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6HTXHQWLDO�ORJLF

q 8S�XQWLO�QRZ��ZH¶YH�EXLOW�FRPELQDWLRQ�FLUFXLWV��RXWSXWV�DUH�MXVW�D�IXQFWLRQ�RI
WKH�LQSXWV�

q 1RZ��ZH�JHW�LQWR�FLUFXLWV�ZLWK�IHHGEDFN�
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6HTXHQWLDO�ORJLF�GLDJUDP

q %XW��KRZ�GR�ZH�NQRZ�WKDW�WKH�RXWSXWV�=���=Q�ZLOO�VWDELOL]H"�,VQ¶W�SRVVLEOH�WKDW
WKH�RXWSXWV�ZLOO�HQGOHVVO\�FKDQJH��QHYHU�UHDFKLQJ�D�VWDEOH�VWDWH"

q <HV��WKLV�FDQ�KDSSHQ��:H�ZLOO�KDYH�WR�PDNH�VXUH�WKDW�SHUSHWXDO�RVFLDOODWLRQ
GRHVQ¶W�KDSSHQ��XQOHVV�ZH�:$17�LW�WR�KDSSHQ����
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6HTXHQWLDO�ORJLF��ZKDW·V�WKH�SRLQW"

q %XW��IHHGEDFN�VHHPV�WR�PDNH�WKLQJV�PRUH�FRPSOLFDWHG��H�J���QHHG�WR�PDNH
VXUH�WKLQJV�GRQ¶W�RVFLOODWH���6R�ZKDW¶V�WKH�SRLQW"

q :HOO��IHHGLQJ�RXWSXWV�EDFN�LQWR�LQSXWV�OHWV�XV�GR�LQWHUHVWLQJ�WKLQJV��OLNH«
½ PHPRU\�
½ RVFLOODWLQJ�FLUFXLWV�
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([SHULPHQW�D�OLWWOH

q /HW¶V�VWDUW�H[SHULPHQWLQJ�ZLWK�IHHGEDFN�

q 7KLV�FLUFXLWV�RVFLOODWHV�EHFDXVH�WKHUH�DUH�DQ�RGG�QXPEHU�RI�LQYHUVLRQV�LQ�WKH
IHHGEDFN��6R«�ZKDW�KDSSHQV�LI�ZH�RQO\�KDYH�DQ�HYHQ�QXPEHU�RI�LQYHUVLRQV
LQ�WKH�IHHGEDFN"�/HW¶V�WDNH�D�ORRN�
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&DVFDGHG�LQYHUWHUV

q ,)�$�LV�³�´��WKHQ�%�LV�³�´��ZKLFK�IRUFHV�$�DJDLQ�WR�³�´��ZKLFK�IRUFHV�%�DJDLQ�WR
³�´��DQG�VR�RQ��7KXV��WKH�RXSXW�<�LV�³�´��DQG�VWD\V�³�´�IRUHYHU��7KLV�LV�D
VWHDG\�VWDWH��FRQWUDVW�WKLV�WR�WKH�RVFLOODWRU�\RX�GLG�LQ�\RXU�DVVLJQPHQW��

q 6LPLODUO\��,)�$�LV�³�´��WKHQ�<�ZLOO�VWD\�DW�³�´�IRUHYHU�

q :RZ��WKLV�ORRNV�OLNH�D�ELW�RI�PHPRU\��LI�\RX�LJQRUH�WKH�PDJLFDO�,)����

q %XW��ZDLW�D�VHFRQG«�+RZ�FDQ�WKLV�FLUFXLW�VWRUH�D�YDOXH�IRUHYHU��LW�GRHVQ¶W
VHHP�WR�EH�XVLQJ�DQ\�SRZHU��DIWHU�DOO�ZH�DUH�QRW�DSSO\LQJ�DQ\�LQSXWV���

q 7KLV�LV�D�FRPPRQ�IDOODF\��5HPHPEHU��ZH�GRQ¶W�GUDZ�WKH�SRZHU�VXSSOLHV��EXW
WKH\�DUH�$6680('�WR�EH�WKHUH�
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&DVFDGHG�LQYHUWHUV��FRQW·G�

q ,Q�GHVFULELQJ�WKLV�FLUFXLW��ZH�XVHG�WKH�PDJLFDO�,)��%XW�ZKDW�KDSSHQV�LI�\RX
EXLOG�WKLV�LQ�WKH�ODE"�:KLFK�VWDWH�ZLOO�LW�JR�LQ"�:LOO�LW�JR�LQWR�RQH�RI�WKH�WZR
VWDWHV�GHVFULEHG�EHIRUH��<� �³�´��RU�<� �³�´�"�2U�LV�WKHUH�D�SRVVLELOLW\�WKDW�$
DQG�%�ZLOO�MXVW�UHPDLQ�XQGHILQHG��PD\EH�ERWK�ZLOO�VWD\�DW�����9ROWV����

q :HOO��LQ�WKHRU\�WKLV�FLUFXLW�KDV�DQ�XQGHILQHG�EHKDYLRU��%XW�LI�\RX�EXLOG�LW��LW
:,//�JR�LQWR�RQH�RI�WKH�WZR�VWDWHV��:K\"
½ 6D\�WKH�FLUFXLW�ODQGV�LQ�DQ�XQGHILQHG�VWDWH��PD\EH�$ ����9ROWV��DQG�%� 
����9ROWV�

½ 7KH�RQO\�ZD\�\RX¶OO�VWD\�LQ�WKLV�VWDWH�LV�LI�\RX�DUH�LQ�SHUIHFW�HTXLOLEULXP�
½ %XW�WKHQ��DQ\�SHUWXUEDWLRQ�LQ�$�RU�%��FDXVHG�PD\EH�E\�HOHFWURPDJQHWLF
UDGLDWLRQ�IURP�WKH�PRRQ�����ZLOO�FDXVH�\RXU�FLUFXLW�WR�VSLUDO�WRZDUGV�RQH�RI
WKH�WZR�VWDWHV�

q :KDW¶V�ZRUVH�LV�WKDW�ZH�GRQ¶W�NQRZ�ZKDW�VWDWH�LW�ZLOO�JR�LQ��7KDW¶V�QRW
JRRG«�:H�QHHG�D�ZD\�WR�JXDUDQWHH�WKDW�ZH�ODQG�LQ�WKH�VWDWH�ZH�:$17�
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&DVFDGHG�LQYHUWHUV�ZLWK�´6HWµ

q 7KLQN�RI�WKH�VZLWFK�DV�D�SXVK�EXWWRQ��ZLWK�WKH�GHIDXOW�VWDWH�DV�VKRZQ��:KHQ
\RX�DFWLYDWH�WKH�EXWWRQ��LW�FRQQHFWV�D�³�´�WR�WKH�LQSXW�RI�WKH�ILUVW�LQYHUWHU�
:KHQ�\RX�UHOHDVH�WKH�EXWWRQ��LW�ERXQFHV�EDFN�WR�WKH�GHIDXOW�VWDWH�

q :KHQ�\RX�SXVK�WKH�EXWWRQ��WKH�ORRS�LV�EURNHQ��7KH�HIIHFW�LV�WKDW�LW�VHWV�<�WR
³�´��:KHQ�ZH�UHOHDVH�WKH�EXWWRQ��WKH�YDOXH�RI�³�´�DW�WKH�RXWSXW�UHPDLQV
WKHUH�

q :H¶OO�FDOO�WKLV�D�³6HW´��ZH¶UH�VHWWLQJ�WKH�RXWSXW«���7KLV�LV�JRRG��EXW�WKLV
PHDQV�ZH�FDQ�RQO\�VWRUH�D�³�´��:KDW�DERXW�D�³�´"
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&DVFDGHG�LQYHUWHUV�ZLWK�´6HWµ�DQG�´5HVHWµ

q $GG�D�³5HVHW´�VZLWFK��ZKLFK�PDNHV�WKH�RXWSXW�<�JR�WR����$JDLQ��ZKHQ�WKH
VZLWFK�LV�UHOHDVHG��<�VWD\V�DW���

q :KDW�KDSSHQV�LI�QRQH�RI�WKH�VZLWFKHV�DUH�SUHVVHG"�:HOO��WKH�YDOXH�RI�<�WKDW
ZDV�WKHUH�EHIRUH�ZLOO�VWD\�WKHUH��7KLV�LV�FDOOHG�D�³+ROG´�

q 6R��ZH�KDYH�D�RQH�ELW�RI�PHPRU\�WKDW�ZH�FDQ�VHW��UHVHW��RU�MXVW�OHDYH�DV�LV�

q 1RZ��SXVKLQJ�VZLWFKHV�LV�QRW�D�VFDODEOH�VROXWLRQ��:H�QHHG�WR�FRQWURO�RXU
PHPRU\�FHOO�ZLWK�GLJLWDO�VLJQDOV�
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&DVFDGHG�LQYHUWHUV�ZLWK�´6HWµ�DQG�´5HVHWµ

q 1RZ��WDNH�D�ORRN�DW�WKH�EODFN�ER[HV�DERYH��(DFK�KDV�WZR�LQSXWV��:KHQ�WKH
ILUVW�LQSXW�LV����WKH�RXWSXW�VKRXOG�JR�WR����ZKHUHDV�ZKHQ�WKH�ILUVW�LQSXW�LV���
WKHQ�WKH�RXWSXW�VKRXOG�EH�WKH�QHJDWLRQ�RI�WKH�VHFRQG�LQSXW��:KDW�LV�WKDW"
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&DVFDGHG�LQYHUWHUV�ZLWK�´6HWµ�DQG�´5HVHWµ

q 7KH�EODFN�ER[HV�DUH�125��6R�ZH�FDQ�UHGUDZ�WKH�FLUFXLW�ZLWK�125V�LQVWHDG�RI
WKH�EODFN�ER[HV�

Rearranging

and renaming
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&URVV�FRXSOHG�125�JDWHV

q 7KLV�LV�FDOOHG�DQ�56�ODWFK��:H�FDQ�EXLOG�D�WDEOH�WKDW�VKRZV�KRZ�WKLV�FLUFXLW
EHKDYHV�

S R Q
0 0 hold
0 1 0
1 0 1
1 1 ???

q :KDW�KDSSHQV�LQ�WKH������VWDWH"�$W�ILUVW��ERWK�<�DQG�<¶�ZLOO�EH����WKDW¶V
DOUHDG\�D�SUREOHP��VLQFH�WKDW�PHDQV�ZH�FDQ¶W�FDOO�WKHP�<�DQG�<¶������%XW�
WKHQ��LI�\RX�³UHOHDVH´�WKH�6�DQG�5�LQSXWV��WKXV��VHWWLQJ�6 ���DQG�5 ����<�DQG
<¶�ZLOO�RVFLOODWH��)RUHYHU�

q 6R«�:H�',6$//2:�WKLV�VWDWH�

CSE 370 - Fall 1999 - Introduction - 12

56�/DWFK

q 5�6�ODWFK�DOZD\V�VDPSOHV�LWV�LQSXWV�

q 7KDW�PHDQV�WKDW�D�JOLWFK�LQ�WKH�LQSXWV�LV�IDWDO��FDOOHG
WKH��¶V�FDWFKLQJ�SUREOHP���:RXOGQ¶W�LW�EH�JUHDW�LI�WKH
ODWFK�GLGQ¶W�DOZD\V�VDPSOH�LWV�LQSXWV"�7KDW�ZD\��ZH
ZRXOGQ¶W�EH�UHTXLUHG�WR�EXLOG�KD]DUG�IUHH�FLUFXLWV
�ZKLFK�OHVVHQV�QRW�RQO\�WKH�GHVLJQ�WLPH��EXW�DOVR�WKH
KDUGZDUH��

q )LUVW�DWWHPSW�DW�VROYLQJ�WKLV��XVH�DQ�HQDEOH�VLJQDO�
½ :KHQ�ODWFK�LV�HQDEOHG��6HW�DQG�5HVHW�ZRUN�
½ :KHQ�ODWFK�LV�GLVDEOHG��KROG�

Bubble introduction and
propagation

Note inverted inputs
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&DUU\�ORRNDKHDG�ORJLF

q &DUU\�JHQHUDWH���*L� �$L�%L
½ PXVW�JHQHUDWH�FDUU\�ZKHQ�$� �%� ��

q &DUU\�SURSDJDWH���3L� �$L�[RU�%L
½ FDUU\�LQ�ZLOO�HTXDO�FDUU\�RXW�KHUH

q 6XP�DQG�&RXW�FDQ�EH�UH�H[SUHVVHG�LQ�WHUPV�RI�JHQHUDWH�SURSDJDWH�
½ 6L  �$L�[RU�%L�[RU�&L

 �3L�[RU�&L
½ &L��  �*L���&L�3L
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&DUU\�ORRNDKHDG�ORJLF��FRQW·G�

q 5H�H[SUHVV�WKH�FDUU\�ORJLF�DV�IROORZV�
½ &�� �*����3��&�
½ &�� �*����3��&�� �*����3��*����3��3��&�
½ &�� �*����3��&�� �*����3��*����3��3��*����3��3��3��&�
½ &�� �*����3��&�� �*����3��*����3��3��*����3��3��3��*�
��������������������������������������������������������������������������������3��3��3��3��&�
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/RRNDKHDG�&DUU\�8QLW
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&DUU\�ORRNDKHDG�DGGHU
ZLWK�FDVFDGHG�FDUU\�ORRNDKHDG�ORJLF

q &DUU\�ORRNDKHDG�DGGHU
½ ��IRXU�ELW�DGGHUV�ZLWK�LQWHUQDO�FDUU\�ORRNDKHDG
½ VHFRQG�OHYHO�FDUU\�ORRNDKHDG�XQLW�H[WHQGV�ORRNDKHDG�WR����ELWV
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&DUU\�VHOHFW�DGGHU

q 5HGXQGDQW�KDUGZDUH�WR�PDNH�FDUU\�FDOFXODWLRQ�JR�IDVWHU
½ FRPSXWH�WZR�KLJK�RUGHU�VXPV�LQ�SDUDOOHO�ZKLOH�ZDLWLQJ�IRU�FDUU\�LQ
½ RQH�DVVXPLQJ�FDUU\�LQ�LV���DQG�DQRWKHU�DVVXPLQJ�FDUU\�LQ�LV��
½ VHOHFW�FRUUHFW�UHVXOW�RQFH�FDUU\�LQ�LV�ILQDOO\�FRPSXWHG


