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WLPH���6XSSRVH�%�LV�D�ODQJXDJH�LQ�13���:H�FUHDWH�D�PDFKLQH�0�LQ� �WKDW�LV�SURJUDPPHG�DV PSAT

IROORZV�
���,QSXW�LQVWDQFH�Z�RI�%
���3HUIRUP�UHGXFWLRQ�WR�D�ERROHDQ�IRUPXOD�)
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:K\"��%HFDXVH� �LV�D�GHWHUPLQLVWLF�FRPSOH[LW\�FODVV��LW�LV�FORVHG�XQGHU�FRPSOHPHQW��FDQ PSAT

VZDS�DFFHSW�UHMHFW�VWDWHV�IRU�DQ\�70�LQ�LW��
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$OWHUQDWLQJ�0DFKLQHV

:KDW�DUH�WKHVH"

70�ZKHUH�HDFK�VWDWH��H[FHSW�TBDFFHSW�DQG�TBUHMHFW��DUH�HLWKHU�8QLYHUVDO�RU�([LVWHQWLDO

VWDWHV���:KHQ�UXQ�RQ�D�LQSXW�Z��FRQVLGHU�LWV�1'�FRPSXWDWLRQ�WUHH�

$�QRGH�LV�DFFHSWLQJ�LI�LW�LV�D�$1'�DQG�DOO�RI�LWV�FKLOGUHQ�DUH�DFFHSWLQJ�

RU�25�DQG�DW�OHDVW�RQH�RI�LWV�FKLOGUHQ�LV�DFFHSWLQJ�

6WULQJ�LV�DFFHSWHG�LI�URRW�LQ�WUHH�LV�DFFHSWLQJ�

$7,0(��W�Q���� �^/�_�/�LV�GHFLGHG�E\�DQ�2�W�Q���WLPH�DOWHUQDWLQJ�70�`
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6R�� �DV�ZHOO�DV�P P  N Ò A o P P  c ÀN Ò A

7KH�VLPLODULW\�EHWZHHQ�WKH�$1'�DQG�25�QRGHV�LQ�DQ�DOWHUQDWLQJ�PDFKLQH�DQG�WKH�TXDQWLILHUV�LQ

4%)�ZRXOG�OHDG�\RX�WR�WKLQN�WKDW�$3�LV�FORVHO\�FRQQHFWHG�WR�363$&(���,Q�IDFW�

TIME(f(n)) PACE(f(n)) TIME(f (n))  A Ò S Ò A 2

7KXV P SPACE  A = P
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7KXUVGD\����$SULO

5HFDOO�

$7,0(�W�Q��� �^/�_�/�LV�GHFLGHG�E\�DQ�2�W�Q���WLPH�DOWHUQDWLQJ�70�`

� �� �DOWHUQDWLQJ�SRO\QRPLDO�WLPHP TIME(n )  A =
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k
A k
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o P P  c ÀN Ò A

TIME(f(n)) PACE(f(n)) TIME(f (n))  A Ò S Ò A 2

$3� �363$&( =

$OWHUQDWLQJ�PDFKLQHV�DUH�VR�SRZHUIXO�WKDW�ZH�ZRQGHU�LI�ZH�FDQ�³GLDO�EDFN´�WKH�SRZHU���:H�FDQ
GR�WKLV�E\�FRQVWUDLQLQJ�WKH�SDWWHUQ�RI�DOWHUQDWLRQV�

$� ��DOWHUQDWLQJ�70�LV�DQ�DOWHUQDWLQJ�70�WKDW�FRQWDLQV�DW�PRVW�L�UXQV�RI�XQLYHUVDO�RU�H[LVWHQWLDO Æi

VWHSV��VWDUWLQJ�ZLWK�H[LVWHQWLDO�VWHSV�

 �FODVV�RI�ODQJXDJHV�GHFLGHG�E\�D� ��DOWHUQDWLQJ�70�LQ�I�Q��WLPHTIME(f(n))  Æi  Æi
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:KDW�LV� �HTXLYDOHQW�WR"�� � �13P  Æ1 P  Æ1
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:H�FDQ�DOVR�GHILQH�FODVVHV�RI�DOWHUQDWLQJ�PDFKLQHV�ZKHUH�ZH�EHJLQ�ZLWK�XQLYHUVDO��UDWKHU�WKDQ
H[LVWHQWLDO��TXDQWLILHUV�

$� ��DOWHUQDWLQJ�70�LV�DQ�DOWHUQDWLQJ�70�WKDW�FRQWDLQV�DW�PRVW�L�UXQV�RI�XQLYHUVDO�RU�H[LVWHQWLDO Åi

VWHSV��VWDUWLQJ�ZLWK�XQLYHUVDO��VWHSV�

 �ODQJXDJHV�DFFHSWHG�LQ�SRO\QRPLDO�WLPH�E\� �DOWHUQDWLQJ�70P TIME(n )  Åi =
S 

k
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&DOO�VRPHRQH�WR�ERDUG�WR�GUDZ�9HQQ�GLDJUDP�RI�3�� ��363$&(P  ; Å P  Æ1  1

1RZ��GLVFXVV�ZKHUH� ZRXOG�ILW���1RWH�P  Æ2
0XVW�FRQWDLQ� �P  Æ1
$OVR��PXVW�FRQWDLQ� ��ZK\"P  Å1
1RZ��DGG� P  Å1

QRWH��PRYH�XSSHU�VXEVFULSW�WR�ERWWRP�

,W�LV�KDQG\�WR�GHILQH�D�QHZ�FODVV��WKDW�LV�VLPSO\�WKH�XQLRQ�RI�WKH�VLJPD�DQG�SL�FODVVHV�DW�WKH
VDPH�OHYHO�RI�DOWHUQDWLRQV�
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:H�FDQ�DOVR�GHILQH�SRO\QRPLDO�KLHUDUFK\�XVLQJ�RUDFOHV�

5HFDOO�

� �ODQJXDJHV�GHFLGDEOH�E\�D�SRO\QRPLDO�WLPH�70�ZLWK�DQ�RUDFOH�IRU�$ PA

� �ODQJXDJHV�GHFLGDEOH�E\�D�SRO\QRPLDO�WLPH�170�ZLWK�DQ�RUDFOH�IRU�$P  N A

6XSSRVH�$�LV�D�³FRPSOHWH´�SUREOHP�IRU�VRPH�FODVV�RI�SUREOHPV�&���7KHQ��LQVWHDG�RI�ZULWLQJ
�ZH�FDQ�ZULWH� �� PA  PC

)RU�H[DPSOH��LQVWHDG�RI� �ZH�ZLOO�ZULWH� � PSAT  PNP

6LPLODUO\��LQVWHDG�RI� �ZH�ZLOO�ZULWH� � NPSAT P  N NP

1RZ��ZH¶UH�JRLQJ�WR�UHFXUVLYHO\�GHILQH�D�VHULHV�RI�RUDFOHV�

7KHQ�IRU�L�����GHILQH

&ODLP��WKHVH�GHILQLWLRQV�IRU�6LJPD�DQG�3L�\LHOG�WKH�VDPH�FODVVHV�DV�WKH�GHILQLWLRQV�LQYROYLQJ
DOWHUQDWLQJ�7XULQJ�0DFKLQHV���)RU�H[DPSOH�

 �SUREOHPV�VROYHG�LQ�SRO\QRPLDO�WLPH�E\�DQ�DOWHUQDWLQJ�WXULQJ�PDFKLQHP TIME(n )  Æ1 =
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ZKRVH�SDWWHUQ�RI�DOWHUQDWLRQV�LV� ��RQO\�H[LVWHQWLDOV��99  9

7KH�QHZ�GHILQLWLRQV�WHOO�XV�WKDW
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P
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/HW¶V�JR�XS�D�OHYHO�
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 �SUREOHPV�VROYHG�LQ�SRO\QRPLDO�WLPH�E\�DQ�DOWHUQDWLQJ�WXULQJ�PDFKLQHP TIME(n )  Æ2 =
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ZKRVH�SDWWHUQ�RI�DOWHUQDWLRQ�LV� �99888  9

7KH�QHZ�GHILQLWLRQV�WHOO�XV�WKDW

 �P  Æ2  NPÆ1
P
= NPNP

:K\�GRHV�WKLV�PDNH�VHQVH"��,QWXLWLYHO\��WKH�³EDVH´�13�PHDQV�WKDW�ZH�KDYH�D�QRQ�GHWHUPLQLVWLF

70�WKDW�FDQ�PDNH�D�VHULHV�RI�OXFN\�JXHVVHV����WKLV�LV�WKH�VHTXHQFH�RI�H[LVWHQWLDO�TXDQWLILHUV�

7KH�RUDFOH�IRU�DQ�13�FRPSOHWH�SUREOHP��H�J��6$7��PHDQV�WKDW�WKH�70�FDQ�GHFLGH��ERWK

SRVLWLYHO\�DQG�QHJDWLYHO\��WKDW�SUREOHP�LQ�XQLW�WLPH���IRU�H[DPSOH��LW�FDQ�GHWHUPLQH�WKDW�D�IRUPXOD

LV�QRW�VDWLVILDEOH�LQ�XQLW�WLPH���7KH�DELOLW\�WR�XVH�WKH�RUDFOH�WR�GHWHUPLQH�³UHMHFW´�DQVZHUV�JLYH�WKH
70�WKH�SRZHU�RI�WKH�VHTXHQFH�RI�XQLYHUVDO�TXDQWLILHUV�

:KDW�DERXW�WKLV�QHZ�VHULHV�RI�FODVVHV��'HOWD"��:H�VHH

 �P  Á1  PÆ0
P
= PP = P

QRW�D�YHU\�LQWHUHVWLQJ�FODVV���%XW�VHH�ZKDW�KDSSHQV�ZKHQ�ZH�JR�XS�D�OHYHO�

 �P  Á2  PÆ1
P
= PNP

7KLV�LV�VRPHWKLQJ�QHZ���%HFDXVH�LW�KDV�DQ�13�RUDFOH��LW�PXVW�FRQWDLQ�ERWK�13�DQG�FR�13�

P  N Ò PNP

o P  c ÀN Ò PNP

+RZHYHU��LW�LV�QRW�DV�SRZHUIXO�DV� � �P  Æ2  = NPNP

6R�OHW¶V�VXPPDUL]H�WKH�FRQWDLQPHQW�UHODWLRQV�
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6XSSRVH�ZH�WDNH�WKH�XQLRQ�RYHU�DOO�RI�WKHVH�FODVVHV�IRU�DOO�L���7KLV�JLYHV�XV�WKH�3RO\QRPLDO

+LHDUDUFK\��3+�

,V�3+�WKH�VDPH�DV�363$&("��:H�GRQ¶W�NQRZ��XQOLNH�IRU�WKH�FDVH�RI�$3��ZKHUH�ZH�NQRZ�WKDW

$3� �363$&(���7KHUH�PLJKW�EH�SUREOHPV�WKDW�DUH�KDUGHU�WKDQ�DQ\�LQ�3+�DQG�\HW�VWLOO�EH�LQ

363$&(�DQG�$3�

0RVW�FRPSXWHU�VFLHQWLVW�EHOLHYH�DOO�RI�WKHVH�OHYHOV�DUH�GLVWLQFW���,I�3 13��WKHQ��RI�FRXUVH�

HYHU\WKLQJ�MXVW�FROODSVHV�LQWR�3���%XW��DV�IDU�DV�ZH�NQRZ��WKH�KLHUDUFK\�PLJKW�RQO\�SDUWLDOO\

FROODSVH��DERYH�D�FHUWDLQ�OHYHO�

,I�SDUWLFXODU��LI��� ��WKHQ�WKH�KLHUDUFK\�FROODSVHV�WR�OHYHO�N�

+RPHZRUN��WKLV�ZLOO�EH�SRVWHG�E\�WRPRUURZ��)ULGD\��DIWHUQRRQ�DQG�ZLOO�EH�GXH�LQ�FODVV��SK\VLFDO

SDSHU��LQ�FODVV�7XHVGD\���,W�ZLOO�FRXQW�WKH�VDPH�DV�D�TXL]���,Q�LW��\RX�ZLOO�SOD\�ZLWK�VRPH�SUREOHPV

WKDW�IDOO�DW�GLIIHUHQW�SRLQWV�LQ�WKH�SRO\QRPLDO�KLHUDUFK\�
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