
u�� R VR�OQB �u�W�t �Q�oO�� ��Q�ov RtQ ��yr�vo�U VR�OQB �Q�DioX�NWD
�Q�ovRtQ �Q�t� ��QDw�Bt�m l�i�Qo ��QDw�Bt�m ���v�� ��w�m xO�O ��a���
QO u�O���� Q Qiv OvJ xmv�� u�tND 	OQ�o�t s�Hv� �k���D ��ytDU�U w
$CU�v h� QaD VwN VUQB u�� �Q� R CU� Q�wWO Ovvm�t Q�m Ci�UwQm��t
xm Ovvm C��F� �Q ������k CU� umtt u�v�OQ�t� �� u�YYNDt p�Ft u�wvax�
u�v�t�� �� 	Ovvmv ���N u�O���� Q �Q OwN �t� OvQ�O ���� Q C�ty� ��D�P
�D����� Q R� Ovvm�t Q�m QmPr� jwi ��yywQo QO xm �O�Qi� QFm � xmCio u�wD�t
�yv� R� �Q��U� xm Cio u�wD�t R�� w Ovvm�t xO�iDU� smLDUt w x��t QB
C����� Q ��yOQ� Q�m �� C����� Q QO �O�OH ��yWwQ uOQw� CUO x� ��Q�
lQOt �� Ovv�O�t u�O���� Q pY� QO �Q OwN sy �tm �xOa w Ovvm�t Q�m
�D�k�kLD ��yxv�tR u�� s�tD OQwt QO O���t �B QO xJv� 	OvQ�O ���� Q

	�Q�v xwQo �ki xv w CU�

OQm�t u�Qov CavY VN� QO Q�m ����kD s�ovy �Qt R�J Qy R� V�� xJv�
h�r�D w Q�WDv� Q� ���yD�OwOLt xJ xmv�� �va� �Ow� �wvat C�mr�t w jwkL
u�� x� uOQ� �B �� �rw 	OQ�O OwHw CmQW R� GQ�N O�Qi� �� ���DQ� �� w Q�F�
CQ��v xvwoI�yCi�UwQm��t C�k�kLD RmQt ��yywQo R�l� I�y QO xm xDmv
R� GQ�N �� ���wQ QO pwkat Q�e ��yD�OwOLt �� w Q�WDv� R� V�B �UQQ� w

	sDi�� Vt�Q� �OQ�Ov OwHw CmQW R�
�yv� OQwt QO O�Qi� xm �D�aw�wt QO �Q�mW� ��yD�OwOLt Qo�O CQ��ax�
Q�QU� p�Ft u�wvax�� OQ�O OwHw Ovvm EL� Ovv�wD�t �y�oWv�O u�Q�mty ��
CQwY �yv� ��Wi� OQwt QO �ki�wD xm O�rwD ��yxt�vQ� w �yxWkv �� �Q�HD
Q�e �yD�OwOLt u�� xm �Q �OQwt I�y �t� �OvDU�v EL� p��k OW�� xDiQov

	sQ�Ov d�QU OvW�� xv�O�DUt �� �k�vt

	OW�tv s�Hv� ���� Q j�kLD I�y ���� QkD Q�Ri�sQv CavY QO V�B p�U ��
R� �Q��U� xm OUQ�t Q�vx� �t� �CU� xOW pwLD Q�JO Qt� u�� xRwQt�
uOv�QPo R� TB ut �Q��L p�L QO 	OvW��v x�o � u� R� ZLt u�v�O���� Q
�QDmOCU"B xQwO uOv�QPo p�L QO x�oWv�O QO ZLt C����� Q �QDmO
xm OwW�tv p�rO �w�wt u�� xJQo 	sDUy Ci�UwQm��t C�k�kLD RmQt QO
QO ut C�L��wD sQ�wO�t� �t� �sW�� CavY QO C����� Q OQ� Q�m XYNDt

	OW�� O�it w�mHvm u�v�O���� Q ��Q� �Ci�UwQm��t QO C����� Q OQwt
xm CU� Ci�UwQm��t R� ��xN�W �MSR� Ci�UwQm��t C�k�kLD RmQt
�� C�k�kLD u�� 	CU� xDi�� X�YDN� C�k�kLD x� pwYLt O�rwD ��Hx�
%OvUQ�t Q�vx� ���DQ� QO xOv�� ���rai C�O�rwD �� xm OvQ�O Q�mwQU�D�aw�wt
RmQt 	OQ�o�t CQwY x��B C�k�kLD R� R�v �R�ov�CioW �v���DWB �p�L u�� ��
Ci�UwQm��t �x�wLt ��yDv� QO u�tDN�U wO QO ��DOtaCi�UwQm��t C�k�kLD
QO R�v �QDmJwm ��yywQo Ci�UwQm��t� CU� QkDUt uDovW�w OvwtOQ QO
Q�mx� pweWt Qiv ��� OwOL uwvm � sy RmQt u�� QO 	�OQ�O u�J w u�DUrov�
OvJ x� u�kkLt u�� ��DavY C�k�kLD ��yy�oW��tR� QDW�� Ovv�t 	OvDUy

	OvwW�t s�UkD �YYND �k�kLD xwQo
�yy�oWv�O ���� Q ��yxOmWv�O x� �Q Cy��W u� QDW�� xm �ywQo
�Q OwN �QDmOCU"B�xQwO ut xm CU� �theory group� �Q�v xwQo OQ�O
jkLt O�OaD u�ty x� ���� QkD �C��F w�a Ciy xwQo u�� 	sv�QPo�t u� QO
pk�OL �Hv�� O�Qi� s�tD 	OQ�O COtR�QO �xOvvm O�OR�� R�v �O�OaD w ��QDmOCU"B
�D�k�kLD ��yxv�tR �u� R� Q�viQY �t� OvQ�O �Q�v QDw�Bt�m swra QO �k�qa
�CtUk u�� u�Q�Ot �p�Ft u�wvax� 	Ov��wvDt �R�ov�CioW RQ�x� �Hv�� QO
�xv�tR QO xm OvDUy ���yv�O���� Q�l� R�i �RoQw� u��DU� Qm w T!�J Qi�vH
u� QDiwQat O��W 	Ovvm�t Q�m �x�U�Lt �x� Q�v x� �Q�t� l� R�i Ci��yQ l�
w C����mQD �xv�tR QO xm T�wwr wrUq OvW�� Qiv wO u�� �Q�v xwQo ���a�
VD�k�kLD Q��N x� ROr�i p�Ot �xOvQ� �utO� Qi pm��t w Ovm�t Q�m �ytD� Qwor�
	Ovm�t j�kLD �twDv�wm C��U�Lt QO uwvm � xm ��Oa� Q�yJ �SwrwB wD QO
Ov�CQ��a OQ�O OwHw �yv� x��Y�N xkqa �Q�v xwQo QO xm �Qo�O ��yxv�tR
CUQyi �Q�v xwQo QO ��rm Qw�x� 	p�tDL� �x� Q�v w x�U�Lt �oO�J�B R�
Q� j�kLD ��Q� �Q�Wi w OQ�Ov OwHw �D�k�kLD ��yxt�vQ� R� ��xOW u��aD

	OwW�tv p�ta!� X�N ��yaw�wt �wQ
	OyO�t u�Wv O�kt�v C�k�kLD x� �QCi�UwQm��t OyaD �Q�v xwQoC�r�ai
Ci�UwQm��t C�k�kLD pm QO C����� Q �xOv��tv xHw I�yx� xwQo u�� �t�
QO w Qo�O ��yywQo QO �Hv�� QO ���� Q ��yQ�m s�a� CtUk 	CU�v

Ovv�t ���yxv�tR



CPr CU� sRq Qo�O ��yxDWQ u�YYNDt �� Q�m QO xm s�y�it p�kDv� w
R� �yvD �q�k ut xm �D����� Q Q� �Q �O�OH R�Ov�sWJ Qt� u�� �Q� R �sQ��t
sy Q�vm QO hrDNt ��yxDWQ R� �O�Qi� uOw� 	O��Wo�t sOw� xO�O x� w�R l�
ut �p�Ft u�wvax� 	OW�� R�ov� u�H�y Q��U� u�O���� Q l� ��Q� Ov�wD�t
�yv� OQ� Q�m 	sOw� Ovtxkqa �v� R ��kv ltmx� �yr�QoDv� uOR u�tND x� �yDOt
x� uOt� R� p�k �D �t� 	Ow� xOQm �PH OwN x� �Qt C����mQD w O�Oa� �x� Q�v QO
�rm Qw�x� 	sDUv�O�tv Q�t� QO �Q �yv� C�ty� Ci�UwQm��t C�k�kLD RmQt
OwHw xm OvDUy u�t�t �OvwW�t �tH sy QwO O�Qi� R� �i�m O�OaD �Dkw

	OQm Oy�wN xORDioW �Q �yv� �xty lQDWt �k�qa
ZLt u�v�O���� Q R� ���OH T�UL� CavY QO uOQm Q�m O�Q�� l�
xHw I�yx� �ZLt C����� Q QO� �yxN�W w �yYYND R� �Q��U� �Q� RCU�

	OvQ�Ov �Hv�� QO ��xOv��tv
CU� uDovW�w �xJ�� QO hQ�v� ��k�kO uDovW�w x�oWv�O xv�DN�WwN �t�
R� V�� p�U Qy Ci�UwQm��t �u� Q� xwqa 	OQ�O ���� Q nQR� VN� l� w
O�OR�� u�wvax� �C�k�kLD RmQt pLt� OvwtOQ QO �Q ZLt u�O���� Q OY
l� �p�L Qy x� �t� 	CU� ��Lt ��Uv ��Wv Ea�� u�� w OQ�PB�t xOvvm
��yYYND w �yxDWQ ZQat QO uOw� u�� 
��at w ���Rt u�DU� xO� �wv
QO 	OQ�O OwHw X�N �xDWQ l� OOaDt u�kkLt x� u�U� �UQDUO w uwo �vwo
C�r�ai ��Q� �R�ov� u�H�y ��H �Q Ci�UwQm��t C�k�kLD RmQt ut �wtHt
�CU� xOQm R�e� �Q OwN dwr� u�QwO Q�Ri� sQvCavY xm xRwQt� 	s�xDi�� ���� Q
�� �DvU !�OQ� Q�m C����� Q R� GQ�N ��yxv�tR QO �Q��U� syt ��yxr��Ut
����� R C����� Q 	OvQ�O OwHw �� �DvU !�OQ� Q�m C����� Q p��Ut ��Bx��B
MSR w OwW�t Q�O�OB �Q�v C�k�kLD w �rta ��yOQ� Q�m �xN�W wO Qy QO

	OwW�t �iwmW C����� Q u�� u� QO xm CU� xOQm sy�Qi ���Lt

� H� Cohn� Mathematics at Microsoft Reasearch�

Focus � �
���� ����

QO Ci�UwQm��t C�k�kLD RmQt QO uwvm �sy �Henry Cohn� u"m �Qvy �

	CU� �QDmOCU"B �xQwO uOv�QPo p�L
http�		www�math�harvard�edu	 cohn w� �DvQDv�� C��U TQO�

	CU�
	h� QW�DavY x�oWv�O w �O��v� ��yWv�O !x�oWywSB ��Uv �Q�wL �� Qw y

�wvat ��yD�mr�t �xv�tR QO xm xJv� �C����DQ� QO C�OwOLt R� Q�viQY
R� �Q�OQ� xQy� w C�F jwkL �OQ�Po�t QF� u�v�O���� Q Q� O�� R p�tDL� x�
u�v�O���� Q xm ���yDmQW xty Ovv�t Ci�UwQm��t 	CU� �patent� ��O��
Ovv�t �� ���� Q ��ytD� Qwor� jwkL 	iL x� p��tD Ovvm�t s�ONDU� �Q

	OQ�O OwN ��Q� �� �Q�ov RtQ ��ytD� Qwor�
�x��B Q� 	CU�Hv�� QO Q�m �wQW R� �m� �CmQW x� jwkL u�� uO�WN�
QO �Ov��WwN�v �� xQNUt �w�aO Ci�UwQm��t xm sQ�O u�v�t�� �sD�Oy�Wt
R� w�DUO ut OvyO s�Hv� �Q�m u�vJ Qo � �t� 	Ovm�tv KQ�t jwkL u�� OQwt

	CW�O sy�wNv �vwv�k
xDmv u�� x� 	CU� O�Qi� C�k�kLD x� uwQ�� R� �yOCyH Qo�O syt �xDmv
��U�U� �Q�v ��yywQo Ovv�t �yywQo ��a� 	OQm xQ�W� OQwt x� OQwt O���
�Qo�O ��yywQo C�r�ai 	OvQ�Ov �Y�N C�aw�wt �wQ Q�m ��Q� �Q�QY�
QDW�� 	OwW�t �R� Qxt�vQ� O�rwD CyH QO QDW�� Q�Dio !�SwrwvmD xwQo Ovv�t
xwQo ��yWqD �p�Ft u�wvax� 	OvQ�o�t Q�Qk xwQo wO u�� u�� Q�v u�� R� �yywQo
��yxt�vQ� �R�UxO��B x� ltm ��y� Q�m xR� Q R� �� �a�Uw h�� �Q�ovRtQ
�Q �� x�U�Lt �x� Q�v w O�Oa� �x� Q�v QO �Q�v ��yQ�m �D xOvvm O�rwD ��yywQo
OvyO�t K�HQDC�r�ai ��Q� �Q �Dw�iDt ��yywQohrDNt O�Qi� 	OQ�o�t Q� QO
�Q ��xOQw�Qi CN�U x� ltm �� OvyO� K�HQD �Q O�R� j�kLD xmv�� x� xDU�

	Ovvm�t xO�iDU� u� R� Qiv �yvw�r�t xm
u�W�t xm�r�L QO 	OwW�t �w� Qt ���v� Q� R C�v�mt� x� ���yv �xDmv
QDQ� �DL �� �yy�oWv�O �� xU��kt p��k Ci�UwQm��t �QDw�Bt�m ���vt w Cq�
l� �t� 	CU� xQy��� �OH ���� Q �xv�N��Dm l� R� CmQW u�� �CU�yv� R�
�Q Ow�tm u�� �OL �D xm OQ�O lQ�Ot w C�OvDUt �x��Q� ��Q� �r�a sDU�U
R�v uDov�W�w x�oWv�O ��yxv�N��Dm R� u�wD�t R��v CQwY QO 	Ovm�t u�Q�H

	OQm xO�iDU�

�s�xO�O �yy�oWv�O w Ci�UwQm��t C�k�kLD RmQt u�� ut xm �Dw�iD u� QDoQR�
���yU�tD w C����DQ� �wv �Ci�UwQm��t QO wHWv�O Q�mW� u�Oki R� Q�viQY
Q��U� �!��xDWQ u��t� C����DQ� Ci�UwQm��t QO 	OQ�o�t CQwY xm CU�
�u�v�OQ�t� �jQ� u�UOvyt �QDw�Bt�m swra u�OvtWv�O ��yv�O���� Q u�� �QDW��
ODi��t j�iD� sy �yy�oWv�O QO Qt� u�� xD�r�� OQ�O OwHw 			 w ��yU� wvxt�vQ�
xtHQD �wv u� R� ut 	�CU� pwtat QDtm ZLt ��yv�O���� Q OQwt QO �t�




