
�OQtU xQOv�

���� p�� �xR	�H �xOvQ�

Q�m � � �� DQt ��yxDWQ QO �rrt r�u� � Q�Dat R ��wH u�oO vQ � �iQat x � xQ�tW u �� R� Q� �N� �x � QW v
u�QwW v�O u �� ��WywQ B OQw� DUO � � Q�YDN� x � xOv v�wN �� r��t xDWQ u �� QO 	OR�OQ B�t x�oWywS B
	s��xO�OX�YDN� ��OQtU xQOv� �u
 p�Ut� �xOvQ� wp�
 Q�Dat���� Q �xR��H x� �Q�r�tu�rw� 	OW Oy�wN �vW


p�Ot �� p��kD QO w p�wv R��wH �� xU��kt p��k ��Lr u�� R� w ��m� Qt
 QqO
� rw OW�� C����� Q QO Q�NDi� u�Wv u� QDQ�Dat O��W xm CU� ROr�i
Qo �O Cw� i D 	CU� v QDW� � �O� v�m QqO 
���� OwOL R� u
 �Ok v xHw
Q� R� u�wH �xDUHQ� u�v�O���� Q x� ROr�i p�Ot xm CU� u
 xR��H wO u��
�xR��H �rw OW�� �Oa� C�k�kLD QO u�v
 jwWt �D OwW�t xO�O �p�U pyJ
xOW xO�O u�W�Q�m �xQwO QN�w� QO Q�mxvym �v�v�O���� Q x� uwvm �D p�


	CU�

T�vWQU u�O���� Q GvB R� �mQt ��xD�tm �x�YwD x� p�
 �xR��H �xOvQ�
wO ��Q� SwQv u�DUovyQi �Q xD�tm u�� 	OwW�t xO� RoQ� �yORt�v u��t R�
wrU� x�oWv�O QO �tU�Qt �� SwQv x�WO�B �Q xR��H 	Ovm�t ��NDv� p�U
R� Ov�xOw� CQ��a p�
 �xR��H �r�k ��yxQwO u�oOvQ� 	Ovm�t �Oy� xOvQ� x�
Tmr QD�B ������� Qov�U QwO�R�� w ��D� pm��t ������� QU Q�B u�S
uUt�D u�H ������� u�O�Q�w 	Q
 	T� ������� uUrQ�m CQ�vr �������
w ����
�� C�D u�H ������� hwtwQo p���N�t ������� TD�D l �S w

	���

� Qvr�t u�H

� � � � ��

QO SwQ v C� � �O� w sw ra u� DUovyQ i
��xvq�U �rrtr�u�� �xR��H ���� p�U
s y t �� yOQw� DUO R� � v�OQO k ��Q �
�Q Q�m u�� R� hOy w OQm Q�QkQ� ���� Q
��tDH� QO C����� Q CrRvt ��kDQ��
x� u�v�wH �xkqa w xHwD uDN�ov�Q� w
s�v xm xR��H u�� 	Owtv sqa� �xDWQ u��
l� Qvy Tr�v �SwQv nQR� u�O���� Q
R� OQ�O Ow�NQ� �Q �
����
���� p�

	CU� xOW ��a� xDUHQ� u�O���� Q wO �� l� x� p�U Qy ���� p�U
�SwQv nQR� u�O���� Q �r TwiwU Q�� u�DUNv �Q p�
 �xR��H T�U��D Qmi
�p�
 s�v CW�OoQR� Q� xwqa �w� �xR�ov� 	OQm KQ�t syORwv uQk QN�w� QO
�xawtHt QO uwJ Ow� C����� Q ��Q� p�wv �xR��H x��W ��xR��H X�YND
x� �Qmi u�� 	Ow� xOWv xDiQo Q	v QO C����� Q ��Q� ���H p�wv R��wH
OrwD OQor�U u�tDU� wO QO SwQv CrwO xmv
 �D Ot��v QO �QH� x� ��r�qO
xR��H u�� ���a� ��Q� SwQv uwQm uw�r�t ��� �x��tQU �� �O��v� �p�

uw�r�tl� ���� QkD pO�at �SwQv uwQm uw�r�t � p�
 �xR��H dr�t 	OQmT�U��D

�� ���� Q�y�



�CU� xO�t�Hv� h�Qo ��yOL �x� Q�v x� w xOQmltm �property testing�
Q� VQ�F��D R� xDWPo �OQtU �x��k �Ow� x�Q QO sy �Qo�O ��y�DioW
nQ�vDUQwi pr�y VN�s�yr� �O�Oa� �atH �x� Q�v w xDUUo C����� Q
�Ow� O�OH C�yH QO l�OwoQ� �x� Q�v �xaUwD QO �Hillel Furstenberg�
Multiple Recurrence� xv�oOvJ CWoR�� �x��k C��F� �� nQ�vDUQwi
OQm x	�Q� �OQtU �x��k R� �O�OH C��F� �l�OwoQ� �x� Q�v QO �Theorem
�x� Q�v w xDUUo C����� Q p	�Ut u�� ��xQ�DvtQ�e 
��DQ� �j� Q� u�� R� w
OOaDt ��yCiQW�B x� �O��v� 
��DQ� u�� �Owtv Q�QkQ� �m�t�v�O ��ysDU�U
pw� �� ���yOa�YD O� wo�t xm w	�D
u� Qo �x��k p��k R� �O�t�Hv� �Qo�O
x��k u�ty Q��N x� xrtH R� �Tao� w	�D �OQ�O OwHw pw� O�Oa� R� x�wNrO
j�ta ��yOQw�DUO �Q��U� �OQtU �OW ROr�i p�Ot �xOvQ� ���� p�U QO
�CU� xDW�O QDw�Bt�m swra QO w xDUUo C����� Q QO R�v Qo�O Q�PoQ�F��D w
Q DwQ D
�OQtU �x��k x � u�w D�t xDUUo C���� � Q QO �y v� ��yx vwt v R�
�� D �� �Q�mty � � xm �iO�Y Dxt� v VwQ ��wkw �xUOvy QO �Trotter�
�Q�rY�L
�wtHt �x��k �xOQm ��O�� �Koml�os� Vwrtwm w �Ajtai�
xQ�W� �Gowers� RQw�o
�OQtU
�Balog� nwr�� sr w ��OQtU
VwOQ�
�R�U� DQt �xm�W R� O v�CQ��a Q Dw�Bt�m swra QO �y v� ��yx vwt v w OQm
w ��OQtU
Vwrtwm
utOQi �R�UxO�mJ KQ� ��OQtU
Vwrtwm
��D ��

�Ovm�t l�miD sy R� �Q �v��aD�v w �v��aD �	N u�tR xm �tyt �x��k
pL QO Q�Ht OvtwQ�v CvU R� ��xvwtv �C����� Q x� �OQtU OQm� wQ
O�OH ��yji� ��WoyQ w� ��yQ�m �Q�v Q�F��D �p�L u�a QO w CU� xr
Ut
�OQtU OQw�DUO ��Q��aD x� �CU� xOw� 

 X�N ��yxr
Ut R� QD�Qi 


w OvQ�DN�U ��Q�O ��iO�YD C��e� ���ysDU�U �DL xm OyO�t u�Wv
�OvDUy �tyt �iO�YD ��yx�vH OH�w R�v OvtQ�DN�U Q��U� ��ysDU�U

u�DUovyQi x� xDU��w ��vQ OQir� ���� Q �wD�DUv� w�a �OQtU xQOv�
�w �CU�m� Qt� �RQoD�Q x�oWv�O QO QDw�Bt�m swra O�DU� w �u�DUQ�Ht swra
w ����UL C����mQD ��Q�v QDw�Bt�m swra QO �WywSB �xr�kt ��� R� V��
u�DUovyQi QO C� w�a Q� xwqa �OQtU �CU� xDWwv xDUUo �xUOvy
�tra R��wH w CUy R�v �m� Qt� swra u�DUovyQi w�a �u�DUQ�Ht swra
�xR��H w �m� Qt� ���� Q utHv� R� p�DU� syt �xR��H xrtH R� ��OOaDt
Ci�� QO ����� p�U QO wO Qy� �Q C����� Q QO O	wU swra u�DUovyQi
OrwDt �u�DUQ�Ht CND��B �CUB�Ow� QO ���� p�U QO �w �CU� xOQm
QO OWQ� �U�vWQ�m �xHQO Ci�� QO �D �Q OwN �y�oWv�O Cq�YLD �xOW
x�oWv�O QO �Q �QDmO �xHQO w xOv�QPo u�DUQ�Ht u�Qwr VwwDw� x�oWv�O
R� �OQtU �CU� xDiQo hwQat u�O���� Q Ov�iro p���QR�� Q�v Q� R wmUt
RQoD�Q xQNq�� w wo �m�W ��� wvH ���vQi�r�m ��yx�oWv�O QO ���� p�U

�CU� xOw� Q�m pweWt �uwvm �D ���� R��
�Q�v ��yx�vH ��v�DU��D �xUQOt� QO ���� x�tQ�D QO �OQtU xQOv�
�OW Q�RoQ � u�Qy D QO �O��v � ��yV v�O x�oWywS B QO xm �Q Dw�Bt�m swra

�OQm �v�QvNU w CmQW

�p�� �xR��H x�o�w �
�vt

�OQtU xQO v� x � �Q ���� p �� �xR ��H SwQ v C� � �O� w swra u� DUovyQi
p�rO �OQm �Oy� ���m� Qt�
�v�DUQ�Ht u�O���� Q �Endre Szemer�edi�
�QDw�Bt�m swra w xDUUo C����� Q QO w� �O��v� ��yOQw�DUO� �xR��H ��Oy�
�x� Q�v w O�Oa� �atH �x� Q�v QO �yOQw�DUO u�� Q�oOv�t w j�ta Q�F��D w

�CU� xOW QmP �l�OwoQ�
��yxr��vO ��yh�Qo p��k R� ���yQ�DN�U �xar�	t �xDUUo C����� Q
u�� x� 
w� Qt �C����� Q �CU� �UOvy ��y�Ov� Qm�B w ��yCWo��H
�OyO�t p�mWD �Q C�aq�� �x� Q�v w �Q�v QDw�Bt�m swra ��v�t �yQ�DN�U
�x� Q�v ��yQ�R�� R� xO�iDU� �� u�wD�t �QCvQDv��p��k R�����DQ� ��yxm�W�qFt
�oDU��w �Q�m �D��U�Lt ��ysD� Qwor� �L�Q� w �OQm p�rLD wh�YwD h�Qo
�O���t CUO x� xDUUo C����� Q R� xm OQ�O �Wv�� w C�aq�� x� �U�U�
R� �Q��U� R� �tyt �RH xDUUo ��yQ�DN�U u�� �D����mQD �Vv�O u�vJty
�CU� xUOvy w �Q�H �p�tDL� �O�Oa� �x� Q�v xrtH R� �ZLtC����� QEL��t
pL w xR�D w xv�OvtWwy Q��U� ��yl�vmD �iQat �� �OQtU xQOv�
uwoQoO �Q xDUUo C����� Q �EL�t u�� �U�U� ��yxr
Ut R� �Q��U�
�x� Q�v uwJty �FL��t �� C����mQD j�ta ���wQ hWm �� �w �CU� xDN�U
�rk QO �Q C����mQD Vv�O �QDw�Bt�m swra w �l�OwoQ� �x� Q�v �O�Oa� �atH

�CU� xO�O ��H C����� Q
u�QwD
VwOQ� TOL C��F� �� �OQtU xm Ow� ���� p�U QO Q�� u�DUNv
�x��k� uwvm � xm TOL u�� �CN�ov�Q� �Q u�v�O���� Q R� �Q��U� xHwD
�� K�LY O�Oa� R� xawtHt Qy QO xm CU� �m �L OwW�t xO�t�v ��OQtU
�OvQ�O OwHw x�wNrO pw� x� ���UL ��yOa�YD ��QiY�v� C�Ft ��r�oJ
x� ���yOa�YD OQwt QO �DL TOL C��F� uwJ Ow� �R�DioW �C��F� u��
wO u�� u�oOvvm C��F�� Ow� xOW QU�t �O�� R Q��U� VqD �� � w � pw�
��OvOw� �OQtU �OwN w �Klaus Roth� EwQ Twqm ��DQD x� �Cr�L

O�Otrk�D����mQD pqODU� Q�my�W xm Ow� w� C��F� VwQ �QDoQR��DioW �t�
�CiQo Q�Qk xHwD OQwt xrY�iq� u� �xO�ar�jwi C�ty� w jta w CU� xOW
�Regularity Lemma� s�v sr uwvm � xm C��F� u�� QO �U�U� s�o l�
u�� �CU� nQR� ��yh�Qo �Q�DN�U �Ov�xk�� �OwW�t xO�t�v �OQtU
sw ra QO R � v w h�Q o �x � Q� v QO �U�U� �Q�R �� CQwY x � G � QO D x � s r
�oS� w uOwtR� QO �tyt p	�Ut pL x� w CU� xOt� QO �Q�v QDw�Bt�m

�� �B��B �xQ�tW ��

Administrator
Rectangle

Administrator
Rectangle




