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I. ABSTRACT ITO CALCULUS ON FOCK SPACE

I.1. Short notationsE4F
GHF
GHF�IKJML#N>OQPRPRL8SUTWV
X&NUY[Z\X6L]N^F
_a`Bb!cedf`Ug\h6bi`&bij\`lkm`Ub!h6npo2g\qrbi`lkms\tukm`Ub0k!h4n%v[wyx{z�j2|Wb}q~k>�[c���� � �� c �{� j\`>�i`c��������f�	|4gud{c � q~k!b0j\`�km`Ub}h6n%��`U�~`U��`>g^b�k�kms\tukm`Ub0k}h4n�v w �=���e�^xR�<�{h6��df`U�0qrg2�`U�~`U��`>g^b�k%h6n=|+�$���>�i���i���4�>�U�U�>�m� � �� #c � � `!q~df`>g8biqrn¡��c � � qrbij$¢ � �£�¥¤&¦§�i�©¨����}¨ªUª>ª ¨�� � �©«�¬
v­w%® � x¯z�j\q°k � |���c � q~g\j\`>�iqrb0k�b0j\`K��`>|^kms2�i`¥d�ki±2|6²U`yk�b0�is2²Bbis\�0`yh4np¬
v[w³® � x�<�!±2sfbmb0qrg\�Kbij\`³´%q~�0|^²���`>|6kis\�0`:µU¶%h6g�c��6� � `:j2|�·^`:df`Boug\`>d�|y�H¸�o2g\qrbi`��}`¥|6kis\�0`>d�km±u|6²B`kmbi�0s2²)b0s\�i`<h6g©c�¹ � j\q°²�jQ�4ºaqrg2kiq°k�b¥�Wq~k»bij2`<�-¸¼dfq~��`Ug2kiqrh^g2|4�]_Q`>tu`¥km�^s\`=��`¥|6kis\�i`¯h6g!`>|6²�jKc �\½� j\h8km`Kh^g\�~��|Wb0h6�¾q~kK���]�8x<z�j2`K`U�~`U��`Ug8b�kph4n[c¿|4�0`Kdf`Ug2h4bi`¥d � qÀb0j�km��|6�r�»Á³�0`U`>Â&�~`Bbibi`U��k�-��Ã:�iÄ\�U�>�U�>�U�Wb0j\`p|6k0kmhf²Bq°|Wb0`>d©�}`¥|6kis\�0`¯q°k­df`Ug2h4bi`¥d!Å8�[�^Å6Ã:�6Å^Ä\�U�>�U�>�2¹ � qrbijQ�^qrg}��qrgudÆ�4b0j2|Wb�§���>� � ¨�� � ¨ ªUª>ª ¨Ç� � ��|4g2d{Å8���¾Å6� � Å6� � ª>ªUª Å6� �\½ x�ºDb!q°kyg\h � ²B�~`>|6�ybij2|4b!È � ¬Éc!®q°kÊq~kih6��h6�0±\j\q°²yb0h	bij\`�Ë\hf²�Â#ki±2|6²U`�Ì�x!º¼g2df`>`>dÆ�QÈ � ¬Éc!®³�ÇÍ � È � ¬Éc � ®�q~k³q°kmh^�}h^�i±2j\q~²KbihÍ � È � ¬�¢ � ®:¹ � qrbij�¢¯�³�Î�W�]� ½ biju|Wb¯q°kpÌ�xMº¼g�h6��df`U�=bih!tu`³�i`¥|4�~�r��²B�~`>|6�>�^bij2`%q°kmh^�}h^�i±2j\q~ki�tH`Bb � `U`Ug�Ì�|4g2dlÈ � ¬Éc!®<²U|6gltu`y`UÏ]±2�rq°²Bqrbi�~� � �0qÀbibi`Ug�|^kUÐÑ�Ò]Ì�ÓHÔÕÈ � ¬¡c!®Ö�×ÓHÔØÑ Ö

� j\`>�i` Ö �ÚÙ � Ö � |6g2d�Û Ñ ÖuÜ ¬
�Q®¯��Ý Ö � qrn­�l�Ú�Ö � ¬
�i�W�>�U�>�B�m� � ®Þqrn­�l���>�i��¨ ªUªUª ¨ß� � �8x
à­áãâ}ä\å0æDç>è¯éQêMëWì�íBî�ë¥ï�ðãîãñ>òDó�ì�ðãîãôõò<òmì�öõò�ë�öõë�ði÷4øWñUòDù%ð�úWì�ò�û�ði÷6ð
î�ñUòDóWì�ð
î�ôõò=òmì�öõòmë¥öõë�ði÷4òDó�ì�ñ�î�ôõò¯û�ü>úWì�í�ðãôõñ)í�ði÷ðãý>ïpïpû¼î�þ
ôõò[ïpûmì�ð�ë¥þãû�ði÷�ÿyì�öõöõô ì � ôõí�òmì�öõò�ë�öõë�ðm÷�ð
î�þ
ë�ò¼î�ë¥þãû=û��>ëWì0îãôõñ)í�ðm÷��~ë�í¥ò�îãôõñ)íWì�ö��UëWì�íBî�ë¥ï��°î�ñ	�rñ)þ
ï<ë�ö ì�û�

��
�����������
0èãè�������
����Àå��!é! #"%$#&�'¥÷)(�*�+,*�'¥÷�(�*�+,*.->÷�/0-�1,(�*#

2 ñ)ë�þ
ð�û43)ô � û�í%ì0î-îãó�û­êMëWì�íBîãë�ï65uþ
ñ�7Wì87�ôõöõô îÉý9$>ë¥ïpïpûmþ:$>òDó¥ñ>ñ)ö°÷<;Mþãû�í�ñ�7¥öõûB÷<=)ë�í�û>"?'�@BADC	=)ë�ö ýFE�GIHJ"?K�K� #


L



Ë2h6�p`UÏf|6��±\�r`^�\|�²Bh6j2`U�0`Ug8b<·^`>²Bbih6���\¬��-®B�\km`>`Ug	qrg�È � ¬Éc!®B�2ki|4biq°k�ou`>k
Û �\¬��-® Ü ¬ã�Q®=���

���
	
�[¬���®�¹ � j\`>�i`³bij2`y`U��±fb��&±2�ihfdfs2²Bbp`�
8s2|4�°k L ½ x

_Q`Ub:s2k�o\Ï	kmh^�}`Êg\h6b0|4biq~h6g2k�h^g&c+x
ºDn­����§� � `³±2sfb��]�l���������[�u�[Ó������ ���8�M�^x
ºDn[�< 	��bij\`>g����$��df`Ug\h6bi`¥kp���ß�>���8x
ºDn<�>��� ��M�³b0j\`Ug������<d\`Ug\h6bi`>kp���#�>���8x
ºDn­¤}¦��K¦ �¯bij\`>g � � � ����!$Û ¤\���8Û�#" ��$ %&� ���#! Ü �^�m�BÛ�'" % ���#! Ü �)�)(+*§ÛÆ�
, 	.-/% �}`¥|4g2k10 � qrn­��«�Û ¤2�m� Ü¤ h4b0j\`U� � q°km`^xºDn­¤}¦��K¦ �¯bij\`>g c � � ���¥�� 	c32i��«ÚÛ ¤\���8ÛÀ�c " ��$ %&� ���¥�� 	c32i��« Ü �^�m�BÛÀ�c " % ���¥�� 	c32i��« Ü �)�4(+*�ÛÀ�}�
5 ��q~k<b0j\`K²U|6�0d\qrg2|6�Æh4n[�[x
ºDbpq°k:²B�~`>|6�>� � qrbij	b0j\`yg\h4b�|Wb0qrh^g2k<h4n76yx2_ x98%s2d\kih6g#: k:²Uh6s\��km`^�8bij2|4bÌ �<;>= È � ¬¡c � � ®Ì@? ��$ %A;>= È � ¬¡c " ��$ %&� ®Ì@? %B= È � ¬¡c " % ®³�º¼g	bij\`Ên¡h^�r�~h � q~g\� � `Ê��|4Â^`³ki`U·^`U��|4�-q~d\`Ug8biqrou²U|4biq~h6g2k>Ð

C ÌRq°k g\h6b=dfq~kmbiq~g\�^s\q~kij\`¥d}n¡�ih^�£È � ¬Éc!®p¹ã|4g2d!b0j\`%k0|4��`pj\h6�°d\k[n¡h^�<Ì �<; |4g2d�È � ¬Éc � � ½ �`Ub0²6xrx~x ½
C È � ¬ÉcD�E�m®)�MÈ � ¬¡c " ��$ %&��®Ê|4gud�È � ¬Éc " %¼®Ê|6�i`�ki`U`Ug�|6kykis\t2ki±2|^²B`>k³h6n<È � ¬Éc!®BÐÊbij\`�kis\tf¸ki±2|^²B`#h6n Ö  ¿È � ¬Éc!®+kis2²�j§bij2|4b Ö ¬ã�Q®�� ¤{n¡h^�	|6�r�Ê��kis2²�j�b0j2|Wb��F�« Û ¤\��� Ü¹�GIHKJMLa�m�N�«ÚÛ �6�i� Ü �OGIHKJMLQ�i�P�«�Û �)�4(+*�Û ½ x
E4F
GHFAQQF�ESR-S¥L.TuTWZ9UWV�N�XMPYUãL8P PRZÆF
z�j2`�n¡h^�r�~h � q~g\���r`>�}��|�q°k�|�·6`>�i�{q~��±uh^�mb�|4g8b&|4g2dßs2ki`Bn¡s\��²Bh6�!t\q~g2|Wb0h6�0q~²	�0`>kis\�Àbbiju|Wb � ` � qr�~�=sukm`3
8s\qrbi`+h6nÉbi`>g{qrg$bij2`&km`K
8s\`U��x[Z�j2|4bKbij2q~k©�r`>�}��|�k0|��fkÊq~k©��|6qrg2�r��bij\`n¡h6�~�~h � qrg\�uÐ­²Bh6gukmq°df`U��b0j\`+Z�q°²�Â+±\�0h]d\s2²)bph6g�Ì�Ð

Û Ö Ò]\ Ü ¬
�Q®B^ ûI��`_
a9bc	
Ö ¬�dM® \-¬ã���ed[®

f



bij2`Ug$bij\q°kÊ±\�0hfdfs2²)bytH`Uj2|�·^`>k³�~qrÂ^`�|l²Uh6g]·6h^�rsfb0qrh^g��Æq~g$±u|4�ibiq°²Bs\�°|4�³qÀbK��|6±2kÊq~kih6��`Ubi�0q~²>|4�~�r�È � ¬Éc!®��lÈ � ¬Éc!®¯bih+È � ¬Éc!®Bx
¢ �����
	��
���
��� ����� Ö�� ���������! #"%$&� �%' �)(+*� -,.�/,.01�324$&�� .(65
,478�9��:;$<� ��' �<=
>9"%7�?@�/,A*17*17	cB�&c�5+CD�<E�7��F�G>9"!7H?@�I,J*�7 \K*17�c �#L

\-¬ã�Q® � _
a9bc	
Ö ¬�d¯�i��� dM®y�

M�N8�&7�\O,P )�����! #"!$<� ��' �Q(+*� -,I�I,I0���24$&�� .(R5+,S7��T�<:U$&� ��' ��=���7�VW;X \-¬ã�Q®�Å^��� W;X�YZX Ö ¬�d¯�\[»®�Å.d ÅU[��
]
$&*^*1>_5a` �<�Êd\`Ug2kiqÀb��K|6�i�^s\��`Ug8b0kah6g\`¯²U|4g©�i`¥k�b0�iq°²)bMh6s\��km`>�r·^`>k-b0h%b0j\`¯²>|6ki` � j\`>�i`Ö ¬�d¯�\[M®=�cb»¬�d[®\dQ¬A[»®¯|4g2d � j\`U�0`eb+� �\¬&�Æ® |4gud�d�� �\¬Aff®=|6�i`�²Bh6j2`U�0`Ug8b ·6`¥²)bih^�0k>xMº¼g�bij\q°k²U|^km`Êh^g\`Êj2|6kW X�YZX Ö ¬�d¯�\[»®�Å.d ÅU[�� W X �\¬��-®U¬�d[®�Å d W X �\¬Aff®B¬/[»®pÅU[

�hg �Rijlk " �E�+m4� g �Rijon " � �6m4� ¹¡b0|6Â6`��»�-f+ lÈ � !	È � ¬
v[w%® ½|4gud W;X _
a9bc	
Ö ¬�d¯�i��� dM®pÅ8��� W;X _

a9bc	
�
��� a

�M¬<��® �
���
	;p>a

f-¬���®�Å^�
� W X �

�)�
	
¬&�[¬���® (qfH¬<�¥®i®pÅ8���hg � ijok " � � w n " � �Rm4� �

r k � `�j2|�·6`#ki`U`>g�qrg 6Kx¯_ x 8:s2d2kmh^g#: k�²Bh^s\�0ki` � `#j2|�·6`^�<n¡h6�&|6�r���)�%|4g�q°kmh^�}h^�i±2j\q~ki�tH`Bb � `U`Ug�Ì |4g2dlÌ %A;�s Ì@? % x­º¼g�bi`>�i��k¯h4nQb0j\q~k�kij\h6�ib¯g2h4b0|4biq~h6gQ�]|4gud � qÀb0j&b0j\`%j2`U�~±&h4nabij\`¢ �H¸¼_Q`U����|\�]b0j\`yq°kmh^�}h^�i±2j\q~ki� df`¥ki²U�iq~tH`>k<g\q°²B`U�~�6x
tDu�	wv�xH	w�zy1�/{w�/{���� M�N8�
�O�#(�(H,S7Z:�|Ì %A;Zs Ì@? % ÓuÔØÌÖ s \ × ÓuÔ}b~ ,.�/N�ba¬ã�Q®=� Ö ¬
� %&� ® \-¬ã�'" % ®
VZ�<E�78�� ���7K,P <*��O*�$T(HN�,4 -� � �1� ~ �#�<7�Ì %A;^s Ì@? % �%7HV+Ìe5
]
$&*^*1>_5

W;X�� ba¬ã�Q® � � Å^�#� W;X�� Ö ¬
� %&� ® � � � \-¬ã�'" % ® � � Å8�
� W;X _

a9bc	
, a9b ? � $ %A; , 	;p'a b ? % $ w�� ? � Ö ¬�dM® � � � \-¬ã�[� dM® � � Å^�

�



� W;X3W;X , a b ? � $ %A; ,�� b ? % $ w�� ? � Ö ¬�d[® � � � \-¬/[»® � � Å.dRÅU[ ¹¡t]��b0j\`!¢ �H¸¼_Q`U����| ½
� W X
���
� Ö ¬�d[® � � Å d W X

� �
� \-¬/[»® � � Å![

��� Ö s \�� � � �

I.2. Ito calculus on Fock space
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I.3. Probabilistic interpretations of Fock space
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II. EXTENSION OF QUANTUM STOCHASTIC CALCULUS

II.1. An heuristic approach to noise
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II.2. Extension of quantum stochastic integrals
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III. THE ALGEBRA OF REGULAR QUANTUM
SEMIMARTINGALES

III.1. Everywhere defined quantum stochastic integralsE�E�EWFãGuFãGuF !�S>T�X»L#EBS 
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IV. SOME RECENT DEVELOPMENTS

IV.1. Functional quantum Ito formulae
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IV.2. A remarkable transform of quantum processes
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