �O��v�VywSB 
s�yO�t K��wD �hr�� 	xN�W 	xQ�� QO �QOk �Hv�� QO
	xr	�Ut w�a��� ��yOv��Qi R� ��xJQ�Bm� u���D Qw�vtx� ��DOtal� R�i w�t�W
QO xm �� QHD ��yWwQ 
OwW�t s�Hv� OwN uwt�Q�B ��Lt QO u�Uv� x�o��H
��yxR�Ov� 	xvt�O s�tD �OvwQ�t Q�m x�lvqBTm �t C�UU	wt QO �yWywSB u��
��yxR�Ov� 	xvt�O s�tD w  sr�a pm CaUw �D �O��v� 	xQP l� 	xR�Ov� R� �v�mt
Q� QO �Q  sr�a s�tD Qta �D �� QU xO�ar�jwi �O��v� ��yOv��Qi R� �v�tR
��yWvm �w l�t�v�O QO j�kLD x� lvqB Tmqt 	xat�H u�v�O�t�W 
OQ�o�t
QO xm ���yOv��Qi QO VywSB ��tD� ��Lr R� �xQ�e w �R�r�D�m �RDvUwDi�syt
�UtW 	xtw�vt M� Q�D hWm ��Q� xar��t w �OyO�t �wQ wH ��q�� ��yx�q
�Q �a�Uw 	xRwL �xat�H �m� R�i ��yWywSB QO KQ�t C�aw�wt 
OvR�OQB�t

OvwW�t pt�W �yv�Wmym w u�oQ�DU pwLD w �Q�opmW �D sD� 	xOvR�U !�RH� R�
sy w C����� Q �vwQO pwLD R� xDU�NQ� p
�Ut x� sy ���� Q ��yWywSB

OwW�t �w� Qt �OQ� Q�m ��yxRwL w Qo�O swra R� xDiQo C	�Wv p
�Ut x�
C����� Q �u� ��yOQ� Q�m R� xDU�NQ� p
�Ut w �O��v� VywSB u�� 	x���Q QO
��xS� w C�ty� ���� Q �R�UrOt w ��tra �QDw�Bt�m C��U�Lt ��� QHD
OvwW�t s�Hv� �Qw�vi w �l� R�i ��t�W 	xN�W QO xm �O��v� ��yWywSB 
OvQ�O
QO �U�vWCU� R syt 	xr	�Ut �� �qFt�OvQ�O Qo�O 	xN�W wO �� �mQDWt ��kv
�N� Q�D w �ovyQi C�ar��t �� �� xOu�tR�U �OwN ��ysDU�U pt�mD OQwt
p
�Ut QO ��x�U�wq� ��yOQ� Q�m u�vJty w ��B wQ� QO �Q�mRri R�e� 	xQ�� QO
��y�v�UQt�v�Ot�H Cr�L l� R�i QO xm �D�k�kLD Ovv�t 
OvQ�O �vi �� �rta
s�Hv� ��y�UJ w �nvQ ��yQ��i ��ym�DUqB�Qt�rB �t�W QO �� �xQ�e w C�Rri
�OvwW lQO �qt�m Qo � �xar��t OQwt ��yOv��Qi ��tUqB l� R�i QO �� �OwW�t


Ot�Hv�� ��xDUy CN�Oo j� Q� R� �SQv� O�rwD x� �RwQ CU� umtt

V� QO� QiCty x� ���� p�U QOC����� Q��Q�lvqBTm �t �xUU�wt
��xQiv Q�yJ C	��y Q��L p�L QO �Q u� C� Q�Ot 
OW T�U	�D MwQ�UDQ�y
�D� Zagier�Q�o �UD w �u�v"t ��G� Harder�QOQ�y �Tov�Dr�i R� 	mQt
��D�Uv xUU	wt u�� �t
�O QO�m 
CU� u� ���QH� Q�Ot QOQ�y w OvQ�O xOyax�
u�wva x� sr�a ��kv �Yk� R� �O�� R u�v�O���� Q p�U Qy �rw CU� lJwm
VywSB ��yxv�tR 
OvwQ�t �Hv� x� �YNWt 	xQwO ��Q� u�ty�t QoWywSB
�Q�H 	xUOvy �O�Oa� 	x� Q�v w �Q�H 	xUOvy R� Ov�CQ��a xUU	wt u�� QO
	x� Q�v ����UL ��yywQoQ� R w �Q�H ��yywQo �CN� Qt�tD ��ytQi ����UL

uw�at �� Q� Rw GvB R�v w xat�H �WywSB C�r�ai 	xv�oxU ��yxN�W w ��tra

u�tr� �rLt ��yDrwO w p�QOi CrwO hQ� R� �oOv��tv x� Q� Rw

�v�U

�vU hQ� R� p�U VW ��Q� xm CU� xat�H s�kt u� QD�r�a T��Q
�Q �twta �tHt w ����QH� 	xD�tm ��vU CU�� Q u�tRty w OwW�t ��NDv�
u�� C�LqY QO xm �Q �Qwi C�t�tYD Ov�wD�t sRq OQ�wt QO w OQ�O xOyax�
�Q�Oxv�RN �T�
Q 	��v Q�yJ �T�
Q R� 	mQt���QH� �xD�tm 
OQ�o� CU�yv�oQ�
�R�Uxv�tR w xv��r�U �r�t VQ�Ro w �rm 	xHOw� u� wOD 
CU� QwD�vU wO w
�pmQ��O w ���QH� 	xD�tm 
CU� u� C�Q��DN� xrtH R� ��Wt�N u��aD ��Q�


OvwW�t xO�t�v xat�H �xQ�Ot C���y ��awtHt

w�a Rm �Qt w �yxUU	wt u�Q�Ot ��tra ���a� R� 	mQt �tra ��QwW
Q�� wO x�o w Q��l� �r�U 
CU�yxUU	wt ��NDv� x� �v�OvtWv�O w xat�H
��YDv� 	xQ�� QO��vU C�t�tYD w �yxt�va�k u� wODx� w OyO�t xUrH p�mWD

OR�OQB�t ��yWN� w �yxUU	wt pqLv� �� T�U	�D w O�OH �tra ���a�


OQ�O R�v �OOaDt ��yxD�tm

��yv�oQ� x� w Ovm�t C��Oy �rm Qw�x� �Q �Q�H Qwt� �RmQt �xQ�O�
OyO�t �Q�� u�WD�t�tYD ��QH� QO �yxUU	wt x� w �Q�os�tYD QO �D� Q�Ot


OQ�O xOyax� pmQ��O �Q u� CU�� Q w

xat�H ��yD�r�ai R� �HQ�N ���� RQ� Qw�vtx� ��DOta Qw�Wt ��yD���y
R� V�� w OvDU�v xat�H w�a �yv� ���a� ��� R� V�� w Ov�xOW p�mWD
xUrH p�mWD Q��l� p�U wO Qy �yD	��y u�� 
Ov���t u�tr� R� GQ�N R� ���
CQwY T�
Q Cki�wt �� w �yxUU	wt O�yvW�B x� �yv� ��NDv� w OvyO�t
C�UU	wt u�� �wk ���DQ� �Q�QkQ� ��vt� ��yD���y p�mWD R� ZQe 
OQ�o�t


OvQ�O �vt� C	��y �xUU	wt �� 
CU� u�tr� 	xat�H w lvqB Tm �t

VywSB wQtrk

�OQ�o�t CQwY xOta 	xN�W xU QO lvqB Tm �t 	xat�H �WywSB C�r�ai
Qvy �G� ��mWRB w �U�vWCU� R ��� ��Qw�vi w �l� R�i ��t�W �hr��
	xHOw� X�YND 
OQ�O jraD pw� 	xN�W x� ���� Q C�k�kLD 
�v�Uv� swra w

s



� ���� Q�y�
a

C�UU	wt R� Qo�O �O�OaD xm CU� l� R�i x� �w� Qt lvqB Tm �t 	xUU	wt
Q�Dm � QO xOmWywSB u�� 
Ov�xOt� uwQ�� u� �pO R� lvqB Tm �t �m� R�i
xv R�e� QO w OW T�U	�D l� R�i ��Q� sryr� w QR��m 	xUU	wt u�wvax� ����
xQ�Ot C	��y T�
Q xm u�DWv�� CQ�r� RH� ��D��F QO�m xv w CW�O �v�tDN�U
�OOaDt ��yv�mt Q��eD w Q��U� ��y	�WvwR�Qi R� TB xUU	wt u�� 
Ow� u�
C� Q�Ot CLD ���� p�U QO s�Hv�QU �swO �v�yH nvH R� TB w V�B

Ci�� p�kDv� M�vwt QO V�rai pLt x� u�tQ�� n� wOwr w nQ�vR��y QvQw
Tm �t 	xUU	wt xU x� ���� p�U QO l� R�i ��Q� lvqB Tm �t 	xUU	wt
�twU w �l� R�i QDN� ��Q� �Qo�O �l� R�i ��Q� �m� �OW l�miD lvqB
l� R�i ��Q� lvqBTm �t 	xUU	wt �u� OvRQi u� QN� 
�v�tR�Qi l� R�i ��Q�


CU� �u�DWv�� CQ�r� 	xUU	wt��Wv�Qo
�O��v� !�RH� 	xv�tR QO VywSB �xUU	wt u�� C�k�kLD �rY� #w�wt
C�k�kLD 
CU�l� R�i QDN� QO �yv�Vkv w ��yv� ��yVvmty Q� �xO�t 	xOvR�U
��DN�vW xO�OB ��y�UQQ� ��wkVvmtyQ� u�O�t 	x� Q�v x�hw�at QDW�� �Q�v
�v��t w �OQ�Ov�DU� pOt �umtt ��yWQDUo QO xar��t �q�� �SQv� l� R�i
CmQ�Wt pt�W �xrtH R� ��� QHD C�k�kLD 
CU� �twDv�wm l�v�mt ���� Q
�Q�mty �� xm CUq�� �SQv� l� R�i x� �w� Qt ��yW��tR� QO xOQDUo


OwW�t s�Hv� nQR� ��yxOvyO��DW QO �rrtr�u��
�vqw���yxQwO QO xm�v�v�ty�t xrtH R��OvtWv�O ��� R�V�� xUU	wt
xQ�Ot C	��y 	xr�Uwx� w OQ�O $�QDmO �wHWv�O w �OvDUy xUU	wt QO COt
�m� QO xUU	wt QO�m u�OvtWv�O R� �O�OaD w u�Q�Ot QDW�� 
OwW�t xQ�O�
R� xUU	wt 
Ovvm�t T� QOD �TUM w LMU�M�vwt QyW x�oWv�O wO R�
xm CU� xDW�O u�ty�t u�OvtWv�O VQ�PB ��Q� ��xOQDUo 	xt�vQ� V�B �yr�U
jLrt u� ��yywQo R� �m� x� OyO�t u�mt� u�yH QU�QU QO sra py� x�


Ovvm Q�m xUU	wt u�� QO �DOt w OvwW
��nQ�rO��y QO���xDUyl� R�i ��Q� R�v �Qo�OlvqBTm �t C�UU	wt
QO�C�Ot�H �t�W l� R�i w ��u�O

�
U�QO QO�xO�J�B ��ysDU�U l� R�i


OQ�O OwHw �u�O
�
U�QO

x� xOWT�U	�D ���� p�U QO xml�D�tQwiv���Q�lvqBTm �t �xUU�wt
u� QDa�Uw QO �yv� ��yOQ� Q�m w �ytD� Qwor� Q� RmQtD �� QDw�Bt�m swra QOC�k�kLD
��yk�vt ��oO�J�B w �ytD� Qwor���v��t R� �yWywSB u�� 
OR�OQB�t �swyit
��QDw�Bt�m l�i�Qo �xrtH R���yOQ� Q�m R� �awvDt ��yxRwL �D ��R� Qxt�vQ�
�tra QO�m 
OQ�o�tQ� QO �Q ��D��U�Lt �U�vW CU� R w ��UOvy 	x�U�Lt
�QDmO �wHWv�O ��WywSB Q�mty �� OwOL pt�W Q��L p�L QO xUU	wt


CU� �k�w umwQ� Q�U QyW QO xUU	wt u�� 
CU� �QDmO CUB w

	xUOvy �p�Uv�Qi�O �SwrwB wD ��Q�H �SwrwB wD ��yxv�mD �rDNt R�r�v� �V��tv

CU� �k�w u%� QyW QO xUU	wt u�� 
���� Q l� R�i �p�Uv�Qi�O

xHwD�� ���� p�U QO swra QO C����� Q ��Q� lvqB Tm �t �xUU�wt
syt ��yDiQW�B w wUl� R� swra QFm � �uOW �D����� Q� �OWQ x� wQ �OvwQ x�
�xUU	wt hOy 
OW T�U	�D �Qo�O �wU R� u�tr� QO xUOvy w ���� Q R�r�v�
���� Q ��yxO�� u�� Ovw�BC� wkD w �OQ� Q�m wZLt C����� Q QO C�k�kLD
xUU	wtu�� QO���� QVywSB 	xOta��yxRwL 
CU��� QHD swra��yxO�� w
�t� 
�tra �QDw�Bt�m C��U�Lt w ����� Ql� R�i �xUOvy �R�r�v� R� Ov�CQ��a

CU� ��NQ�e �� RH p�Uv�Qi�O CqO�at 	x� Q�v ��WywSB �rY� EL�t

swra QO C����� Q ��Q� lvqB Tm �t �xUU�wt u�tDN�U

x�oWv�O �� �m�ORv �Q�mty CU� �k�w n� RB�q QyW QO xm xUU	wt u��
QO �B wQ� wQW�B �WywSB C�UU	wt utHv� w�a u�vJty w OQ�O n� RB�q
s�vt �v�tR pY�wi QO ���yW��ty w �CU� �ERCOM�C����� Q 	xv�tR
OQ�O u�OvtWv�O ��Q� COt R�QO CU%B �OwOat �ki OvJQy 
Ovm�t Q�QkQ�
��vO QU�QU R� �Q u�QoWywSB ��rrtr�u�� �WywSB C�UU	wt Q��U Ovv�t �rw


OQ�PB�t xr�U � QFm �OL ���yxQwO ��Q�

u� QDxOta �nQ�vR��yQvQw �xUU�wt�l� R�i ��Q� lvqB Tm �t xUU�wt

������

���vt
http���www�mpg�de

s



�� �B��B 	xQ�tW �
a

���� Q VywSB QO 	Q�mty x� V��Qo
u�Wv swOh�OQ ��OvQ�Ry	ULQ� K�LYO�Oa��CU�QCtU pwOH QO
x� �� 	xyO QO Qiv ����� R� QoWywSB u�v�O���� Q O�OaD V��Ri� 	xOvyO
p�U QO �� 	mQt 	xvq�U OWQ 	xOvyOu�Wv xm CU� �� 	xyO QO ������
swU h�OQ R� 
�CU� �� R� QDtm xm QW� C�atH OWQ nvy� R� QDW���CU�
R� �p�U QO u�O���� Q Qy ��R�x� Cq�kt O�OaD u�ov��t xm OwW�t ���vDU�
�� 	xyO QO ��� OwOL w �� 	xyO QO ��� OwOLx� �� 	xyO QO ��� OwOL
�Q�mty V��Ri� p�rO x� �OL �D �Q xOR�� V��Ri� u�� utU�Qo 
CU� xO�UQ


Ov�O�t xr�kt uDWwv QO

OyO�t u�Wv pwOH u�� �lQDWt Cq�kt uDWwv QO �Q�mty ��Lr R�
���� x� �� 	xyO QO ���� R� xr�kt Qy ��R�x� u�oOvU� wv O�OaD u�ov��t xm
�v�v�O���� Q 	xty R� ��� �ki ��� 	xyO �� QO 
CU� xO�UQ �� 	xyO QO
��Q� skQ u�� xm�r�L QO Ov�xDW�O lQDWt 	xr�kt Ov�xOQm QWDvt xr�kt xm
�Cq�kt 	xty R� ��� ���� QkD ��� w �� ��yxyO QO 
CU� ��� ��� 	xyO

Ov�xDW�O QDW�� �� xOvU� wv xU �yv� R� OYQO � �D � �ki w xOvU� wv l�
utU�Qo 
CU� xOw� ��� lQDWt Cq�kt OYQO ��� 	xyO QO xmv� p�L
xm OwW�t xO�O �� 	xyO QN�w� x� �w� Qt Cq�kt �UQQ� �� xm OU� wv�t
xOvU� wvxU xm �Dq�kt w �Ov�xDW�O xOvU� wv l� �ki Cq�kt hYv R� QDtm


CU� xO�UQ ��� x� Ov�xDW�O QDW�� ��

��yQ�m #w v R� QDW� � �C���� � Q QO VywS B xm Ovvm u�to ��xOa O ��W
� �O� Q� mx � �Q DW� � Cy� �W ��L r u �� R� w ��atH � D CU� �O�Qi v�
OYQO sy �� a k�w O ��W w �� � QH D sw ra QO j� kL D x � � D OQ�O �Q vy w

OW� � j�kO swra Q ��U R� QDtm Rwvy C���� � Q QO lQDWt ��yWywS B
QO �w�mwOvm �� �Jerrold W� Grossman� utU�Qo Or�QH xmv�vJ �t�
V��Qo �xO�O u�Wv �MR�Mathematical Reviews �D�aq�� lv��
x� wQ ��t
�O xDWPo 	xyO VW QO u�v�O���� Q u��t QO �WywSB �Q�mtyx�
���� 	xyO QO xm lQDWt �WywSB Cq�kt u�R�t xm �Qw�x� xOw� V��Ri�

CU� xO�UQ ��� R� V�� x� ���� 	xyO QN� ��yr�U QO xOw� ��� R� QDtm
SIAM News 	x� QWv ���� Q�t�wv 	xQ�tW QO xm utU�Qo �Q�t� �UQQ�
OQ�o�tQ� QO �Q ���� 	xyO ��s�t�v� x� w��D ���� 	xyO R� �xO�UQ A�Jx�
�D�aq�� lv�� QO OwHwt ���� Q 	xr�kt uw�r�t s�vwl� R� V�� Q� �vD�t w
�Hv�� QO 
CU� u�O���� Q ������� x� l�ORv Q�m pY�L xm CU� MR


s� Qw��t u�oOvv�wN 	x�Lqt ��Q� �Q utU�Qo ��yrwOH R� �D wO
QO u�yH u�v�O���� Q �k�kLD 	xOR�� R� ��r�H Q�t� AJ CtU pwOH
u�v�O���� Q �t�tD u��t R� �xmu�� xrtH R� �OyO�t CUOx� xyO VW u��
�QDtm �� xr�ktxU ��� R� V�� �Ov�xDWwv xr�kt l��ki ����� �T� wvxr�kt

&xr�kt ��� R� V�� ���� R� QDtm w

�yxr�kt O�OaD u�v�O���� Q OYQO
	 �����
� �	���
� ����
� ����
� ���


��	� �	���
		��� ����
�	��� ����

�	�	�� �	��
	�	���� ����
� ��� � ���	

u�W��yxr�kt �ULQ� u�v�O���� Q �Ov�ywQo

�� �xyO �� �xyO �� �xyO �� �xyO �� �xyO �� �xyO

��� ��
 �
� 	�� �� �� �yxr�kt O�OaD
	
� 	�� 
� �	 �� 	� u�oOvU� wv O�OaD

��
� ���� ���� ���� ���� ���	 xOvU� wv��yxr�kt O�OaD u�ov��t
���	 ��
	 ��	� ���� ���� ���� xOvU� wv��yxr�kt O�OaD Q��ath�QLv�
	��� 	��� 	��� 	��� 	�	� 	�	� xr�kt�u�oOvU� wv O�OaD u�ov��t
	��� 	��� 	��� 	��� 	��� ���� xr�kt�u�oOvU� wv O�OaD Q��ath�QLv�
��� ��� ��� ��	 ��� �
	 xQivlD ��yxr�kt
��� ��� ��� �	� �		 �� xQiv � ��yxr�kt
�	� �� �� �� �� �	 xQiv � ��yxr�kt
�� �	 �	 �	 �� �� xOvU� wv � R� V�� �� ��yxr�kt

	�� 	�� �� �� 
 � xOvvm �Q�mty u�oOvU� wv
��	 ��� ��� ��� ��	 ��� xOvvm �Q�mty u�oOvU� wv OYQO

���� ��	� 	��� 	�	� ���� ���
 xOvU� wv�u�Q�mty O�OaD u�ov��t

���	 ��

 ���� ���� ���� 	��� �xOvU� wv�u�Q�mty O�OaD u�ov��t
xOvvm �Q�mty

�D 	
�� �xyO R� �yv� u�oOvU� wv w ���� Q Cq�kt x� �w� Qt Q�t�
�OvQ�Ry �ULQ� K�LY s�kQ� �xyO Qy l�miD x��	

� �xyO

������

�OvDW�Po Q��N� Q��DN� QO �Q SIAM News �xr�kt uDt xm �k�kL uUL QDmO R� QmWD ��

s



� ���� Q�y�
a

�rmQ� QO �MSRI����� Q swra �WywSB �xUU�wt �or�U CU�� uWH

Ov�xDW�O xOyax� �Q

QO ���� Q C�k�kLD Q�o �Qi 	xUU	wt �yvD ����� 	xyO �D ���� 	xyO R�
QO �IAS�xDiQW�B C�ar��t 	xUU	wt QO C����� Q 	xUQOt ��r�tW ��m� Qt�
���� Q ��yvtHv� u�Q�Ot u��t�D�Qm �Pt p��vOx� ���� 	xyO QO 
Ow� uDUv� QB
x� xHOw� X�YND ��Q� �O�OH ��yy�Q 	xQ�� QO �NSF�swra �rt O��v� w
Ow� MSRI �m� xm OW Q��O C����� Q �rt 	xUU	wt wO ����� Q ��yD�r�ai

�DwUxv�t x�oWv�O QO �IMA�u� ��yOQ� Q�m w C����� Q 	xUU	wt �Qo�O w
xm �C�UU	wt x� xHOw� X�YND ��Q� �OOHt �UQQ� QO ����� p�U QO
�i�m R��Dt� OvDUv�wD IMA sy w MSRI sy �O�O s�Hv� swra �rt O��v�
swra �rt O��v� �Oa� x� u�tR u� R� 
OvQw� CUOx� �r�t C��tL 	xt�O� ��Q�
���vt MSRI �Q�N� ��yr�U QO 
CU� xOQm O�H�� sy Qo�O 	xUU	wt Q�yJ
	xHOw� R� OYQO �� �D �� OwOL Q��L p�L QO w xO�O VQDUo �Q V��r�t


OwW�t u�t	�D swra �rt O��v� RHx� �a��vt R� u�

	xQ�wvWH Q� xwqa MSRI �or�UCU�� uWH ��yxt�vQ� xrtH R�
�twta �v�QvNU w CQ�r�y p
�Ut 	xQ�� QO OQoR�t l� ����� Q ��ytr�i


�O�v�wN� �Q �ywr��D�Ow� l� R�i w xUOvy 	xQ�� QO ��D� pm��t

Mathematical Sciences Research� ���� Q swra�WywSB 	xUU	wt
T�U	�D OQor�Uu�tDU�� ���vQi�r�m ��rmQ� QO �MSRI Q�YDN� x� �� Institute


CiQo uWH ���� p�U Q�Dm � QO �Q OwN

�rw CU��vQi�r�m x�oWv�O R� pkDUt w �a�iDv�Q�e ��xUU	wt MSRI

xJ �V��yxt�vQ� Q��Nx� xUU	wt u�� 
OQ�O u� �� �m�ORv �Q�mty w ���DQ�
��r�tmD ��yD�r�ai R�v w �ZLt EL��t QO xJ w �OQ� Q�m ��yxv�tR QO
u�QoWywSB w xDi�� x��Wt Rm �Qt u��t QO R�Dtt �D�akwt �VawvDt w xOQDUo
s�kt QoWywSB �� OwOL xvq�U 
Ovm�t	rH OwN �wUx� u�yH QU�QU R� �Q
u�� ��y�oS� w R� 
Ovvm�t O�OR�� u� R� u�ty�t QoWywSB ���� OwOL w OQ�O
���yxt�vQ� �yr�U �� w OR�OQB�t �yv�x� xm CU� �FL��t �oOQDUo �xUU	wt
EL��t w �Q�t� �u�tU� Q 	x� Q�v ����� Q �U�vWCU� R ����� Q O�YDk� QO
xm xt�vQ� Q�yJ �D wO xvq�U �CU� xOQm �QH� ZLt C����� Q QO �awvDt

Ovm�t Q�RoQ�CU� �y�oWv�O p�U l� �� p�Ut�v l� �yv� R� l� Qy COt
��Lr u�� R� w OQ�O �OQ� Q�m w ZLt ��yxv�tR j�irD QO �aU �rm Qw�x�
x� xHwD �Hv� QO OvJQy �CU� T�rov� �G� Q�tm QO uDw�v lR�� xUU	wt x��W
uW nv�W uwJ �U�vWQU u�v�O���� Q 
CU� QDW�� �OQ� Q�m ��yxv�tR
xUU	wt u�� C� Q�Ot �DOt l� Qy uDUQD s��r� w w �mUvqB�m n�vwQ�� �uwJ

� �

� �

xQ�mv�wB w CQ�r�y
xm ��D� pm��t �OW Q�RoQ� MSRI T�U��D OQor�U u�tDU�� uWH QO xm �CQ�r�y ��yxr��Ut �xQ�� QO �OQoR�t QO
CQ�r�y nQR� ��yOQw�DUO xmv� �� w Ov�Wm xQ�mv�wB w CQ�r�y �xU��kt x� �Q EL� Ow� OQoR�t QO u�oOvvmCmQW R�
�Q wO u� E�Q�t �w 	Ov�O�t QD� wk �Wv���L�Y w QDjqN �v�O���� Q �Q xQ�mv�wB O�UQ�t Q�vx� �OQmv Q�mv� �Q
�Dmt �xQtF u� QDQwyWt w CU� xOw� �m �� Qw� ut u�tox� CQ�r�y �Dmt �xQtF u� QDQwyWt
 �OQm xYqN u�vJ
�� xm Cio ��D� hqNQ� �ROr�i p�Ot �xOvQ� w CQ�r�y p��Ut R� �m� �xOvvm pL�uywm p�B �t� 	
			OrwvQ� �xQ�mv�wB
C��F� �qFt �CQ�r�y ��yOQw�DUO x� C�Uv �Q OwN �DioW w s�QDL� w Ovm�t T�UL� 
�QDW�� �m�ORv
 CQ�r�y
uywm 	CW�O R�Q�� �CU� xOw� syORwv uQk p��Ut u� QDsyt R� �m� xm xrm� Q�O pY� �DUQO ��Q� CQ�r�y j�kO

	sv���t Qw�CioW w xO�ar�jQ�N �Q w� �vyP CQOk �hQY �svm�t x�ov CQ�r�y ��yOQw�DUO x� �Dkw
 �Cio
CQ�r�y xm Cio �OQoR�t QO u�oOvvmCmQW R� Qo�O �m� �CQ�r�y �y�oWv�O �xt�v�oOvR �xOvU� wv O� Q Tv�DUvm
RQ� x� �wLvu�� x� w CU� xO�t�v�t 
�xQ�mv�wB pUv �va��VOwN pUv u�O���� Q u� QDoQR�
 �Q xQ�mv�wB xW�ty
O� Q 	CU� xOw� QDoQR� p�U CWy xQ�mv�wB �Q� R CU� xDWPo�t xQ�mv�wB �� OwN �xU��kt �xr��Ut Q�vm R� �i� Q�
w �xQ�mv�wB �� Ow� �QDoQR� u�O���� Q CQ�r�y �CU� xO�UQB �CQ�r�y OQo �W�Cv�Qwm OQ�J� Q R� Q��l� xm OwRi�
�� �Q w� O�v�wD�tv p�Lu�� ��
 �xm OwW�t pwkpkv Cv�Qwm R� O� Q ��Dm QO 	xQ�mv�wB O�OQD�� �xm CU� xO�vW MU�B


			O� w�QD�t CQ�r�y R� xm Ow� ��xO�ar�jQ�N CQ�QL w QwW u� Ok�i w� �Q� R O�vm xU��kt CQ�r�y

� �

� �

u�tU� Q �x� Q�v w �yHw CU��
uWH QO �tw ta � v�Q vNU l � QO � � D� pm ��t
l� R�i w xUOvy
 u�wva�� MSRI �or�UCU��
uQ� k D �xQ� � QO EL � x � 
nv� mw�y � D uw�q i� R�
CN�OQB �s�Dvt ��y�yHwOvJ��vw�qi� s�UH�
��Q � Q r Bm CUQO� v pOt R� �Q �yxO �� R� �Q�Ut w
�D �wDQOwD ��y�yHwOvJCQwYx���UtW �xtw�vt
���vFDU� ��r ��yywQo w �vw�qi� s�UH� u�� ���wQ
�yHw CU�� x� xm �yywQo u�� R� �m� 	OQm s�UQD
u�tU� Q �x� Q�v QO �Wkv �OwW�t �w� Qt s�Dvt

�xtw�vt R� QrBm pOt OvJ Qy TB 	CU� xOQm �O�B
���DQ� �xQ�� QO �w OwyW w sW �Ow� CUQO�v �UtW
CUQO ��U�U� �l� R�i w �vw�qi� s�UH� u�� j�ta
xm OyO�t u�Wv u�� ���D� �xDiox� 	CU� xOt�QO �� R�


	O�� Q�mx� �RwQ �D Ov�t�t �k�� �wN �xO��


������

�R� X�NrD �� pkv

Notices Amer� Math� Soc� �March ������ �	�
�	��

s



�� �B��B 	xQ�tW �
a

�v�UQ�q
� RmQt �xv�y�t 	�y���tyOQo
w� �� QHD MU�B u�tQ�yJ 
CU�v sy �RtQ s��B �CU�v �vOQm Q�UiD QaW
uwO� u�Uv� �oOvR xmu�� w Qvy x� Ow� u�Uv� R��v C��yv QO 	
QaW �QJ� x�
�� w� w nvQ xv Qo�O ��yQvy 	xawtHt �rm Qw�x� w �W�kv ��k�Uwt �QaW


O�O MU�B u�Q��L ��yWUQB x� OLwt !��� u���B QO 
���vat xv w OQ�O

�R�w� h�OQ Q� �Ot�QO �

QwB�vULt s�QyW
uwQk R� Oa� �Qel�Uqm �k�Uwt
uOW ���OYOvJ CtU x� ��Uw
Ow� sRq Qt� u�� ��Q� w OQm CmQL
CQwY �yt� o pY�wi QO �r �Oa D
QwS�t ��yt�o �yvD wQ u�� R� w OQ�o�
��k�Uwt QO �rw 
Ov�t �k�� Qwv�t w
QO xS� wx� w O�Ov MQ j�iD� u�� jQW

�y�Ov�xrtHuOW QDxO�J�BCtU x��rw Ov�t�k�����OYlD�k�Uwt u�Q��
w �v�Q�� R�w� ��yxvwtv QO u�wD�t �Q u� Gw� xm OQm CmQL �vRw ��ywor� w


OQm xOy�Wt 


�O�a �RQ�t R� xOv�t �k�� �R�Uh�OQ QO
hrDNt ��yt�o QO xm CU�yxWwo R� ��xr��vO �v�Q�� �k�Uwt QO h�OQ
xDio x�oDUO ��yt�o u�� x� 
Ov�xOW 	DQt X�N �wLvx� �v�Q�� �k�Uwt
�x�oQ�yJ �x�oxU ��wv �uw��ty �Qwy�t �QwW �CU�DCiy �yv� O�OaD w OwW�t


x�oHvBCU�Q w
CU� x��Wt l�Owrt ��yDmQL w �y�Ov�xrtH R� ��xawtHt xWwo Qy
QO O��� xOvR�wv �� xOvv�wN w OyO�t p�mWD OL�w ���k�Uwt #w�wt l� xm
x�oDUO Qy 
Ovm C��aQ �Q h�OQ QO xOW ��Lr 	�DQD x�oDUO Qy ��QH�
�Qw� �yxWwo 	�DQD 
OwW�t #wQW x�oDUO u�ty �Ot�QO s�vx� ��xWwo ��
QO xm OQm Oy�wN T�UL� xOvwvW �OwW �QH� ��xOvv�wN �UwD Qo � xm CU�
Q�mx� �OY R� �QDQ� R w QDq�� ��yDtUk �Oa� 	xWwo x� �r�k 	xWwo R� CmQL


CU� xOW xDiQo
xOQWi pmW Ck�kL QO Q� QLD 
QaW w Q� QLD �OQ�O �U�U� umQ wO R�w�
u�� RD 


��ON �sv�H �u�t� Ovv�t Q� QLD C�trm �UwD xm CU� �Owrt 	xOW
O��� sy QaW 
OwW Qy�' �Owrt u�OvJ CU� umtt Q� QLD Qy QO 
OwW�t
�� u� uRw w xWwo ��U�UL� ��vat �� u� ��wDLt xm OwW ��NDv� �Qw�


OW�� Q�oR�U xWwo QO OwHwt �vRw ��ywor�
���� u�QwO x� ���� QkD �v�Q�� �k�Uwt R� xOv�tO�� x� Q�F� u� QD�t�Ok
��yxrwr QO �yv� R� �tm O�OaD xm OOQo�t R�� �UtW �QHy ���� �D

Ov�xOW ��� uwi�t�Qo C�LiY QO �QDW�� O�OaD Oa� p�UOvJ w h�Qowvi
O�U pFt �R�w� O�D�U� xQwO u�� QO 
Ov�hwQat pw� 	xQwO Q�F� x� Q�F� u��

��y�v�QvNU �Q�RoQ� x� s�Ok� �Q�H p�U R� x�oWywSB �v�UQ#q�� RmQt
xOQm �xv�y�t ���tyOQo� u�wva �� �Qvy w �ovyQi C�aw�wt QO ��xv�y�t
GQ�N QO �kwP w �Qmi sr�wa �� �QDW�� ���vW� x�oWywSB u�Q�mty �D CU�
��yDQwY x���ovyQi ��yxt�vQ� ��QH� 
Ovvm �O�B j�kO swra 	xOwOLt R�
QO �H��Q C(vU �xQ�e w ��k�Uwt �sr�i �x�oW��tv ��v�QvNU Ovv�t �irDNt
���vW� w �Q�m w �Qmi (wH h��rD x� �Q� R CU� u�yH �tra ��yy�oWywSB
w Ovm�t ltm QW� 	xkqN C�r�ai R� �Qo�O ��yxN�W �� �tra u�QoWywSB
	xRwt Ovy QO �D�D �WywSB 	xUU	wt �qFt 
CU� QF	wt �yv� O�O ji� VQDUo QO

CU� u�kkLt ��wvat P�PDr� 	x��t �yv� ��W�tD xm OQ�O �Qvy Q�F� S� ��r�H
CYQi xm OvDUy OwN �YYND Q�m QO jQe u�vJ �� wo �t u�QoWywSB �t�
���tyOQo wO �xmv� �aOt u�� Oy�W 
OvR�Ov�� Qo�O sr�wa x� �y�ov OvQ�Ov
QO �r��kDU� �� �OvOw� �O� w Qvy Q�y�Wt R� �yv� u�v�QvNU xm �pw� 	xv�y�t
�Q�RoQ� CU� s(tYt �v�UQ#q�� RmQt �p�L u�� �� 
OWv wQx� wQ Q��Dv� OL
�mOv� �t u�QoWywSB xm O�t� u�� x� OyO xt�O� R���B R� �Q �y�v�QvNU xDWQ u��
R� �Qo�O ��yR�Ov�sWJ QoxQ��v x�t QO �Da�U w Ov�� uwQ�� OwN lq R�


OvW�� QW� C�r�ai
p�U CWy��OQ� �� w u�OQwQi �� QO��xv�y�t ���tyOQo� wO uwvm �D
u�Ok�vt�OLwt 
��� ��k� �pw� ���tyOQo QO xm CU� xOW Q�RoQ� ��Q�H
�x�oWywSB QO j�vt �QDmO �wHWv�O�QwB�vULt s�QyW ��k� w �Qa�W w
�yWUQB x� w OvDio uNU �Qa�W��WD� QyJwvt ��k� �swO ���tyOQo QO w
x� ��xawtHt QO �Oa� ��y�v�QvNU w �y�v�QvNU u�� pt�m uDt 
OvO�O MU�B
���tyOQo wO QO xOW KQ�t 	r��t 	xO�mJ �Hv�� QO 
O�UQ Oy�wN A�J


O�vm�t x�Lqt �Q pw�

�QaW �QJ �

OLwt 
���
� ��yNU� B � v�Q vNU u �� #w�wt
Q aW �QJ� x m Ow � VUQ B u �� x �
��Hx � OLwt !� �� 
	
s��wo�t
��� u�� QO ���yx� Q�v x� uDN�OQB
OwN �YNW ��yx� QHD O�O K�HQD
u �O � w� MU� B u�rw� 
OyO KQW �Q
�mOwm R� �Q QaW xm Ow� u�� VUQB

�� OLwt 
xv��Qe�� �WN�DPr Cv�m QDpt�m 	xDio x� w �Ow� xDi�� VN�DPr
QO �O�R� x� uO�UQ �Q MU�B u�twO w CUv�Ov �i�m �Q MU�B u�� �r�qO QmP
p�	wU u�� x� w� MU�B u�twU 
OQm QmP �y�oxQtRwQ w �yUw��m R� uDiQ�Qi w QaW
w� Q�v x� 
OvDU�v �vOQm u��� CQ�W� u�� R x� RH xm QaW QO Ow� �Qwt� u���

s



� ���� Q�y�
a

QO u�H �sO� u� �OvOQ��t q�� �u�tQm QO���yQ�vt sWJ� w ��yQ�vt x(rm� w
)xv �� OwW xDUv�O Ct�ve CU����t ��� xOQ�

�N� Q�D I�y QO ��tCrt ��y�DN� QwW w�N� Q�D ���Hi xmu�� �Qo�O xU
�s��N pFt �u�Qa�W u�� uwJ w 
�yQaW QO RH �xOWv xDW�ov p�tm wKw�wx�
pt�m �y�o � swW 	xDWPo u� Q� 


w �t�v �
i�L ��OaU ��vqwt ��UwOQi
xv�Qa�W u�� R u�ty QOTB 
OUQ� �t x� �D OvDN�OQB �yv� 	xv�OvQ �C�F x� �OvDW�O
�mQ� R �� sy w s�Ov�t u�� R �UQ�i w �v�Q�� w s�OQm Ctw�kt sy �t xm Ow�
�t x� RwQt� xm �vDt �s�Owtv p�O�D �uDt� x� �Q EO�wL ��yOqH 	x��U Q� R QO
�xDW�O �B Q� Q�vtx(rm �D OvJ Qwt�D �xDWm xvwoJ pwet �xOQm xJ �Qa O� wo�t

i�L �� 
xOQ� q�� GQ� sOQt ��ytWJ R� �Dw�Uk xJ �� Q�H�k 	xH�wN ��
�OYx� �Q u�Or�RQ��t Q�t� w #�HW x�W uwJ �v�Q�m �� Q ���wUQ p�� xvwoJ


CU� xOQw�QO

��yQaW w �yxQw�U� QO �uDU� RVwN��N� Q�D 	xW� Q �xmu�� Qo�O Q�yJ
CU� Q�mW� u�vJ u�Qo�O w�t��v w�UwOQi uwJ �Q��m ��yv�w�O wCWDQR
�Q uDU� RO�W w C��L 	xiUri w Qmi u�� OQ Ov�wD�t �OvtWwy u�Uv� Qy xm
�Q uwvHt w �r�r w u� Q�W w wQUN 	xtw�vt wO �ki Qo � �tW 
Ovm �O�B �yv� QO
�m� �x�oQ�v wO x� O�v�wN� OQ�O �� Qa 	x��tu� �twO w �v�Q�� uwt�t �rw� xm
w T� w 
O� Q��t �B �xv�W�Ov�x��D w xv��r�s�rUD �Qo�O w xv�R�Qi�QU w xOvRQU
Qo�O �CU� ��r��O�W w �� wHt�m QU�QU w OQ�O �v�Q�� 	x��t �qt�m xm u�t�Q


OQ�O OwN ��H

w xO�RQy�� u�ULO�U w �Ovw�tO ��vH �QP��r��k� uULr�w�� �u�NOtL�
�Q�F� u�NQk�� w u�N V� wQO ��rav�UL �RQ�t �


�O�a �RQ�t uwJ �v�oOvR�wv
�UwD u�QyD QO C�LiY u�� R� �O�OaD 
OvOQm ��� �HQt w �vOv�tO�� x�
O�D�U� u�� xm ���yQiU QO R�v �Qo�O O�OaD w OvOW ��� ���B wQ� ��yDmQW


OvO�OQo ��� �Ov�xDW�O T� Q�B w uOvr �T�riD x�

s��N QaW QO �y�WwNsO w�v�Q�� uym ��r��O�W �u�wQ �
			 w �i�L w

�WD� QyJwvt
sO� R�uNU �Dkw x mu �� CUN v
O���v �O���t V�B QaW QO ��WwN

OwW �vat pw�ODt ��r�CQWa x�
CPr w �v�OQOk ��WwNsO R� Qw�vt
x� xm CU� C��L 	y�wt R� uOQ�
x vQ ow 
xOt� OwHwx � Qw�vt u�ty

)Ow� �yv� jrN x� �DQwQ� xJ

u�Qa�W xm ��yx�Lr uDUv�O Ct�ve xS� wx� ��y�WwNsO u�� �xmu�� Qo�O
�wvat w �ovyQi ��U��U M� Q�D �vwRwt�v pY�L �OvvR�t sO u� R� nQR�
OvDiQo�t �Q �yv�Uv� u�H R� QvwN u�tH�yt ��vORsO QO �Dkw 
CU�t 	xDWPo

J ���CU�Q R�

�y�WwQUN ��Qtqe w �WD� QyJwvt

���CU�Q R� I

�t��m lt��U w OLwt ����

s



�� �B��B 	xQ�tW ��
a

��
� �p�U QO x�oWywSB 	�yD�r�ai �VQ�Ro

�U�U� ��yrwOt �wQ xv�owO ��yQ�HvR

�OyWt �UwOQi x�oWv�O �Qiv�w�m O�aU

Q�� ����B w �yxD� Q�w R� �� Q�pY�L �xQ�� QO

�OyWt �UwOQi x�oWv�O �OQi�N��Wt RwQy�

�y�vDt �r�� ��yywQo �r�� wO Qo� Q�

�OyWt�UwOQi x�oWv�O �u��LrYtp�Y OtLt

�FrFt M�v�� ��yQ�H �m� SwrwB wD �Swrwty

� D a vY x� o W v�O ��OR �xO�R �O� y Ow t L t
��Uw� u�Or�Q�YvxH�wN

R� �Y�N �xOQ ��Q � Q F �wt �OOa � � Q k D l �

�mQt sr 	yOQi
�QDrw p�QoDv� CqO�at

�R�Q�W x�oWv�O �u��D��Oy s� Qm
��y��i �wQ �� Q� ��yQorta u�wD ���DR��


�a��D

s�kt u�kkLt �

��DWy� O�yW x�oWv�O ��Uw� OwaUt
�wQ ���Hx��H ��yQ�H �QwUv�D �Q�pY�L


u�O�t

�TQOt C�� QD x�oWv�O ��Q�vt ��DHt
�DQt ��yv�O�t QO�Dv�iw�O C��� QkD R����yx�vH


K�LY CtUk l� x� RyHt

�u�QyD x�oWv�O ��tU�� lt��U

���Hx��H Q�H QO �m� Swrwty ��yWwQ

j�vt ��QDmO u��wHWv�O �

xO�R�ra O�Ht
�v�etro QwB�vULt s�QyW

jkLt u��wHWv�O �


TQOt C�� QD x�oWv�O �C�� K�UtO�U

�DWy� O�yW x�oWv�O ��v�NsU� �raOtLt


u�QyD x�oWv�O ��O�t� ��Qtqe

u�QyD x�oWv�O ��v�kQe ToQv

�R�wy� u�QtJ O�yW x�oWv�O �x�vB QP� RQ�� Qi

C��X� �Q�H X�wN

��DWy� O�yW x�oWv�O ��tqU� ��� R

nQR� ��yxawtHt �Ov�xDUO w �yO� QD

�u�yiY� x�oWv�O �s�a� O�aU
��ysDU�U w �y�DN� QOwN R� xOt�Q��r ��yQ�H


�rwY� xW� Q

�TQOt C�� QD x�oWv�O �Vvtv�Q�� �ra
��Q�PSU �n� q� wC��q� xwQo �Q�PBX�NWD


n 	 
�� 
�

��DWy� O�yW x�oWv�O ��v�LwQ�QiaH O�Ry�

u�Qm�� ��y��wH COt R�QO Q�DiQ QO �WywSB

�h� QW�DavY x�oWv�O ��tD�N �r�r

u��DWvQo l� Swrwty ��yOa�

��wQUN RwQy�
n 	 u� QO xm �Dn�q� xwQo �Q�PBX�NWD


�m 
 


�u�et�O x��B swra x�oWv�O �VvtQ��WN s��m

l� Swrwty ��yOa� R� ���yOQ� Q�m

�Q��mQ�t� �DavY x�oWv�O �u�kyO �Oyt
�RQt �xYNWt l� �� �wtyU �xrO�at l� pL


��NQ�e

�srat C�� QD x�oWv�O ��
���O �kDOtLt

jDWt �QwoD�m QO �a�wt �Swrwtywm �x� Q�v

��t�LQ OwaUtQ�t�

�y�vDt ��yxkrLQ� R w �yywQoQ� R ��yi�Qo�UQQ�

�u�DUJwr� wu�DU�U x�oWv�O �Q�mtr�U ��Q�ra
R� CiH l� QwWQo� Q� ��Q� �y� w�Ut�v ��a�


�yywQo

�u�yiY� �DavY x�oWv�O ��Q
�� uS��

�QwO ��yOm �xQ�� QO

�OvHQ�� x�oWv�O ��t
�k Qk��OtLt

u� X�N ��yDr�L w �i�� OOa ��yQorta
�h� QW �DavY x�oWv�O ����vi ��QO�tL


�yi�Qo �DU�r w �U��Q �R�t�nvQ �xQ�� QO

�R�wy� u�QtJ O�yW x�oWv�O �xO�RtQm �raO�t�

C��
�� Q �xOmWywSB

�yxSwQBlD �

s�kt 	�

�OQm QyW x�oWv�O ��kyO�yr�OU� O�wH

Ext QwDmv�i uOW QiY QO uQ�kD

�u�Q�� CavY w sra x�oWv�O �xO�R�t�t� RwQy�
u���Q �RQt 
QW �� u�UqBq �rY� �xS� w Q�Okt


�OLt

�TQOt C�� QD x�oWv�O ��Qk�� OtLtO�U

l�Uqm xt�v ��yx� Q�v pOt �x� Q�v w s�eO�VwQ

s�t� �rrtr�u�� x�oW v�O ��v�R�Q utLQr�O�a
��xQ��v�tN


xOW 
wrNt ��yxO�t QO s�Q� ��yxraW OwHw

�u�QyD x�oWv�O ��tDUQ Ow�O
CqO�at ��Q� hr��Qm ��y��iQ� R �R�U�R�wt


�r�QoDv�

�u�et�O 	x��B swra x�oWv�O �u�� Qq�U 			�QmW
On homological dimensions and

their applications II�

CavY w sra x�oWv�O �xO�RQ�DNt ��QOtLt
�u�Q��

��yxvt�O QOTqBq QwD�QB� �xYNWt Q�O�kt �xr��Ut

pmW O�

��DWy� O�yW x�oWv�O ��Q�vt ��DQt

u� ��yrOt w pw� �x�DQt ��y��UL

O�yW Q��O C�� QD x�oWv�O ��vt�t ��QO�tL
����HQ

��yywQ o s� v QiY x� raswUkt h�Q o �xQ� � QO

���Hx��H

s�ktQ�e 	�

��xQ��v�tN s�t��rrtr�u�� x�oWv�O �Q�m���ra

��q�� �xLiYs�v ��Q� R�Uty wO uwU�wB �xDUy

s



�� ���� Q�y�
a

�u�HvR �r�tmD Cq�YLD RmQt ��vWwQ R�v� Qi

Q�PBp�QoDv� ��yrOt

�R�Q�W x�oWv�O ����� Q 			�Ctav

��NQ�e l� R�i

�R�Q�W x�oWv�O �OHQ� R OtLtO�U

��NQ�e l� R�i

�u�DUOQm x�oWv�O �xQ�DU ��QOtLt

�U�vWu�y�m QO QDt� R�m OQ� Q�m

�u�DUOQm x�oWv�O ��O�aU Or�N

Q�PBp�QoDv� ��yrOt

�R� Q�D x�oWv�O ��t�rU Q�� QyW
POVM�

��DWy� O�yW x�oWv�O ��QmW l���

�tUqB l� R�i

�u�QOvR�t x�oWv�O ��kO�Y QiaH

�O��v� C�QP

�R� Q�D x�oWv�O ��v��iwY xt�LQ
hrND u�R�t u� QDW�� �� pure �twDv�wm Cq�L


p� �w�Ut�v R�

�R�Q�W x�oWv�O ��R� Ra 			�R� Ra

��NQ�e l� R�i

�u�Oty �v�U �raw� x�oWv�O ��NQi uS��

�tUqB l� R�i

�R� Q�D x�oWv�O �uDwQi xtwYat

�R�i Q�DiQ QO xDUQB�B� �rB QF� �UQQ�

�R� Q�D x�oWv�O ����i Q��OviU�
Quantum coding�

�R� Q�D x�oWv�O ��t� Qm QY�v

Cq�L X�wN �xar��t

�OyWt �UwOQi x�oWv�O ��UwQo ��QOtLt

�O��v� C�QP

�u�HvR�r�tmDCq�YLD RmQt �u��v�DUrou�t�Q

p�oJ �xO�t

�u�HvR �r�tmD Cq�YLD RmQt ��Qovr 			�O�a

xO�J�B ��ytDU�U

�Qwvs��B x�oWv�O ��vULt ��DQt

Vv�Qo

�h� QW �DavY x�oWv�O �wvDQw�� u�ULOtLt

u�tU� Q �x� Q�v

s�ktQ�e u�kkLt �

�R� Q�D x�oWv�O �u�QwNrmQwBOL� h�OY

�q�� �x� Q�v QO �Qw�D Ci��yQ

�R� Q�D x�oWv�O �T�vWQDN� O�wHO�U

hrDNt ��yQ��at �UOvy w �m� R�i Q��aD

x� oW v�O �� k�Uws �y�Q ��O� DU� �raO tLt
�h� QW�DavY


�v�Wvx�q x�oW��tR�

�R�Q�W x�oWv�O ��QOvmU� ��QOtLt

��NQ�e l� R�i

�R�Q�W x�oWv�O �Q��OQ� u�ULtqe

��NQ�e l� R�i

�x�twQ� x�oWv�O ���vy� ��QyU

�yr�Dm �Qi �Drwt

O�yW Q� �O C� � Q D x�oW v�O �Q�Y�� hUw�
����HQ

Vv�Qo

�u�Oty �v�U �raw� x�oWv�O �QwB QiaH O�yQi

pO�aD R� QwO �Q�t� l�v�mt

�R� Q�D x�oWv�O �xO�R�QiaH �raOtLt

�twDv�wm �oDU�ty

�R� Q�D OvyU x�oWv�O �wrk�vJ ��Q�ra

Q�PBp�QoDv� �twDv�wm ��yv�O�t �x� Q�v

�u�yiY� �DavY x�oWv�O �Ck�kL QwYvt

�O��v� C�QP �U�vWxO�OB

�h� QW �DavY x�oWv�O ���vQwWm �N OtY

�U�vWu�y�m

�TQOt C�� QD x�oWv�O ��wQUN s�QyW

�U�vWu�y�m

�R�Q�W x�oWv�O �u�kyO u�ULOtLt

�yxr�Jx��U l�t�v�OwtQD

�h� QW �DavY x�oWv�O �Q�wy�Q ��QyU

�U�vWu�y�m

�R� Q�D x�oWv�O ��Dt�Qm����Q �Oyt

�twDv�wm C�aq�� QO TwOL Cq�L OQ� Q�m

��QDmOCUB �xQwO u�kkLt �


R�r�v� ��QP� u�UL

Q�H ��mvQwB ��QOtLt


xUOvy ��QiY s�QOB

C����mQD �����Qxi��� RwQy�


C����mQD �u�� OQ�J� Q

�tra C���y �

�v�yWyW O�OQyt

CwUmV�B O�D�U� �

�v�H� Qq 	� O�wHOtLt
�y�WwQUN ��Qtqe
�v�yWyW Vw��U

l� R�i �xOmWywSB

s�kt u�kkLt �

�TQOt C�� QD x�oWv�O �QwBv�t�� �ra

u�tU� Q �x� Q�v

�u�vtU x�oWv�O �u��tQN �kv�ra

�yvwQO�y ��yQ�DN�U 	��wD

�Q��mQ�t� �DavY x�oWv�O �Ot�QU Q��yW

xDi�� 	WaWD �U�r�U �R�UQ�mW� �R�UpOt

�u�QyD x�oWv�O ��a�HW �ra

�O��v� l� R�i

�u�W�m x�oWv�O ��a�iW u�Wi�

�O��v� l� R�i

�u�yiY� �DavY x�oWv�O �O�RQ�W OtL�

C�QP �U�vWxO�OB

�h� QW �DavY x�oWv�O ��kwOY �Ov

u�tU� Q �x� Q�v

�Q��mQ�t� �DavY x�oWv�O ��U��a u�UL

�tUqB l� R�i

��tD� �SQv� RmQt ��DWQ�atq OtLt

��N Qo��DW

�u�QyD x�oWv�O �RwvR�Qwv OtLt

Vv�Qo w s�a C��Uv

s



�� �B��B 	xQ�tW ��
a


u�QyD x�oWv�O �hw���Q xvt�  

�u�QyD x�oWv�O �xO�Ru��v��rU O�tL
�Q� wYD w p�vo�U VR�OQB

�u�Q�mty


u�QyD x�oWv�O ��v�t� uOq  


u�QyD x�oWv�O �u��v�yH u�Or�s�UL  


u�QyD x�oWv�O �K�Ot R�vyt  


u�QyD x�oWv�O �u�tO�W O�R�  


u�QyD x�oWv�O �TtW OtLtO�U  

�TQOt C�� QD x�oWv�O �u��v�vtU O�aU

OQO w �Q�oO��

�Q�mty


x�oWywSB �O�Svu�t�rU xyr�  

O�yW �mWRB swra x�oWv�O ��O�RyW ��QyU
��DWy�


Ret �r�a ��yD�r�ai QO Twtq�D Vkv

�u�Q�mty

O�R� x� o W v�O �u� �U� �a u �UL r�O �a  

�tqU�

�mWR B swra x�oW v�O ��v�Qta uULt  

u�QyD

�mWRB swra x�oWv�O ��OwvWN�raOtLt  

u�QyD

O�yW�mWRB swra x�oWv�O �u�� Q�m �B ��wB  

�DWy�

C� � Q D x� o W v�O �pO m � B�QO� k RwQ � i  

TQOt

�u�QyD x�oWv�O �Tmwr wQ�m
�� yxR�OQ B QO h ��w a �R� UpO t

��DN�vW
�DU� R

�Q�mty


u�QyD x�oWv�O ��r��� QwB�rk �ra  


uQ�kDQ�� �xO�ROwtLt�UOk OtL�

u�tU� Q �x� Q�v ��v�tm Ow�O


uQ �U �xSwQB ��OtLt �OytOtLt

CwUmV�B O�D�U� �

uqOQ� O�yQi
�aiQ� u�Or�s�UL

�vWro �Oyt

�DN�vW swra �xOmWywSB

�D�k�kLD ��yxSwQB �

O�yW x�oW v�O w x�oWywS B ��mDU� u�UL
��DWy�


���v�� CN�vW �vwQv ��ysU�v�mt
�u�Q�mty


x�oWywSB �QwB Q�t VwQwm  


u�QyD �mWRB swra x�oWv�O ��Q� Rw s� Qt  


u�Q�� �mWRB swra x�oWv�O ��t�Qy� QO�y�  

�mWR B sw ra x�oW v�O �Qyt�H�Q ��Q  

u�QyD

�mWR B swra x�oW v�O ��r�mwOvR u�t�  

u�QyD


u�Q�� �mWRB swra x�oWv�O �QYDvt q�r  


u�QyD�mWRB swrax�oWv�O �R�Qi� ��QO�U  

O�yW �mWRB swra x�oWv�O ��v��m x� RwQ  

�DWy�

�DavY x�oWv�O w x�oWywSB ��v�LwQ u�y�W
�h� QW


�vwQwv �xm�W �ak�w �R�Ux��W
�Q�mty

�mWR B swra x�oW v�O ��O���� V�Dm�  

u�QyD

�mWRB swra x�oWv�O �CUOu� QR ��QOtLt
�u�QyD


x�i�L w �Q�oO�� �Swrwm �tQ�iwQv
�Q�mty

�Q��mQ�t� �DavY x�oWv�O ��Jxe�Qt RwQy�

�tUqB l� R�i

�u�QyD x�oWv�O �jiWt ��QO�tL

�Q�v ��xDUy l� R�i

�h� QW�DavY x�oWv�O ��QwYvt ��Q

�U�vWu�y�m

�OR� x�oWv�O ��r�rHQ�t p�ir�w��

�O��v� C�QP

�u�yiY� �DavY x�oWv�O ��RQ�t RwQy�

�O��v� C�QP �U�vWxO�OB

�R� Q�D x�oWv�O ����RQ�t �Oyt
��yQ�eDt �r�oJ ��yU�Ok�t �oDU�ty �xar��t


xDUw�B
�R� Q�D x�oWv�O ��W�� Q�Hv QO�k

C�ar��t QO �r��Q�e w �r�� ��yW��tv OQ� Q�m

�twDv�wm

jkLt u��wHWv�O �

�DavY x�oWv�O �xJ�OQmu�NOtL� u�ULQ�t�

Q��mQ�t�


h� QW�DavY x�oWv�O �u�wN� O�t�

Q��mQ�t��DavYx�oWv�O �O�Sv�vqY���DQt


h� QW�DavY x�oWv�O ��QiaH Q�m �O�U

h� QW�DavY x�oWv�O �sOkt�v�
wN xtwr�U


h� QW�DavY x�oWv�O ��QmW QeY��ra

u�yiY� �DavY x�oWv�O ��tU�k �t�U


h� QW�DavY x�oWv�O ��raHvo �raOtLt

h� QW�DavY x�oWv�O ��a�Wt OtL�


h� QW�DavY x�oWv�O ��iYt p�a�tU�

�tra C���y �


�tUqB l� R�i ��k�QW� uw��ty

u�tU� Q �x� Q�v � ��R�wQB MQy�W

u�tU� Q �x� Q�v ��OtQU u�UL

�O��v� l� R�i ��a�HW xt��i

u�tU� Q �x� Q�v �QwBU��a ��Q


C�QP l� R�i ��y�y�W�ra uULt

Q�PBpL ��yrOt �UQQ� ��QNi u�UL

s



�� ���� Q�y�
a

w v� v �m�t�v�OwtQD w �m� v�mt X�wN �UQQ �

�v� Qm ��yxrwr

w �DWy� O�yW x�oWv�O ��HvBU ��QO�tL
�x�oWywSB

QF� �UQQ� w �m� Swrw�� ��y��We �R�UpOt

�yv� C��F Q� �HQ�N ��yv�O�t

w �DWy� O�yW x�oWv�O �Qi�Qwie TwU�Qm
�x�oWywSB

��yQ� DN�U w v� v QO �yR� o CW� � v� �R�UpOt

�v� Qm

��QDmOCUB �xQwO jkLt �

�x�oWywSB �xwSB�t�mL u�UL
�� yQ� D N� U QO C� a �� t VQ� W �R� UpO t


�QDtwv�v

sw ra x� oW v�O �Q ��YCk � Q� nQ � r o  

u�QyD �mWRB

�tra C���y �

�OQHDUOO�Lw O�tL

wv�v swra �xOmWywSB

�D�k�kLD ��yLQ� �

u �O r�Q �Y vxH�wN x�oW v�O ��r�rH 			�h�U
�x�oWywSB w �Uw�

QO xO�iDU� OQwt l� Swrw�� ��yt�U wv�v �L�Q�

�rwmrt l�vwQDmr�

�x�oWywSB �Q��D�a�iQ sW�y


u�QyD x�oWv�O ��O���OtL��r�v O�Ht

�Q�oO�� QO �Q�mty

�u�Q�mty


u�QyD x�oWv�O ����Qa�Q�Hv l���  


u�QyD x�oWv�O �jWaQw�Ut QLU  


u�QyD x�oWv�O �K�DiQ�t ��QOtLtO�U  


u�QyD x�oWv�O ��D�Qy OL�  


u�QyD x�oWv�O �VN��yr� u�ULQ�t�  

� DU � R y � sw r a x� o W v�O �Qw B� r � v ��Q
��WN�v�wD


�U�vW u�� R
�u�Q�mty


x�oWywSB �CUwOawv O�Qy�  

x�oWywSB R� 	Q��N�
uqOQ� O�yQi w w� ����� p�U R� 
CU� xDWw v xr�kt OY OwOL QO �w
QO x�rw� C�k�kLD QO xrtH R� �Ov�xDW�O �Q�mty �irDNt ��yxSwQB QO


Ow� �nvQ� ���v xm Parastatistics
u�� u�kkLt �� �O��v� ��yWv�O x�oWywSB Q�m R�e� R� �QwYvt uwO� Qi
�v�QvNU w �tra C�aq�� 	xrO��t ��Q� �yQ�� wCW�O �WywSB �Q�mty RmQt


Ow� xOQm Q�O�O x�oWywSB R�

Q�mty u�Oki
R� �m� �O��v� ��yWv�O x�oWywSB
OwN VwmDNU w j�OY u�Q�mty
R� �OaU O�aU 
O�O CUO R� �Q
x�oWywSB C�U�U	�D VN� u�vmQ�m
�oOvv�Q V�QNrO 	xFO�L l� QF� Q�

CWPoQO ���� x�tO�OQN pw� QO
x��tO�OQt �� QO �OaU u�wQO�W
w ��UwDt 	xO�w�v�N l� QO ����

	xDWQ QO �u�DUQvy R� srB�O PN� R� TB w OwWo u�yH x� xO�O ��yPt
�Q ��xr�U � 	xQwO ��R�� QU CtON R� Oa� w CN�OQB p�YLD x� C�U�U	�D
R� w Ov�QPo �D�U�U	�D Qwt� QO XYND w x� QHD 	Um x� T��aQOv� QO sy


CUw�B x�oWywSB u�vmQ�m �tH x� ���� p�U
��a��MwW �� v� � Q yt ��U� vWx i �'w �x� oWywS B QO w� u�Q� mty


O�� �t�Qo VO�� 
OQ� Ovy�wNv O�� R� �Q w� C��Hv w �Q�PBh��av�

�QwYvt uwO� Qi CWPoQO
l � R �i O� DU� ��QwYvt uwO � Qi
� D� v �Uu�U x� oW v�O QO �Q� v
x�oWywS B 	xDU ��w O�DU� w �m � Qt�
s D W y QO ��O� � v � �� y W v�O
	xDmU QF� Q� �Q�H p�U CWy��OQ�
R� � m � �w 
C WP oQO � � r k
Q�tWx� u�tU� Q 	x� Q�v u�Q�Pov��v�
�Q� mty x v �tR u �� QO w OwQ�t


CW�O x�oWywSB �� �m�ORv

OwN x�UwDt 	xQwO srB�O w OW OrwDt u�QyD QO ���� p�U QO �QwYvt
p�U QO �Q �U�vWQ�m lQOt w CiQ �m� Qt� x� TBU 
CiQo QyW u�ty QO �Q
x�oWv�O R� ���� p�U QO �Q OWQ� �U�vWQ�m ���v�wr�UvB x�oWv�O R� ����


CiQo Rv�mB�y Rv�H x�oWv�O R� ���� p�U QO �Q �QDmO 	xHQO w �pBtD

�Yoichiro Nambu�w�t�v �� �Q�mty x� p�YLD R� Ce�Qi R� TB
�L� N� Chang�n v�J w w� j� i D� x � w CN�OQ B w o �m�W x�oW v�O QO
	x v� t � B w u� t U � Q 	x � Q � v 	x v � tR QO �Q Ow N Q�P oQ � F	� D w s y t Q F�
���� p�U R� 
OQw� O�OB x� Q�v u� QO �Conformal Gauge�T�Oty
xJv� w O�O s�Hv� �v�QoQ�� 	xv�tR QO �tyt C�k�kLD p�� x�oWv�O QO ���� �D
�MacDowel�Mansouri Gravity���QwYvt p�w�O lt � v�Q o� �Q

CiQ � D� v �Uu�U x�oW v�O x � ���� QO 
OQ m KQ�t �OwW�t xO�t� v

s



�� �B��B 	xQ�tW ��
a

u�W �� x m C i� � V ��W o l � R � i 	xOmWywS B
O� � �u�oOvvm CmQW x � � � wo Ot�VwN ut�
j��wU QmP �� �Q �QwYvt uwO� Qi QwUiQB swLQt


OvDW�O �t�Qo u�W�tra

T v�Q i v m u �� �Q�R oQ � s � v w RwQ wO ��
�a�Uw h�� xm OW x 
�Q� � v�QvNU �� O�Oa D
O�OaD 
OvOW�t pt�W �Q l� R�i C�aw�wt R�
QO xm Ow� Qiv �� Tv�Qivm u�� QO u�oOvvmCmQW
u�oOvvm CmQW 
OvDW�O p�ai Qw�L �y�v�QvNU
Rm �Qt w �yy�oW v�O u�kkLt w u�O�DU� pt�W
w �r�tm D Cq�YL D u� � wHW v�O �� D� k � kL D
R� xm O vOw � �U�vWQ�m u� � wHW v�O R� �OwOat
�u�Qy D �R � Q� D �QUr �� � �u�yiY� �l �Q� ��yQyW
w u�Oty �OyWt �R�Q�W �GOvvU �u�HvR �u�Oy�R
u�vJty 
OvDi� � Qw�L T v�Qi vm u �� QO OR �
�O�OaD u�mU� w x�oWywSB ��QUv�tyt K�DDi�
� ��QW OW 	Hwt u� QO T v�Qivm u� v�tyt R�
QO u�oOvvmCmQW V��U� w Qw�L ��Q� ��U�vt
QO x�oWywSB u�Q�Ot s�Ok� xm O�� sy�Qi Tv�Qivm


OQ�O Q�OkD ��H OQwt u��

��y�v�QvNU u� w�va

�x�oWywSB ��k�QW� uw��ty

Vortex dynamics in fully relativistic

�uids�

�OyWt�UwOQi x�oWv�O �ui�Oi Q�YkD��s��m

Superstrings scattering from non�

commutative D�branes and DBI ac�

tion�

�u�QyD x�oWv�O �Qiv�wD ��Q�ra

Gauged motion and space�time

symmetries�

�u�Oty �v�U�raw� x�oWv�O �QwB QiaH O�yQi

First order phase transition in a

reaction�di�usion model with open

boundary� The Yang�Mills theory

approach�

OW R�e� xv�tR u�� QO ��Uv �rwLD u�v�Ok�vt R�
���� Q j�vt ��rN�O x�oWv�O OvJ QO uwvm � w

OQ�O Qw�L �WywSB w �WRwt� ��yxRwL QO
��yWv�O x�oWywSBC����� Q 	xOmWywSB QO xS� wx�
���� w ���� ��yr�U QO C� wv wO QO �O��v�
xDiQ�PB ���� Q j�vt $�QDmO �wHWv�O �O�OaD
OvOW p�YLDr�dQ�i u�v� R� �NQ� ��D��yv w OvOW
u�� QH QO x�oWywSB QO xv�tR u�� QO j�kLD w
Q�H �j�vt� x�oQ�m �yD�r�ai u�� ��DU�Q QO 
CU�
���� x�tQyt �� �r� �� M� Q�D R� ����UL w
jkLt u�OvJ Qw�L �� C����� Q 	xOmWywSB QO


OwW�t Q�RoQ� xDWQ u�� QO �v�yH pw� R�Q�
x�ltm x�oQ�mu���Q�RoQ��rY�p�qO R��m�
u�vJty 
CU� u�Q�� QOV��Qo u�� QDW��CiQW�B
	xv�tR uOwtv sy�Qi �x�oQ�m u�� �Q�RoQ� h�Oy� R�
j�vt C����DQ� OQwt QO �Q�oO�� w Q�v pO��D
xwqa xm Ow� Oy�wN O�Oa� 	x� Q�v w Q�H �� ���� Q
u�� wHWv�O ����� Q R� xN�W u�� u�O�DU� Q�
CmQ�Wt u� QO R�v Ovtxkqa �r�tmD Cq�YLD


CW�O Ovy�wN
O v�CQ� �a x� oQ� m u �� 	xO v v m Q�R oQ � 	x D � t m
��x� o W ywS B�� v� H � Qq 
� O�w HO t L t �R�
x� o W v�O w x� o W ywS B��Q k� � O t L tO � U
x� oW v�O�u� �OytQw B Ow aUt ��TQOt C� � Q D
x� oW v�O�C �� va � ra ��Q � � mQ � t� �D a vY
GQ �� ��� m � Qt� ��U
�O uDo vW�w � �� m � Qt�
��DHt ���m� Qt� ��� Qe �wv�r�� x�oWv�O��QDvqm
�TQOt C� � Q D x�oW v�O w x�oWywS B��Q � vt
O�yW x�oW v�O w x�oWywS B��Q�vt �� DQt w


��DWy�
x�o��B x� QDW�� C�aq�� w s�v C�F ��Q�


O�vm xaH�Qt Q� R �DvQDv��
www�ipm�ac�ir�logic����

l� R�i �xOmWywSB
�Q�vl� R�i �xQ�y� Tv�Qivm u�tyO �

u � t yO ���� x� tO�OQ N � � �� yRwQ QO
	xO mW ywS B hQ� R� l � R � i 	xQ� y � T v�Q i v m
Tv�Qivm 
OW Q�RoQ� x�v�tQi u�tDN�U QO l� R�i
CU� � Q uqOQ� O�yQ i Q D mO � v�Q vNU � � syO

C��
�� Q �xOmWywSB
� �

� �

u�wH u�v�O�
�� Q �xR��H
xR��H� OQ�O Q�v QO VywSB w C����� Q �xUU�wt
l��p�� Q	��������� dr�t x� �u�wH u�v�O���� Q
���� Q �xOW A�J �xr�kt u� QDy� x� �Q �u�twD uw�r�t

�Ovm �Oy� O���t Q� R QO u� ���QW xm

�Q Q� R �xLwQWt lQ�Ot OwW�t CwaO u����kDt R�
Q� R TQO� x� ���� p�U x�t Q�D u���B �D QFm �OL

�Ov��tv p�UQ�

����QW
CqHt R� �m� QO xDWPo p�U xU QO xr�kt �	
��Q� �OW�� xO�UQ A�J x� �rrtr�u�� Q�Dat
R� xOW A�J Cq�kt �	��� p�U �xR��H
u�� OH�w �Oa� x� �Oq�t ���� p�U ��OD��

�Ov��QW
R� QDtm O����t xr�kt u�oOvU� wv �� xOvU� wv ��
p�U �xR��H ��Q� �OvW�� xDW�O uU p�U ��
x� 	��� p�U x�t u�OQwQi u�OrwDt �	���

�OvQwmPt �QW OH�w Oa�
xOvU� wvTQO� w xOw��v�Q�� O��� xr�kt �xOvU� wv ��
�OW�� u�Q�� QO �xr�kt �xt�vU�vW QO xOW QmP�

�R��v OQwt lQ�Ot
�xr�kt pY� R� xNUv wO �	

u�oOvU� wv �� xOvU� wv �cv� �tra �xOvwQB ��
�xr�kt

�TQO�
VywSB w C����� Q �xUU�wt

�O��v� ��yWv�O x�oWywSB �C����� Q �xOmWywSB
	
�
� ���� �DUB jwOvY

u�Q��  u�QyD
��
�
�� �uirD

��
���� �Tmi

���UL w Q�H �j�vt� x�oQ�m �Q�RoQ� �

����� Q ��yW��Qo u��t QO ���� Q j�vt V��Qo
pmW �� wNx� ���� 	xyO R� p�k pk�OL u�Q�� QO
�O�OaD OwQw �� QwmPt 	xyO �U�w� R� 
Ow� xDiQov

s



�� ���� Q�y�
a

An in�nite class of exact solu�

tions for one�dimensional position�

dependent e�ective mass Schrodinger

equation�

�u�yiY� �DavY x�oWv�O ��Q�Ht �Oyt
Constraint structure in modi�ed

Faddeev�Jackiw method�

�x�oWywSB w u�QyD x�oWv�O �RwvR�Qwv OtLt
Electromagnetic waves in NUT

space�

�DN�vW swra �xOmWywSB

u�DUvtQ� x�oQ�m �

� M� Q�D R� u�DUvtQ� w u�Q�� lQDWt x�oQ�m u�tHvB
�� ��Qw�vi w C�aq��� 	xv�tR QO x�tQ�D �� �D Q�D
��yy�oWv�O u�kkLt w u�O�DU� R� ��xOa CmQW

OW Q�RoQ� u�DUvtQ� QO �HQ�N w �rN�OhrDNt
u�ULr�O�a w Tmwr wQ�m ��v�LwQ u�y�W
QwB�rk�ra �xOmWywSB u�O�DU� u�wvax� u��U��a
�wHWv�O u�wvax� QwBs�y�Q�� ��Q wjkLt u�wvax�
Cq�kt 	x
�Q� �� �DN�vW swra 	xOmWywSB �QDmO


OvOQm CmQW Q�v�tU u�� QO Q� R
�Tmwr wQ�m

Information technology in data

analysis and control�

��v�LwQ u�y�W
Information technology transfer�

concepts and issues�

�QwBs�y�Q�� ��Q
Face recognition as a higher func�

tion� a new approach with fract neu�

ral network�

�u��U��a u�ULr�O�a
Automatic phonetization problems

of unmarked vowels�

Planar and non�planar konishi anoma�

lies in noncommutative N�� SUSY

theory and their applications�

�x�oWywSB ��y�y�W�ra uULt
Topics in string theory�

�x�oWywSB ��QNi u�UL
Generalized Klauder�Perelomov and

Gazeau�Klauder coherent states for

Landau levels�

�u�DUm �B �s�a� O
�k x�oWv�O �Q�Ok QeY�
Perturbative Invariance principle�

�R�Q�W x�oWv�O ��v�tQyk QO�v
Charge dependency of strong nu�

clear force via phase shift analysis

of nucleon�nucleon potential�

swra �r�tmD Cq�YLD RmQt �u��v�DUro u�t�Q
�x�oWywSB w u�HvR 	x��B

Recent developments in casimir ef�

fect�

swra �r�tmD Cq�YLD RmQt ��Qovr 			�O�a
�x�oWywSB w u�HvR 	x��B

Charge and magnetization plateaux

in strongly correlated models�

�x�oWywSB w OR� x�oWv�O ��r�rHQ�t p�ir�w��
CORI Approach in extracting of

lambda MS�bar from moments of

structure functions�

w h � QW �Da vY x� oW v�O ��a�Wt OtL�
�x�oWywSB

Viscosity considerations in the dy�

namics of a large amplitude oscillat�

ing bubble�

�l �Q� x�oWv�O ��O� �wt u�Qt�m

w R � Q � D O v yU x� oW v�O �w r k� vJ ��Q�ra
�x�oWywSB

Reviewing of conformal invariance

in Toda �eld theory�

w u�yiY� �DavY x�oWv�O �Ck�kL QwYvt
�x�oWywSB

Helium atom spectrum in noncom�

mutative space�

�x�oWywSB w u�vtU x�oWv�O �u��tQN �kv�ra
Polarized hadron structure� using

QCD �ts to Bernstain averages�

�h� QW�DavYx�oWv�O �Q��D�t�LQ ��QOtLt
Statistical theory for Kardar�Parisi�

Zhang equation in zero tension

limit�

w h � QW �Da vY x� oW v�O �Q�wy�Q ��Q yU
�x�oWywSB

Gravitational microlensing data in�

terpretation in the known galactic

models of milky way�

�OyWt �UwOQi x�oWv�O �u��OQtR s�y�Q��OtLt
Quark and Gluon jets and calcu�

lation of coupling constant using

electron�positron annihilation data�

�x�oWywSB �Ot�QU Q��yW
Electronics systems at cryogenic

temperatures� application and per�

spectives�

�x�oWywSB w QUr��� x�oWv�O ��kO�Y QiaH
The N�	 superconformal algebra

and modular Transformation�

w h � QW � D a vY x� o W v�O �� kwOY �O v
�x�oWywSB

s



�� �B��B 	xQ�tW ��
a

	xOQDUo Q��U� ��OOaC��U�Lt ��yOm QDW��
�UwD �y�R�Ux��W u�� s�Hv� CyH �QDw�Bt�m

OvwW�t xDWwv w u� wOD xOmWywSB u�kkLt OwN

��y�R�Ux � �W s�H v� xm v �� x � xHw D � �
��yQ�Ri�CNU x� �UQDUO G�DLt �Q�m w �OH
sw ra 	xOmWywS B �CU� O v t DQO k � D� �U�Lt
�m� R�i swra �WywSB x�oW��tR� T�U	�D wv�v
OwN ��yD�r�ai u�DUN v QwLt �Q � D��U�Lt

QDiO xS� wx� w �x�oWywSB ��ymtm �� w xO�O Q�Qk
OvJ xrtH R� QDw�Bt�m �yHwD p��k O�OaD �CU�� Q
xOQm x�yD �Workstation��D��U�Lt �wmU
��yLQ� 
CU� xOW R�e� x�oW��tR� C�r�ai w

�R� Ov�CQ��a �QH� p�L QO �WywSB

�m�t�v�OwtQD w �m�v�mt X�wN �UQQ� 
�

�v� Qm ��yxrwr wv�v

�UQQ� w �m� Swrw�� ��y!�We �R�UpOt 
�

�yv� C��F Q� �HQ�N ��yv�O�t QF�

��yQ�DN�U QO C�a��t VQ�W �R�UpOt 
�

�QDtwv�v

��yQ�DN�U wv�v QO �yR�oCW��v��R�UpOt 
�

�v� Qm

OQwt l � Sw rw � � �� y t �U w v� v �L�Q� 
�

�rwmrt l�vwQDmr� QO xO�iDU�

�D��U�Ltl� R�i ��QDmO �WRwt� �xt�vQ� �

	xQwO ���B Q� �xOmWywSB ��yD�r�ai R� Qo�O �m�
�Qw�vi w swra x � �w � Qt ��yxDWQ QO $�QDmO
�r�a VRwt� VQDUo ��QwW 
CU� wv�v T��kt
T�U	� D � � OwN ��������� MQwt 	xUrH QO
Ck i�wt �� D� �U�Lt l � R � i QO $�Q D mO 	xQwO
� D��U�Lt l � R�i 	xDWQ 
OQw� ptax � �a�k
p�oJ 	xO�t l� R�i QO wv�v swra ��yD�r�ai QwLt
u�� QO $�QDmO 	xQwO ���B Q� w OyO�t p�mWD �Q
w QwWm QO w v� v swra VQDUo w OWQ x � xN�W
ltm �OH Qw�x� XYNDt ��ywQ�v C�� QD
�Uw D x m xQwO u �� �OwQw uwtR� 
OQ m Oy�wN
x�tu��� QO OW Oy�wN sqa� �atH ��yxv�UQ


CiQ�PB Oy�wN s�Hv� ����

Q� R KQW x� xQwO u�� u�oOWxDiQ�PB �t�U�
�CU�

�wiY C�O�UuULt  

�v�at �ra  

R� Q�Du��H�v hUw�  

uRwv C�O�UxQyR  

�Q�Hp�U x�tQyt��OD�� R� u�oOWxDiQ�PBu��
R�e� �DN�vW swra xOmWywSB QO �Q OwN p�YLD


OQm Ovy�wN

QDw�Bt�m swra �xOmWywSB
C�r�ai xm CU� �OvJ QDw�Bt�m swra 	xOmWywSB

CU� xOQm R�e� x�v�tQi u�tDN�U QO �Q OwN
��yxm�W w �ytDU�U� �WywSB xwQo wO uwvm �sy
�L�Q� w p�rLD� w ��a� RwD w �R�wt VR�OQB
xOmWywSB QO �Q OwN C�r�ai ��� QU ��yxm�W


Ov�xOQm R�e�
�rm C�aq�� pt�W xOmWywSB ��tvQ�D ��Q�N�
�� xOmWywSB ���WywSB �Q�mty���QW w Oa�wk w
xOW �R�Ov�x�Q http���cs�ipm�ac�ir TQO�


CU�

wv�v swra �xOmWywSB

x�oWywSB QO wv�v swra T�U	�Dr�O�OH 	xOmWywSB
�Q�H p�U x� tu �OQwQ i R� �O� � v � �� yW v�O
QN�w� R� w OQ m R� e� �� tUQ �Q OwN C� r� a i
x�oWywS B O �OH u�t DN�U QO x�tCWy� �OQ�
w v� v sw ra 	xOmWywS B 
OW Qk DUt x� v�tQi QO
	x v � tR QO �Q ��xOQ D U o �WywS B ��yx t� vQ �
��yy�oDUO QO �yQ�DN�Uwv�v �UQQ� w �L�Q�
u� wOD �C�Ot�H ��yDr�L�CNU w ��DU� R�sQv
�yv� hOy xm ��yWywSB u�� 	x�rm 
 CU� xOwtv
w u�tR�U 	x v �tR QO �O� � v � �� yW v�O O�H ��
	xN�W QO xO�iDU� OQwt ��yQ�DN�Uwv�v OQmrta
�OOa �R�UpOt j � Q� R� �CU� �Qw� viw v� v
xO� i DU� � � Q Dw � Bt� m x � x DU ��w �R�Ux � �W w
�Q�t� l� v�mt 	xDiQW� B Q� �U � ��yx � Q� v R�
T� ��yy�oDUO �twDv�wm l�v�mt w l�Uqm


OQ�PB�t s�Hv� ��xQP

�QwB�rk �ra
A tree�based emotional learning al�

gorithm in the prediction of salar ac�

tivity�

sw ra x�oW v�O � � �Q�mty O�OQ�Q k O ka �

�DWy� O�yW �mWRB

x�oWywSB u�� �O�OQ�Qk ���� p�U x�tO�OQN QO
O�yW �mWRB swra x�oWv�O w �O��v� ��yWv�O
�WywSB OL�w O�H�� QO �Q�mty Qw�vtx� �DWy�
�D�k�kLD x�oW��tR� GvB �� �DN�vW swra w Ret


O�UQ ��t� x�

�Q D mO u� � wHW v�O �O�OQ�Qk u �� T�U� Q �
CLD Ovv�wD�t x�oWywSB �DN�vW��Ya� swra
R� VywS B s�H v� ��Q � �mDU� Q D mO � ��t vy�Q
xO�iDU� �yy�oW��tR� u �� C�R�yHD w C� v�mt�


Ovvm

sw ra �YYN D �Q DmO uwtR� �xH� D v �
�DN�vW��Ya�

RwQ QO ��Ya� swra �QDmO uwtR� 	xQwO u�twO
x�oWywSB QO ���� p�U x�tCWy��OQ� � xatH
Qy'R�Oa� w K�Y C� wv wO QO �O��v� ��yWv�O


OW Q�RoQ�

w �CN�vW w Ret� VN� x� �w� Qt u�LDt�
u�LDt� w K�Y C� wv QO �U�rov� u�� R u�LDt�
C� wv QO ��awvYt Vwy w Vv���Q� VN�


O�OQo Q�RoQ� RwQ u�ty Qy'R�Oa�

uwtR� R� xQwO u�� u�oOvvm s�vC�F pm O�OaD
��� �xOvvmCmQW O�OaD u�� u�� R� 
OvOw� Qiv ��
��� w x��B swra R� �� �TOvyt ��� �lWRB


OvOw� �yxDWQ Q��U R�

��Q�O xm Qiv �� ��Dm u�LDt� �Q�RoQ� R�TB
CmQW ��Q� OvOw� ��Dm u�LDt� QO xQtv u� QDq��
� O�OaD u�� u�� R� w OvOW CwaO x�L�Yt QO
��Dm C�Qtv w �y�iW 	x�L�Yt G��Dv T�U�Q� Qiv
Vwy w Vv���Q� w �CN�vW w Ret� uwtR� QO

OvO�OQo ��NDv� u�LDt� 	xD�tm�UwD ��awvYt

s



�� ���� Q�y�
a

CWPo ��
� Q�y� QO xJv�
��v�Qta uULt

�a�wt j� QRD

�K�DiQ�t ��QOtLt

�Q�oO�� QO u�UtyQ�e ��yrt�a �Q�mty

�QwB Q�t VwQwm
The time course of visual process�

ing�

��Ya� swra QO �FL��t �oDiy C�UrH �

���� u�DU��D �D ���� Q�y�
�� �� Ca�U QO �yx�vW xDiy Qy C�UrH u��
�O��v� ��yWv�O x�oWywSB C�a�tDH� Qq�D QO


O�OQo Q�RoQ�
��y�v�QvNU u� w�va w u�v�QvNU

sw ra x�oW v�O w x�oWywS B �� v�Qta uULt
�u�QyD �mWRB

� The report of lab visit in Uni�

versity of Toronto�

� How the DBS works�

� Motor planning�

�mWRB swra x�oWv�O w x�oWywSB ��t�Qy� QO�y�
�u�QyD

Flash lag e�ect� New debates�

�u�Q�� �mWRB swra w x�oWywSB �Qyt�H�Q ��Q

� Neuronal correlates of visual

perception in V��

� The correlation of the neural

activity in V� cortex with the

conscious perception�

�mWRB swra x�oWv�O w x�oWywSB �u�� Q�m �B ��wB
��DWy� O�yW

� Basal ganglia and Parkinson
s

disease��� and �	��

� Spike train analysis�

On the tachyon action from string

theory �

�u�QyD x�oWv�O �Qiv�wD ��Q�ra
Gauged motion and dimension �al�

reduction�

�x�oWywSB ��Jxe�Qt RwQy�
Electrostatics waves in beam frame�

�DN�vW swra �xOmWywSB

�DN�vW��Ya� swra �oDiy Q�v�tU �

���� u�DU��D �D ���� Q�y�
�Uw D �DN�vW��Ya� swra �oDiy Q�v�tU
swra 	xOmWywSB QO �DN�vW��Ya� swra 	xDUy


OwW�t Q�RoQ� x�vWHvB Qy �DN�vW
��y�v�QvNU u� w�va w u�v�QvNU

�R�Qi� ��QO�U
Spatial resolution of attentional se�

lection�

��QO�k RwQ�i

Twtq�D R� C�F
��Q� Rw s� Qt

Temporal resolution of attention�

��O���� V�Dm�

RTN �R�U pOt
�jWaQw�Ut QLU


�Q�oO�� QO �Q�mty QO �oQ�N x�L�v Vkv
�QYv u�y�W

A modeling approach to visual ob�

ject categorization�

�CUwOawv O�Qy�
Corticocortical connections 
 necur�

rent processing�

C��
�� Q �xOmWywSB

�y�v�QvNUlD �

p�QO i �Qw� v i 	x U U	w t �� t � y�Q �� GQw D
��EPFL�T� wU

JPEG 	��� � A new framework for

image compression and processing�

��m� Qt� �uwDUv� QB x�oWv�O ��Q�NDi� u�t��
Almost complex structures� Gromov�

Witten invariants and quantum co�

homology�

l� R�i �xOmWywSB

�twta Q�v�tU �

�u�DUwOvy �IUCAA x�oWv�O �u��H�L Q�t�
WMAP and the shape of the Uni�

verse�I�� �II��

	x��B swra �r�tmD Cq�YLD RmQt ��rwUQ QO�v
�u�HvR

Thermal di�usion�

���r�D�� ��R�B x�oWv�O ��Ow�O uty�
Analytic theory of ground state

properties of a three�dimensional

electron gas at varing spin polariza�

tion�

�u�H��� QP� �wm �� x�oWv�O �hOtLt u�y�W
Motion of colored particle in chro�

momagnetic �eld�

�y�v�QvNUlD �

x�oWywSB ��UwQo ��QOtLt

s



�� �B��B 	xQ�tW ��
a

Representation of visual motion in

the extrastriate visual cortex�

�mWRB swra x�oWv�O w x�oWywSB ��t�Qy� QO�y�
�u�QyD

Electrophysiological markers of at�

tention� awareness and implicit

change�

sw ra x�oW v�O w x�oWywS B ��OwvWwN �t� v
�u�QyD �mWRB

� The principles of the cerebellar

structure and function�

� Working memory�

�mWRB swrax�oWv�O w x�oWywSB ����Oka�Oyt
�u�QyD

swra x�oWv�O w x�oWywSB ��Q�UywmQYDvtq�r
�u�Q�� �mWRB

Spatial attention improves perfor�

mance in spatial resolution tasks�

sw ra x�oW v�O w x�oWywS B ��O� �� � V� Dm �
�u�QyD �mWRB

Current debates on orientation se�

lectivity in V��

s



�� ���� Q�y�
a

��
� Q�y� QO x�oWywSB waOt u�v�ty�t
x�oO�O �D��U�Lt x�HwD��Q�ovRtQ �xQ�� QO x�oO�O wO uOQm Q�oR�U �

��QwY
�Reconciling Two Views of Cryptography�The

Computational Soundness of Formal Encryp�

tion��

x�oWywSB �CWy��OQ� ��


CU� xDiQo pmW �RHt 	xat�H wO QO �yr�U�� �Q�ovRtQ QO R��tDt x�oO�O wO
��k�vt �� �Q�H �qwtat��QwY �wJQ�J Q� �vD�t �yy�oO�O u�� R� �m�
�wU�t �D��U�Lt pOt Q� �vD�t Qo�O x�oO�O 
CUy R�v QF	wt w xO�U xmCU�
�� x�oO�O u�� 
OwW�t �wLrt u� QO R�v p�tDL� w �oO�J�B xm CU� j�kO w
�OQ�O O�kDa� swO OQm� wQ x� OwN xm u�QvNU 
Ovm�t �O�B ���DQ� �ak�w ���vO
OQm� wQ ��Q� �D��U�Lt �y�HwD 	x
�Q� �� w OvR� x�oO�O wO u�� u�� �rB O�Wwm

OyO �� Q sy x� �Q �yv� w Oy�m� x�oO�O wO hqDN� R� ��Q�ovRtQ x� �QwY

�� yO�OQ�Q k �L�Q� ��Q � �Q�R �� u�w va x � Q �P BC� � F� C�v t� �
�Q�ovRtQ�rta

�Provable Security as a Tool for Designing Prac�

tical Cryptographic Protocols�

Q��mQ�t� �DavY x�oWv�O �CWy��OQ� �	 ��� ��


OQm� wQ K� QWD x� u�QvNU �OW Q�RoQ� xUrH xU QO xm ��v�QvNU xDWQ u�� QO
�Q�v �FL�t �OD�� xm OQm� wQ u�� 
CN�OQB �Q�ovRtQ x� Q�PBC��F� C�vt�
�rta ��ym�vmD p�rLD w �L�Q� QO �U�U� �Q�R�� x� p�O�D uwvm � �Ow�
CUO �Q�R�� x� xvwoJ xm O�O K��wD xrtH R� u�QvNU 
CU� xOW xv�Q�ovRtQ
xJv� R� QDW�� �v�v�t�� w ���Q�m ����Q �Q�ovRtQ ��yO�OQ�Qk O�H�� xm s��xDi��
uO�O u�Wv Qw�vt x� �w 
Ovm�t p�yUD �Ovvm�t sy�Qi xOa�k�� ��y�L�Q�
O�rm ��Lt QO u� Cr�Y� j�OYD w s��B �ov�tQLt R� �OQm� wQ u�� ��yxO��


OQm xO�iDU� uQ�kDt

l� R�i xOmWywSB u�v�ty�t

x�� Qo pB u�S w x�tl� COtx� �� x�tO�OQN �� M� Q�D R� xU� wwO TwQwOw�D
l� R�i xOmWywSB u�v�ty�t ��� x�tQ�D �� �r� �� x�tO�OQN �� M� Q�D R�


OvDUy uQ�U 	xSwQB u�Q�mty O�Qi� u�� 
OvOw�

xOw� �� Q�y� QO l� R�i xOmWywSB u�ty�t Qo�O R�v hOtLt u�y�W

CU�

C��
�� Q �xOmWywSB u�ty�t

��w��n �Q A�r�i

Phillip���w��n �Q A�r�i QwUiQ B
QO ��vQi�r�m x�oWv�O R� �Rogaway
	xOmWywSB u�ty�t xDiy wO �T� w�O
x� oW v�O w x� oWywS B C� ��� � Q
pw� QO �w 
Ow� Q��mQ�t� �DavY
QO �v�QvNU wO u�Q�� QO OwN Ct�k�
	xQwO l � w C� ��� � Q 	xOmWywS B
QO COt x�Dwm ��WywSB ��WRwt�

u� w�va 
OQm Q�RoQ� Q��mQ�t� �DavY x�oWv�O QDw�Bt�m �UOvyt 	xOmWv�O

CU� xOt� Q� R QO �yv� 	xQ�� QO �D�L��wD w u�W�� ��y�v�QvNU

�Q�ovRtQ QO Q�PBC��F� C�vt� EL�t Q� �r�tH� �Q�v �
�A Glimpse of Provable�Security Cryptography�

x�oWywSB �CWy��OQ� 
�

Q� �vD�t w xr�U CU�� �Wv�O xJQo �Q�ovRtQ QO Q�PBC��F� C�vt� EL�t

OwQ�t Q�tWx� R�t�Q�QU� �FL�t Rwvy �rw �CU� j�kO C�H�DvDU� wh� Q�aD

xm Ow� ���yxO�� u� QD	r�H R� ��a� 	xQ�� QO EL� ��v�QvNU u�� hOy
�Q�ovRtQ Q� �vD�t ��oO�J�B 	x� Q�v w �Q�ovRtQ x� Q�PBC��F�C�vt� OQm� wQ R�
�� xv�tR u�� QO �Q G��Dv u� QDO�OH Oy�wN� xmv� uwO� u�QvNU 
CU� xOQw�Q� QU
CN�OQB ��xv�tR w �wJQ�J h�YwD x� �Ovm K� QWD �Q VOwN ��yOQw�DUO


CUw� ��yQ�m 	xtWJQU xm

s



�� �B��B 	xQ�tW ��
a

� �

� �

QiU �xR�ov�
u�Q�� x� ��w��n �Q QiU VQ�Ro R�

	xDWQ u�Q�mty R� uD wO 
Ow�v �Q�wWO Q�m QiU u�� lQ�OD 
sDiQ QwWm u� x� s�Hv�QU �sDW�O QU QO �Q u�Q�� x� QiU 	xW�Ov� xm �yr�U R� TB ���� xt x�t QO
l��� QDmO w �IPM��O��v� ��yWv�O x�oWywSB R� �y�WwQUN ��Qtqe QDmO w ut u�� �v���v �wiY xv�L� Q QDmO w �yrr�QmW u�t� QDmO �ut �YYND


sOW CwaO u�Q�� x� xUU	wt wO u�� QO �v�QvNU ��Q� xDiy ��� COt x� ut w OvOQm Q�QkQ� ���DQ� �AUT�Q��mQ�t� �DavY x�oWv�O R� u��kO�Y
CU�� 
sDW�O R�v �YNW ��yxR�ov� �u� Q� xwqa �t� 
Ow� Oy�wN O�it �Hv� u�QoWywSB w u�� wHWv�O ��Q� ut ��yUQO w �y�v�QvNU xm Ow� u�� sQwYD
x� CyH u�ty x� 
Ow� xOQwN xQo �yv� R� �m� �� �yDOt s�oOvR w sDN�vW�t �Q �m� Qt� s�kt u��v�Q�� R� ��a� 
sOw� w�mHvm u�Q�� x� C�Uv xm Ow� p�U
R� �Q��U� u��t QO G��Q 	xO�ka 
OvOw� hr�Nt QiU u�� �� sORt�v w QO�t 
sOQ� O�� R� �yOa� sDiQo O�� xm �Q xJv� �QDW�� OvJ Qy �sDN�OQB �UQ�i u�� R �Q�oO��
�yiQL u�� xm sDUv�O�t ut 
CU� CQiv R� p�tq�t u�WvyP xm ��yPt u��YaDt R� wrtt CU� �QwWm �CU� �m �vQ�N ��H u�Q�� xm CU� u�� sv�v�wsy
�RwQi� nvH lQ�OD QO �m� Qt� 	xOLDt Cq��� QwytH T�
Q w Ow� xDN�Ov� x�Q xk�vt ��yQwWm x�ra �O�OW ��ir nvH sQwWm �xwqax� 
CU� ptyt
QO �uq� u�ty Qo � xm sDio OwN �� 
Owtv�t lL�t ut Q�v x� xm Ow� xO�t�v CQ�QW QwLt �Ow� �yv� R� �m� sy u�Q�� xm ��Q u�yH CQOk sm QwWm xU �OwN


OvDU�v CU�vwwW w �x�o ��v �QoW�NQB �u����m� Qt� 	xty xm Ov�UQ sy�wN u��v�Q�� x� �Q s��B u�� �swQ� u�Q�� x� �xk�vt u�QL� 	xLw�L�








��yy�oWv�O QO 	re� 
OvDUy ��m� Qt� �QDW����B wQ� �� �m� Qt� 	xOQmr�YLD �tra C	��y ���a� 	xty ���� QkD �Q��mQ�t� x�oWv�O w �O��v� ��yWv�O x�oWywSB QO
�v�� wHWv�O 
OvQ�O �� wN �Qmi w �tra 	xk
�P w �OvyO�t X�NWD �Q O� Q�m w �wN Q�m u�� jQi �CU� xvwoJ VywSB Q�m Ovv�O�t 
Ov�xOQm p�YLD �� wN


OvOQm �t KQ�t �k�ta Cq�	wU w OvOw� xOv�wN �Qt ��yxr�kt p�k R� 
OvOw� �Q�oO�� j�DWt xO�ar�jwi �sO�O TQO �yv� x� xm

������

l� x� �Q u� xm�u�QyD QO �oOvv�Q RQ� �u��v�Q�� �DUwOnvyQi 	xQ�� QO R�v �Q �Qo�O OOaDt C�mv �u�Q�� x� VQiU R� OwN ��xLiY � VQ�Ro QO ��w��n �Q

CU� xOQm KQ�t Qo�O �U��U w �a�tDH� p
�Ut w u�vR ��w u�vJty w �&Ovm�t x��WD �� w
O� w �R��


O���tv uO�O http���www�ipm�ac�irTQO� QO x�oWywSB �DvQDv�� x�o��B R�

s


