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Red Mustang,
made after 1999,
at most 10,000 miles,
less than $30,000

Buy order:

Red Mustang,
Fill:

made in 2001,
0 miles,
$29,000

Any color Mustang,
made in 2001,
0 miles,
more than $28,000

Sell order:
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Filled at 11am

Placed at 9am Placed at 11am

Red Mustang...
Buy order:

Red Mustang...
Fill:

Any color Mustang...
Sell order:
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Buy order:

$30,000
Mustang

Sell order:

$27,000
Mustang

Sell order:

$27,000
Mustang

(b)

Placed at 1pm Place at 2pm

Buy order:

$30,000
Mustang

Sell order:

$29,000
Mustang

Sell order:

$27,000
Mustang

Fill:

$28,500
Mustang

(a)

Fill:

$28,500
Mustang
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Completely filled Partially filled

removed reduced

Sell order:
Mustang
2 cars

Buy order:
Mustang
2 cars

Sell order:
Mustang
4 cars

Mustang
Fill:

2 cars
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than $27,000 Corvette
$28,000 Mustang is better

$29,000 Mustang is better
than $28,000 Corvette

Red Mustang is better
than white Mustang

Buyer preferences: Buy order:
Mustang or
Corvette
$30,000

Red Mustang
$29,000

Sell order:
White Mustang
$29,000

Sell order:
Red Corvette
$28,000

Sell order:

Fill:

$29,500
Red Mustang
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Select the lowest-price sell order,
which has not yet been considered,

among the orders with matching items

Is the buy price smaller
than the selected sell price?

size, send it to the buyer and seller, and
reduce the size of the buy and sell orders
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Delete the buy order

Found a sell order
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Yes
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Use the indexing structure to find
sell orders with matching items

(c) Matching a buy order

No available
sell orders

Process every new

of incoming orders
order in the queue

(see Figure b)

For every pending
buy order, search
for matching sell

orders (see Figure c)

Search for sell orders
that match the new
order (see Figure c)

the indexing structure
Add the new order to

Add the order to
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Buy order:
All Ford models
2 cars

Sell order:
Mustang
4 cars

Sell order:
Corvette
4 cars

Sell order:
Viper
4 cars

Fill:
Mustang
2 cars

Sell order:
Mustang
2 cars

Sell order:
Corvette
2 cars

Sell order:
Viper
2 cars
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Buy order:

with confirmation

Sell order:

without confirmation

Match

Fill

Match is
no longer
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Sell order:

without confirmation

Match
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with confirmation
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with confirmation
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Notification
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EGFBH IKJML�N5OPLRQTSUJ,VTW

� ü'ê+ë�ê�ñ�è'æ�û�ñ*ìgí7ê;â©ò�ê�ë�ãåä�ê�ç,û<ñ*î�ã�û<üÛë�êBágæYX=î·ìXë�æ�ð�äºágë[ZZê�û<ñ�ü áC6Xêé�ê�ê�ç�ñ�ãåä�ãåæåágë�û<ì
û�ü'ìXñ�ê+ìgí
ágëQû<ãB\'Þ�ã	áZæÃû�ê�ñ�û�ñ�ó ô ãåë�ñ�ûC�sî·êxü áC6Xê�ágò¤ò'æåã�ê�ð
û�ü'êxñ�úfñ�û�ê�ä û�ì¦á+è'ñ�ê�ð1XÌÞ�ágë§ä�áZë[Zgê;û�î�ã�û�ü ê�ã�õXü,û
áZû�û<ë�ã�é'è¤û�ê�ñ��%î�ü'ã�Þ�üIã�ñ.ágç¥ê;âfû<ê�ç'ð'ê�ð]6Xê�ë�ñ�ã�ìXçIìgí�û<ü'ê ê;â¤ágä�ò'æ�êxä�ágë^Zgê;ûBó`_©ê�Þ�ìXç¤ða�·î·êAü'á+6gê
ê;â©ò�ê�ë�ãåä�ê�ç,û<ê�ð�î�ã�û<ü�áb\'ç ágç'Þ�ã	ágæÆäºágë^Zgê�û��'î�ü'ãåÞ�ü�ãåç,6gìXæB6gê�ñtû<ë�ágð'ãåç¤õ�ìZí|Þ�ìXäºä�ê�ë�Þ�ãåágæ�ò'ágò�ê�ë�ó

EGFBHcF�d e�W-J1fhg�LRQ�W

i ê�ü áC6gê�û<ê�ñ�û�ê�ð�û�ü'ê¦ñ�úfñ�û�ê�ä ìXç�á¥ÞBáZëAäºágë[ZZê�û î�ã�û�ü�ê�ãåõXü,ûAáZû�û<ë�ã�é'è¤û�ê�ñ�ø¥û<ë�ágç'ñ�äºã�ñ�ñ�ã�ìXça�
çaè'ä�é�ê�ëxìgí1ð'ìfìXë�ñ���ãåç,û<ê�ë�ãåìgë�Þ�ìgæåìXë-��êGâfû<ê�ë�ãåìXë�Þ�ìXæ�ìXë��túXê�ágë��!äºìfð'ê�æj�tìXò¤û�ãåìXç¤ñ��!ágç'ð�ä�ãåæåê�ágõXê
Ý)ñ�ê�ê ô ãåõXè¤ë�ê�ñ§ö¤ó%"�ágç'ðIö'ó8kgß;ó � ü¤êAäºágë[ZZê�ûºãåç'Þ�æåè'ð¤ê�ñ�ágæåæLäºìfð'ê�æ�ñ.ìl@ê�ë�ê�ð�é,ú`4»è¤û�ì,m»ákû<ãåìgç
Ý�îtîtî7ó�ágè¤û�ìXç áZû�ãåìXç@ó�Þ�ìXä*ß�ntã�û.Þ�ìXäºò¤ë�ãåñ�ê�ñ�ñ�ê�6Xê�ç�ãåç,û<ê�ë�ãåìgë§Þ�ìXæ�ìXë�ñ-�2\'í£ûÌú,X�ûÌîLì�ê;âfû<ê�ë�ãåìgë�Þ�ìXæåìgë�ñ��
�! !k.äºìfð'ê�æåñ��váZç'ð@&!�/#,�ZöºìXò¤û<ã�ìXç�ò ágÞ�ZkágõXê�ñ�ó i êMü áC6Xê§ágæ�ñ�ì�ð'ê-\'ç'ê�ð+û�ü'ë�ê�ê�ñ�û<ágç'ð áZë�ð+ñ�ê�û<ñ!ìgí
ãåç,û�ê�ë�ã�ìXë�Þ�ìXæåìXë�ñ��¤û�ü'ë�ê�ê7ñ�ê�û�ñ!ìZí|êGâ©û�ê�ë�ãåìXë�Þ�ìgæåìXë�ñ�� ágç¤ð í�ìgë�ûÌú,X=û�ü'ë�ê�ê1ñ�ê�û�ñ!ìgí�ä�ì©ð'ê�æåñ�ó

i ê�ü áC6gê§ë�è'çêGâ¤ò�ê�ë�ãåä�ê�ç,û<ñCî�ã�û<ü+è¤ò~û�ìo�"!#1�%#!##�ò�ê�ç'ð'ã�ç'õ*ìXë�ð'ê�ë�ñ�nÆû<ü¤ê�Þ�ìXç,û�ë�ìXæp6Zágë�ã)X
ágé'æ�ê�ñ!ü áC6Xê§ãåç¤Þ�æåè¤ð'ê�ð�û<ü'ê�çaè'ä�é�ê�ëCìgí%ò�ê�ç'ð'ã�ç'õ�ìgë�ð'ê�ë�ñ���û<ü'ê�çaè'ä�é�ê�ë»ìgí%ç'ê;î�ìXë�ð'ê�ë�ñCã�ç(û<ü¤ê
ãåç¤ò'è¤û�qfè¤ê�è'ê3�qágç'ð¦û<ü'êºä�áZû�Þ�ü'ãåç¤õAð'ê�ç'ñ�ã�ûÌúXó i êºü áC6gê*Þ�ìXç¤ñ�ãåð¤ê�ë�ê�ð�ç'ã�ç'ê�û�ê�ê�ç�ð'ãBl�ê�ë�ê�ç,û�ñ�ê�ûrX
û<ã�ç'õXñCí�ìXëCû�ü'ê.çaè'ä�é�ê�ë7ìgí·ò�ê�ç'ð'ãåç¤õAìXë�ð'ê�ë�ñ���ûÌî·ì(ñ�ê;û�û�ãåç'õXñCí�ìgëCû<ü'ê.çaè'ä�é�ê�ë1ìgí·ç'ê�î ìXë�ð'ê�ë�ñ-�
ágç'ð`\R6gêAñ�ê�û�û�ãåç'õgñ�í�ìXë§äºáZû�Þ�ü'ãåç'õ~ð'ê�ç'ñ�ã�ûÌúXó ô ìgë§êBágÞ�üÂÞ�ìXä�é¤ãåç áZû�ãåìXç ìZíCñ�ê;û�û�ãåç'õXñ-�·î·êAü'á+6gê
ë�è¤çAûÌî·ì�ê;â©ò�ê�ë�ãåä�ê�ç,û<ñ-��áZç'ðAî·êMñ�ü'ìmî�û<ü'ê1ë�ê�ñ�è'æ�û<ñ�ãåç ô ã�õXè'ë�ê�ñ�ö'ó (+s ö'ó)&T�©óutSé¤ñ�ê�ër6Xê1û<ü áZû�û<ü¤ê
ñ�úfñQû<ê�ä ë�ê�ágð'ãåæ�ú~ñ�Þ�ágæåê�ñMû<ì(ä�ágë^Zgê;û<ñMî�ã�û<ü`�3"!#'�/#!#!# ìXë�ð'ê�ë�ñ-�%ágç'ð
û�ü áZû�û�ü'ê�ò�ê�ëQí�ìXë�äºágç'Þ�ê�ã�ç
û<ü¤ê1Þ�ágë�ä�áZë[Zgê;û�ãåñ56gê�ë�ú ñ�ãåä�ãåæåágë·û�ì.û�ü áZû�ã�çAáZë�û<ã)\ Þ�ãåágæ@äºágë^Zgê�û�ñ�ó

v ç ô ãåõXè'ë�ê�ñ!ö'óB&Cw s ö'ó)&T 1�vîLê§ñ�ü'ìmîÐû�ü'ê�ð'ê�ò�ê�ç'ð'ê�ç'Þ�úìZíqû<ü'ê�ñQúfñ�û<ê�äyx÷ñ7ò�ê�ë�í�ìXë�ä�áZç'Þ�êMìXç
êBáZÞ�üÂìgí�û<ü¤ê�Þ�ìXç,û<ë�ìXæu6Zágë�ãåágé'æ�ê�ñ�ó � ü'ê ä�ágã�ç1XÌæ�ì©ìgò�ágç'ð¥ë�ê�ñ�ò�ìXç'ñ�ê�û�ãåä�ê�ñ§áZë�êxæåã�ç'êBáZë�ãåç û<ü¤ê
çaè'ä�é�ê�ëÃìgíÆìgë�ð'ê�ë�ñ��,î�ü'ê�ë�ê�ágñ·û�ü'ë�ìXè¤õXü'ò'è¤û2\ ë�ñ�û·ãåç'Þ�ë�êBáZñ�ê�ñ·ágç'ð.û<ü¤ê�ç�ñ�æåã�õXü,û<æ�ú�ð'ê�Þ�ë�ê�ágñ�ê�ñ·î�ã�û�ü
û<ü¤êÃçaè'ä�é�ê�ë�ìgí©ìXë�ð'ê�ë�ñ�ó � ü¤ê·ñQú©ñQû<ê�ä�ò ágë�ñ�ê�ñz #!#�û<ì{&!�/#!#!#tìXë�ð'ê�ë�ñ�ò�ê�ë�ñ�ê�Þ�ìXç¤ða�Xágç¤ðMõXê�ç'ê�ë�áZû<ê�ñ
�! #�û�ì� 3#!#�û<ë<áZð'ê�ñ�ò�ê�ë�ñ�ê�Þ�ìXç'ð@ó
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¼�½�¾C¿'ÀT¾CÁ�À±Â�Ã�½�Â
Ä �C¬�¶o�>�~�C�+�Y�,���^�
� ��»M�Y�M�Å�>¦~�C�+�Y�,���[�
Æ �Y·T«��7�>�~�C�+�Y�,���[�

|~}�}-�����a�U}��ÈÇU�7ÉuÊ�}���C�B�1��°��1²����³�>Ë+�§�C�+�Y�,���[�
Ì �{�CÍ��T��Îu¬r����� Ä �C¬�¶�Îu¬������KÏ!�C���Y� Æ �¹·T«3�ÐÎu¬r��¸
Ì ¬r�¹Í��T�M� µ ���¹·+� Ä �C¬�¶ ¨ �+¬r���+»,�+¬ÐÑ2��» Æ �¹·T«3�ÓÒa�C¬r�r«��§�����ÔÎu�T�Y»
Ì ���Y�+�3���Y� µ �Y�,� Ä ����ÕÈÖ×�§��¬r�+�Y»ÈÎ5¬������ Æ �¹·T«3�ÐÏ!�CÕMÕ1«M�¹¬�� µ �Y�,�
Ì �,���M�{��Øu¬^�+�,·+� Ä ����Õ�ÙT� © ���aÎu¬������ � �+�)�¹º�� µ �Y�,�
Ì �,���M�{�³Ñ2��» Ä ����Õ�ÚÛ��»,·+� © ��» µ �Y�,� � �+��»M�C¬r�Y��Îu�T�)»
µ �Y�+��¶ ÖGºR�T�3¸ � ��»��Y�M� µ ¬�� © �
µ ¬r�¹·T«3� Ì �.ºR��¬ Ö£�Y���Ü��¬r�Y�7Îu¬������ � ��»��Y�M�ÞÝz«M�C¬^�Ü�T�+� µ �Y�,�
µ ¬r�¹·T«3� Ì ���Y�+�3���Y� µ �Y�,� Ö£�����C���~Îu¬������ � ��»��Y�M�ÞÝz«M�C¬^�Ü�T�+�0Îu¬������
µ ¬r�¹·T«3�ÓÑÓ��» ß,�+¬��uàá�,��âbÎu�T�)» � ��»��Y�M�ÞÎu¬r��¸
µ ¬r�¹·T«3�ÐÏ!�Y�¹�+��¬ Îu¬r�CÕ1«M�¹��� µ �Y�,� � ��»��Y�M�PÑÓ�-¸T�+� µ �Y�,�
Ýz�CºR��¬r�,���ÓÑ2��» ãu�C¬��+�����5Î5�T�Y» � ��»��Y�M�ÞÏ������� µ �Y�M�
Ýz«M�C¬^�Ü�T�+�0Îu¬������ äå�,B¬^�§ÑÓ��» � ��»��Y�M� ¨ �¹���+���Y�M�
Ýz«,���r�CÕ'���C¶+� µ �)�,� äå���Y�+�M» µ �Y�,� � ��»��Y�M�æÚÛ��»,·+� © �3�!» µ �)�,�
Ýz«,�������3�,� äj�+�+¬�¸³Ò��C¬^�r«M�§���3� � �)»M�M�¹·T«3�2Îu¬r��¸
Ýz«,¬r�T�§�5çG���Y�¹� © Ù+� © ����Î5¬������ Ò���¬�B�+¬^�{�+�M�Ü�7Ñ2��»
Ýz�¹�T��»�Ú@«M�¹��� Æ �+����¬ÐÑÓ��» ¨ �Y�3����» Ï!�Y�¹�+��¬
Ýp¬�¸!�����+�RÚ@«M�¹��� Æ �Y·T«�� µ �Y�M�
Ä �C¬�¶ µ �Y�,� Æ �Y·T«�� µ ¬r�+�r�
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Ä �C¬�¶o�åè�é~�C�+�Y�,���^�
� ��»M�Y�M�Å�>�Cêë���+�Y�M���^�
Æ �Y·T«��7�åèÜì����+�Y�M���^�

ô ãåõXè¤ë�êCö'ó/"¤øª4�û�û<ë�ã�é'è¤û�ê�ñ{& s ö.ìgíÊû<ü'ê7è'ñ�ê�ð1X=ÞBágë�äºágë[ZZê�û�ÝUáZæåñ�ì.ñ�ê�ê ô ãåõgè'ë�êSö'ó%kXßGó

 1&



|~}�}-�����a�U}��KíR�áîá��M�D�åè�êTï§�C�+�Y�,���^�
äå������·+��¬Ð���+�Y�M���ªB¬r�T�Åè�é+ð+ï§�����Cê+ê,èC 

|~}�}-�����a�U}���ñ��.ò]��¥��²ª�>�+ËT´§���+�)�,���^�
Ì �Y���§�!»,���Y�z�CóR��¬���»bº¸ Ì �,���Tôu�C���¹�T�y� ©2©Ó©  õ�+�,���T�M�C���Y�T�� õ�Ü�T���^ 

¼�½�¾C¿'ÀT¾CÁ�À±Â�Ã�½�Â
Ì �§��¬r�Y���+���åè�¦+é{���+�)�,���^� Ýz«M���3¬��T�Y���7�>�+ï~���+�)�,���^� � �CÍ�»M���åè+èÔ���+�)�,���^�
Ö£�M¬��+ÕR���+�o��ì�é§�C�+�Y�,���^� Ýz«M¬�¸�r�¹��¬á�>ð~���+�)�,���^� � ��¬r�Ü��»,��� µ ���,Í��>ð~�C�+�Y�,���[�
ÙT�CÕ1�+�,�����ë��´èá�C�+�Y�,���[� Ä �!»,·+���åè��~�C�+�Y�,���^� � ��¬r���,¬r¸Û�>Ë§���+�Y�M���^�

ß,�+¬^»��åè�ð§�C�+�Y�,���^� � �¹�����Mº��Y��«M�a�>ï§�C�+�Y�,���[�
Ï��»M�+���á�åè�¦+ð§�C�+�Y�,���^� Î � Ýö�åè�êë���+�Y�M���^� ôu�Y���r�+���>é~�C�+�Y�,���^�
ÏÕR�+¬����2Ýz�C¬^�7�>�+é~�C�+�Y�,���^� ãÐ�T�M»M�b�>é~�C�+�Y�,���[� ØÔ�Y»M���§�+º1�Y�¹�§�>Ë~���+�)�,���^�
Ï!÷Ðøu�.�>ËT´$���+�)�,���^� ãÐ¸���M»M�+�c�>ï§�C�+�Y�,���^� Ò×�¹¸!�§�T�,��«o�>Ë§�C�+�Y�,���[�
¨ ¬r�M��¶!�7�>�+¦{���+�Y�M���^� äå�,ù��M�Y������ì{�C�+�Y�,���[� Ò��T�3���Y�+���>é§���+�Y�M���^�
øG�+�M�$�åè�ê§���+�)�,���^� äå���,Í��o��ì{�C�+�Y�,���[� Ò��+¬r�r�r«,�D�>�~���+�)�,���^�

Ù��C·T�M�C¬.��ì{�C�+�Y�,���^� Ï,�C���,¬r���>ï~�C�+�Y�,���[�
Ì ���,¬r�b�>ï~�C�+�Y�,���^� ÙT����Õy��ì{�C�+�Y�,���^� Ï,�,º��C¬r�o�>¦~�C�+�Y�,���[�
Ì �M»M�G�>ï~�C�+�Y�,���^� àá�)�D�>Ë{���+�)�,���^� Ï,�,Í��,¶!�G��ì{���+�)�,���^�
µª� Ú ��´$�C�+�Y�,���[� Æ �+�M»³ÑÓ�-�+��¬~�>�~�C�+�Y�,���[� ¨ ��¸+�+���K�åè�ï§�C�+�Y�,���[�
µ �M�Y�r¶K�>Ë~�C�+�Y�,���[� Æ �Üâ!�M�.�>é~���+�)�,���^� øc�T�Y¶� © �C·+���ú��´$���+�)�,���^�
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