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:HOFRPH�WR�&6(�����,QWURGXFWLRQ�WR�'LJLWDO�'HVLJQ

❚ &RXUVH�VWDII
❙ 0DUWLQ�'LFNH\��6RULQ�/HUQHU��:DQGD�+XQJ

❚ &RXUVH�ZHE
❙ ZZZ�FV�ZDVKLQJWRQ�HGX�HGXFDWLRQ�FRXUVHV�����

❚ 7KLV�ZHHN
❙ :KDW�LV�ORJLF�GHVLJQ"
❙ :KDW�LV�GLJLWDO�KDUGZDUH"
❙ :KDW�ZLOO�ZH�EH�GRLQJ�LQ�WKLV�FODVV"
❙ &ODVV�DGPLQLVWUDWLRQ��RYHUYLHZ�RI�FRXUVH�ZHE��DQG�ORJLVWLFV
❙ 3UHOLPLQDULHV��QXPEHU�UHSUHVHQWDWLRQ�V\VWHPV
❙ )XQGDPHQWDO�ORJLFDO�RSHUDWLRQV
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:K\�DUH�ZH�KHUH"

❚ )DLUO\�REYLRXV�UHDVRQV
❙ WKLV�FRXUVH�LV�SDUW�RI�WKH�&6�&RPS(�UHTXLUHPHQWV
❙ LW�LV�WKH�LPSOHPHQWDWLRQ�EDVLV�IRU�DOO�PRGHUQ�FRPSXWLQJ�GHYLFHV

❘ EXLOGLQJ�ODUJH�WKLQJV�IURP�VPDOO�FRPSRQHQWV

❚ /HVV�REYLRXV�UHDVRQV
❙ SURYLGH�DQRWKHU�PRGHO�RI�ZKDW�D�FRPSXWHU�LV
❙ WKH�LQKHUHQW�SDUDOOHOLVP�LQ�KDUGZDUH�LV�RIWHQ�RXU�ILUVW�H[SRVXUH�WR
SDUDOOHO�FRPSXWDWLRQ

❙ LW�RIIHUV�DQ�LQWHUHVWLQJ�FRXQWHUSRLQW�WR�VRIWZDUH�GHVLJQ�DQG�LV�WKHUHIRUH
XVHIXO�LQ�IXUWKHULQJ�RXU�XQGHUVWDQGLQJ�RI�FRPSXWDWLRQ��LQ�JHQHUDO
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:KDW�ZLOO�ZH�OHDUQ�LQ�&6(���"

❚ 7KH�ODQJXDJH�RI�ORJLF�GHVLJQ
❙ %RROHDQ�DOJHEUD��ORJLF�PLQLPL]DWLRQ��VWDWH��WLPLQJ��&$'�WRROV

❚ 7KH�FRQFHSW�RI�VWDWH�LQ�GLJLWDO�V\VWHPV
❙ DQDORJRXV�WR�YDULDEOHV�DQG�SURJUDP�FRXQWHUV�LQ�VRIWZDUH�V\VWHPV

❚ +RZ�WR�VSHFLI\�VLPXODWH�FRPSLOH�RXU�GHVLJQV
❙ KDUGZDUH�GHVFULSWLRQ�ODQJXDJHV
❙ WRROV�WR�VLPXODWH�WKH�ZRUNLQJV�RI�RXU�GHVLJQV
❙ ORJLF�FRPSLOHUV�WR�V\QWKHVL]H�WKH�KDUGZDUH�EORFNV�RI�RXU�GHVLJQV
❙ PDSSLQJ�RQWR�SURJUDPPDEOH�KDUGZDUH��FRGH�JHQHUDWLRQ�

❚ &RQWUDVW�ZLWK�VRIWZDUH�GHVLJQ
❙ ERWK�PDS�ZHOO�SRVHG�SUREOHPV�WR�SK\VLFDO�GHYLFHV
❙ ERWK�PXVW�EH�IODZOHVV«�\HW�KDUGZDUH�DQG�VRIWZDUH�IDLOXUH�PRGHV�DUH
QRW�DOO�WKH�VDPH

❘ ,V�KDUGZDUH�PRUH�UHOLDEOH�WKDQ�VRIWZDUH"��,I�VR��ZK\"
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$SSOLFDWLRQV�RI�ORJLF�GHVLJQ

❚ &RQYHQWLRQDO�FRPSXWHU�GHVLJQ
❙ &38V��EXVVHV��SHULSKHUDOV

❚ 1HWZRUNLQJ�DQG�FRPPXQLFDWLRQV
❙ SKRQHV��PRGHPV��URXWHUV

❚ (PEHGGHG�SURGXFWV
❙ LQ�FDUV��WR\V��DSSOLDQFHV��HQWHUWDLQPHQW�GHYLFHV

❚ 6FLHQWLILF�HTXLSPHQW
❙ WHVWLQJ��VHQVLQJ��UHSRUWLQJ

❚ 7KH�ZRUOG�RI�FRPSXWLQJ�LV�PXFK�PXFK�ELJJHU�WKDQ�MXVW�3&V�
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$�TXLFN�KLVWRU\�OHVVRQ

❚ ������*HRUJH�%RROH�LQYHQWV�%RROHDQ�DOJHEUD
❙ PDSV�ORJLFDO�SURSRVLWLRQV�WR�V\PEROV
❙ SHUPLWV�PDQLSXODWLRQ�RI�ORJLF�VWDWHPHQWV�XVLQJ�PDWKHPDWLFV

❚ ������&ODXGH�6KDQQRQ�OLQNV�%RROHDQ�DOJHEUD�WR�VZLWFKHV
❙ KLV�0DVWHUV¶�WKHVLV

❚ ������-RKQ�YRQ�1HXPDQQ�GHYHORSV�WKH�ILUVW�VWRUHG�SURJUDP�FRPSXWHU
❙ LWV�VZLWFKLQJ�HOHPHQWV�DUH�YDFXXP�WXEHV��D�ELJ�DGYDQFH�IURP�UHOD\V�

❚ ������(1,$&�������7KH�ZRUOG¶V�ILUVW�FRPSOHWHO\�HOHFWURQLF�FRPSXWHU
❙ �������YDFXXP�WXEHV
❙ VHYHUDO�KXQGUHG�PXOWLSOLFDWLRQV�SHU�PLQXWH

❚ ������6KRFNOH\��%ULWWDLQ��DQG�%DUGHHQ�LQYHQW�WKH�WUDQVLVWRU
❙ UHSODFHV�YDFXXP�WXEHV
❙ HQDEOH�LQWHJUDWLRQ�RI�PXOWLSOH�GHYLFHV�LQWR�RQH�SDFNDJH
❙ JDWHZD\�WR�PRGHUQ�HOHFWURQLFV
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:KDW�LV�ORJLF�GHVLJQ"

❚ :KDW�LV�GHVLJQ"
❙ JLYHQ�D�VSHFLILFDWLRQ�RI�D�SUREOHP��FRPH�XS�ZLWK�D�ZD\�RI�VROYLQJ�LW
FKRRVLQJ�DSSURSULDWHO\�IURP�D�FROOHFWLRQ�RI�DYDLODEOH�WHFKQLTXHV�DQG
FRPSRQHQWV��ZKLOH�PHHWLQJ�YDULRXV�FULWHULD�IRU�VL]H��FRVW��SRZHU��EHDXW\�
HOHJDQFH��HWF�

❚ :KDW�LV�ORJLF�GHVLJQ"
❙ GHWHUPLQLQJ�WKH�FROOHFWLRQ�RI�GLJLWDO�ORJLF�FRPSRQHQWV�WR�SHUIRUP�D
VSHFLILHG�FRQWURO�DQG�RU�GDWD�PDQLSXODWLRQ�DQG�RU�FRPPXQLFDWLRQ
IXQFWLRQ�DQG�WKH�LQWHUFRQQHFWLRQV�EHWZHHQ�WKHP

❙ ZKLFK�ORJLF�FRPSRQHQWV�WR�FKRRVH"�±�WKHUH�DUH�PDQ\�LPSOHPHQWDWLRQ
WHFKQRORJLHV��H�J���RII�WKH�VKHOI�IL[HG�IXQFWLRQ�FRPSRQHQWV�
SURJUDPPDEOH�GHYLFHV��WUDQVLVWRUV�RQ�D�FKLS��HWF��

❙ WKH�GHVLJQ�PD\�QHHG�WR�EH�RSWLPL]HG�DQG�RU�WUDQVIRUPHG�WR�PHHW�GHVLJQ
FRQVWUDLQWV
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VHQVH

VHQVH

GULYH
$1'

:KDW�LV�GLJLWDO�KDUGZDUH"

❚ &ROOHFWLRQ�RI�GHYLFHV�WKDW�VHQVH�DQG�RU�FRQWURO�ZLUHV�WKDW�FDUU\�D�GLJLWDO
YDOXH��L�H���D�SK\VLFDO�TXDQWLW\�WKDW�FDQ�EH�LQWHUSUHWHG�DV�D�³�´�RU�³�´�
❙ H[DPSOH��GLJLWDO�ORJLF�ZKHUH�YROWDJH������Y�LV�D�³�´�DQG�!����Y�LV�D�³�´
❙ H[DPSOH��SDLU�RI�WUDQVPLVVLRQ�ZLUHV�ZKHUH�D�³�´�RU�³�´�LV�GLVWLQJXLVKHG
E\�ZKLFK�ZLUH�KDV�D�KLJKHU�YROWDJH��GLIIHUHQWLDO�

❙ H[DPSOH��RULHQWDWLRQ�RI�PDJQHWL]DWLRQ�VLJQLILHV�D�³�´�RU�D�³�´

❚ 3ULPLWLYH�GLJLWDO�KDUGZDUH�GHYLFHV
❙ ORJLF�FRPSXWDWLRQ�GHYLFHV��VHQVH�DQG�GULYH�

❘ DUH�WZR�ZLUHV�ERWK�³�´���PDNH�DQRWKHU�EH�³�´��$1'�
❘ LV�DW�OHDVW�RQH�RI�WZR�ZLUHV�³�´���PDNH�DQRWKHU�EH�³�´��25�
❘ LV�D�ZLUH�³�´���WKHQ�PDNH�DQRWKHU�EH�³�´��127�

❙ PHPRU\�GHYLFHV��VWRUH�
❘ VWRUH�D�YDOXH
❘ UHFDOO�D�YDOXH�SUHYLRXVO\�VWRUHG
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:KDW�LV�KDSSHQLQJ�QRZ�LQ�GLJLWDO�GHVLJQ"

❚ %LJ�FKDQJH�LQ�WKH�ZD\�LQGXVWU\�GRHV�KDUGZDUH�GHVLJQ�RYHU�ODVW�IHZ�\HDUV
❙ ODUJHU�DQG�ODUJHU�GHVLJQV
❙ VKRUWHU�DQG�VKRUWHU�WLPH�WR�PDUNHW
❙ FKHDSHU�DQG�FKHDSHU�SURGXFWV

❚ 6FDOH
❙ SHUYDVLYH�XVH�RI�FRPSXWHU�DLGHG�GHVLJQ�WRROV�RYHU�KDQG�PHWKRGV
❙ PXOWLSOH�OHYHOV�RI�GHVLJQ�UHSUHVHQWDWLRQ

❚ 7LPH
❙ HPSKDVLV�RQ�DEVWUDFW�GHVLJQ�UHSUHVHQWDWLRQV
❙ SURJUDPPDEOH�UDWKHU�WKDQ�IL[HG�IXQFWLRQ�FRPSRQHQWV
❙ DXWRPDWLF�V\QWKHVLV�WHFKQLTXHV
❙ LPSRUWDQFH�RI�VRXQG�GHVLJQ�PHWKRGRORJLHV

❚ &RVW
❙ KLJKHU�OHYHOV�RI�LQWHJUDWLRQ
❙ XVH�RI�VLPXODWLRQ�WR�GHEXJ�GHVLJQV
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1HZ�DELOLW\��WR�DFFRPSOLVK�WKH�ORJLF�GHVLJQ�WDVN�ZLWK�WKH�DLG�RI�FRPSXWHU�DLGHG
GHVLJQ�WRROV�DQG�PDS�D�SUREOHP�GHVFULSWLRQ�LQWR�DQ�LPSOHPHQWDWLRQ�ZLWK
SURJUDPPDEOH�ORJLF�GHYLFHV�DIWHU�YDOLGDWLRQ�YLD�VLPXODWLRQ�DQG�XQGHUVWDQGLQJ
RI��WKH�DGYDQWDJHV�GLVDGYDQWDJHV�DV�FRPSDUHG�WR�D�VRIWZDUH�LPSOHPHQWDWLRQ

&6(������FRQFHSWV�VNLOOV�DELOLWLHV

❚ 8QGHUVWDQGLQJ�WKH�EDVLFV�RI�ORJLF�GHVLJQ��FRQFHSWV�

❚ 8QGHUVWDQGLQJ�VRXQG�GHVLJQ�PHWKRGRORJLHV��FRQFHSWV�

❚ 0RGHUQ�VSHFLILFDWLRQ�PHWKRGV��FRQFHSWV�

❚ )DPLOLDULW\�ZLWK�D�IXOO�VHW�RI�&$'�WRROV��VNLOOV�

❚ $SSUHFLDWLRQ�IRU�WKH�GLIIHUHQFHV�DQG�VLPLODULWLHV��DELOLWLHV�
LQ�KDUGZDUH�DQG�VRIWZDUH�GHVLJQ
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1RWHV�DERXW�WKH�FRXUVH

❚ ��/HFWXUHV����4��VHFWLRQ�SHU�ZHHN
❙ $WWHQGDQFH�LV�H[SHFWHG�
❙ 3DUWLFLSDWLRQ�LV�H[SHFWHG�
❙ 3OHDVH�UHDG�WH[WERRN�EHIRUH�FRPLQJ�WR�FODVV

❚ +RPHZRUN�VHWV
❙ 3UREOHPV�UDQJH�IURP�PHFKDQLFDO�WR�WKRXJKW�SURYRNLQJ
❙ *RRG�SUHS�IRU�WHVWV
❙ 2.�WR�ZRUN�LQ�SDLUV

❚ 4XL]]HV�DQG�ILQDO�H[DPV
❙ 1R�PDNH�XS��FDQ�GURS�RQH�TXL]
❙ 0RVWO\�FRYHU�FXUUHQW�PDWHULDO

❘ VRPH�FRPSUHKHQVLYH�TXHVWLRQV�RQ�)LQDO
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&RPSXWDWLRQ��DEVWUDFW�YV��LPSOHPHQWDWLRQ

❚ 8S�WR�QRZ��FRPSXWDWLRQ�KDV�EHHQ�D�PHQWDO�H[HUFLVH��SDSHU��SURJUDPV�

❚ 7KLV�FODVV�LV�DERXW�SK\VLFDOO\�LPSOHPHQWLQJ�FRPSXWDWLRQ�XVLQJ�SK\VLFDO
GHYLFHV�WKDW�XVH�YROWDJHV�WR�UHSUHVHQW�ORJLFDO�YDOXHV

❚ %DVLF�XQLWV�RI�FRPSXWDWLRQ�DUH�
❙ UHSUHVHQWDWLRQ� ���������RQ�D�ZLUH

VHW�RI�ZLUHV��H�J���IRU�ELQDU\�LQWHJHUV�
❙ DVVLJQPHQW� [�� ��\
❙ GDWD�RSHUDWLRQV� [���\�±��
❙ FRQWURO�

VHTXHQWLDO�VWDWHPHQWV�� $��%��&
FRQGLWLRQDOV� LI���[�  �����WKHQ���\
ORRSV� IRU���L� �����L�  �����L���
SURFHGXUHV� $��SURF�������%�

❚ :H�ZLOO�VWXG\�KRZ�HDFK�RI�WKHVH�DUH�LPSOHPHQWHG�LQ�KDUGZDUH�DQG
FRPSRVHG�LQWR�FRPSXWDWLRQDO�VWUXFWXUHV

1/10/00 CSE 370 - Winter 2000 - Introduction - 12

FORVH�VZLWFK��LI�$�LV�³�´�RU�DVVHUWHG�

DQG�WXUQ�RQ�OLJKW�EXOE��=�

$ =

RSHQ�VZLWFK��LI�$�LV�³�´�RU�XQDVVHUWHG�

DQG�WXUQ�RII�OLJKW�EXOE��=�

6ZLWFKHV��EDVLF�HOHPHQW�RI�SK\VLFDO
LPSOHPHQWDWLRQV

❚ ,PSOHPHQWLQJ�D�VLPSOH�FLUFXLW��DUURZ�VKRZV�DFWLRQ�LI�ZLUH�FKDQJHV�WR�³�´��

=��≡��$

$
=
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$1'

25

=�≡��$�DQG�%

=�≡��$�RU�%�
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$
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6ZLWFKHV��FRQW·G�

❚ &RPSRVH�VZLWFKHV�LQWR�PRUH�FRPSOH[�RQHV��%RROHDQ�IXQFWLRQV��
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6ZLWFKLQJ�QHWZRUNV

❚ 6ZLWFK�VHWWLQJV
❙ GHWHUPLQH�ZKHWKHU�RU�QRW�D�FRQGXFWLQJ�SDWK�H[LVWV�WR�OLJKW
WKH�OLJKW�EXOE

❚ 7R�EXLOG�ODUJHU�FRPSXWDWLRQV
❙ XVH�D�OLJKW�EXOE��RXWSXW�RI�WKH�QHWZRUN��WR�VHW�RWKHU�VZLWFKHV��LQSXWV�WR
DQRWKHU�QHWZRUN��

❚ &RQQHFW�WRJHWKHU�VZLWFKLQJ�QHWZRUNV
❙ WR�FRQVWUXFW�ODUJHU��VZLWFKLQJ�QHWZRUNV��L�H���WKHUH�LV�D�ZD\�WR�FRQQHFW
RXWSXWV�RI�RQH�QHWZRUN�WR�WKH�LQSXWV�RI�WKH�QH[W�
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VFRSH�RI�&6(����

5HSUHVHQWDWLRQ�OHYHOV�RI�GLJLWDO�GHVLJQV

❚ 3K\VLFDO�GHYLFHV��WUDQVLVWRUV���UHOD\V�

❚ 6ZLWFKHV

❚ 7UXWK�WDEOHV

❚ %RROHDQ�DOJHEUD

❚ *DWHV

❚ :DYHIRUPV

❚ )LQLWH�VWDWH�EHKDYLRU

❚ 5HJLVWHU�WUDQVIHU�EHKDYLRU

❚ &RQFXUUHQW�DEVWUDFW�VSHFLILFDWLRQV
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'LJLWDO�YV��DQDORJ

❚ ,W�LV�FRQYHQLHQW�WR�WKLQN�RI�GLJLWDO�V\VWHPV�DV�KDYLQJ�RQO\�GLVFUHWH��GLJLWDO�
LQSXW�RXWSXW�YDOXHV

❚ ,Q�UHDOLW\��UHDO�HOHFWURQLF�FRPSRQHQWV�H[KLELW�FRQWLQXRXV��DQDORJ��EHKDYLRU

❚ :K\�GR�ZH�PDNH�WKLV�DEVWUDFWLRQ"
❙

❙

❚ :K\�GRHV�LW�ZRUN"
❙
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7HFKQRORJ\ ��6WDWH�� ���6WDWH��

5HOD\�ORJLF &LUFXLW�2SHQ &LUFXLW�&ORVHG
&026�ORJLF ��������YROWV ��������YROWV
7UDQVLVWRU�WUDQVLVWRU�ORJLF��77/� ��������YROWV ��������YROWV
)LEHU�2SWLFV /LJKW�RII /LJKW�RQ
'\QDPLF�5$0 'LVFKDUJHG�FDSDFLWRU &KDUJHG�FDSDFLWRU
1RQYRODWLOH�PHPRU\��HUDVDEOH� 7UDSSHG�HOHFWURQV 1R�WUDSSHG�HOHFWURQV
3URJUDPPDEOH�520 )XVH�EORZQ )XVH�LQWDFW
%XEEOH�PHPRU\ 1R�PDJQHWLF�EXEEOH %XEEOH�SUHVHQW
0DJQHWLF�GLVN 1R�IOX[�UHYHUVDO )OX[�UHYHUVDO
&RPSDFW�GLVF 1R�SLW 3LW

0DSSLQJ�IURP�SK\VLFDO�ZRUOG�WR�ELQDU\�ZRUOG
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LQSXWV RXWSXWVV\VWHP

&RPELQDWLRQDO�YV��VHTXHQWLDO�GLJLWDO�FLUFXLWV

❚ $�VLPSOH�PRGHO�RI�D�GLJLWDO�V\VWHP�LV�D�XQLW�ZLWK�LQSXWV�DQG�RXWSXWV�

❚ &RPELQDWLRQDO�PHDQV��PHPRU\�OHVV�
❙ D�GLJLWDO�FLUFXLW�LV�FRPELQDWLRQDO�LI�LWV�RXWSXW�YDOXHV
RQO\�GHSHQG�RQ�LWV�LQSXW�YDOXHV
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HDV\�WR�LPSOHPHQW
ZLWK�&026�WUDQVLVWRUV
�WKH�VZLWFKHV�ZH�KDYH
DYDLODEOH�DQG�XVH�PRVW�

&RPELQDWLRQDO�ORJLF�V\PEROV

❚ &RPPRQ�FRPELQDWLRQDO�ORJLF�V\VWHPV�KDYH�VWDQGDUG�V\PEROV�FDOOHG
ORJLF�JDWHV

❙ %XIIHU��127

❙ $1'��1$1'

❙ 25��125
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6HTXHQWLDO�ORJLF

❚ 6HTXHQWLDO�V\VWHPV
❙ H[KLELW�EHKDYLRUV��RXWSXW�YDOXHV��WKDW�GHSHQG�QRW�RQO\
RQ�WKH�FXUUHQW�LQSXW�YDOXHV��EXW�DOVR�RQ�SUHYLRXV�LQSXW�YDOXHV

❚ ,Q�UHDOLW\��DOO�UHDO�FLUFXLWV�DUH�VHTXHQWLDO
❙ EHFDXVH�WKH�RXWSXWV�GR�QRW�FKDQJH�LQVWDQWDQHRXVO\�DIWHU�DQ�LQSXW�FKDQJH
❙ ZK\�QRW��DQG�ZK\�LV�LW�WKHQ�VHTXHQWLDO"

❚ $�IXQGDPHQWDO�DEVWUDFWLRQ�RI�GLJLWDO�GHVLJQ�LV�WR�UHDVRQ��PRVWO\��DERXW
VWHDG\�VWDWH�EHKDYLRUV
❙ ORRN�DW�WKH�RXWSXWV�RQO\�DIWHU�VXIILFLHQW�WLPH�KDV�HODSVHG�IRU�WKH�V\VWHP
WR�PDNH�LWV�UHTXLUHG�FKDQJHV�DQG�VHWWOH�GRZQ
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6\QFKURQRXV�VHTXHQWLDO�GLJLWDO�V\VWHPV

❚ 2XWSXWV�RI�D�FRPELQDWLRQDO�FLUFXLW�GHSHQG�RQO\�RQ�FXUUHQW�LQSXWV
❙ DIWHU�VXIILFLHQW�WLPH�KDV�HODSVHG

❚ 6HTXHQWLDO�FLUFXLWV�KDYH�PHPRU\
❙ HYHQ�DIWHU�ZDLWLQJ�IRU�WKH�WUDQVLHQW�DFWLYLW\�WR�ILQLVK

❚ 7KH�VWHDG\�VWDWH�DEVWUDFWLRQ�LV�VR�XVHIXO�WKDW�PRVW�GHVLJQHUV�XVH�D�IRUP�RI
LW�ZKHQ�FRQVWUXFWLQJ�VHTXHQWLDO�FLUFXLWV�
❙ WKH�PHPRU\�RI�D�V\VWHP�LV�UHSUHVHQWHG�DV�LWV�VWDWH
❙ FKDQJHV�LQ�V\VWHP�VWDWH�DUH�RQO\�DOORZHG�WR�RFFXU�DW�VSHFLILF�WLPHV
FRQWUROOHG�E\�DQ�H[WHUQDO�SHULRGLF�FORFN

❙ WKH�FORFN�SHULRG�LV�WKH�WLPH�WKDW�HODSVHV�EHWZHHQ�VWDWH�FKDQJHV�LW�PXVW
EH�VXIILFLHQWO\�ORQJ�VR�WKDW�WKH�V\VWHP�UHDFKHV�D�VWHDG\�VWDWH�EHIRUH
WKH�QH[W�VWDWH�FKDQJH�DW�WKH�HQG�RI�WKH�SHULRG
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B

A
C

Clock

([DPSOH�RI�FRPELQDWLRQDO�DQG�VHTXHQWLDO�ORJLF

❚ &RPELQDWLRQDO�
❙ LQSXW�$��%
❙ ZDLW�IRU�FORFN�HGJH
❙ REVHUYH�&
❙ ZDLW�IRU�DQRWKHU�FORFN�HGJH
❙ REVHUYH�&�DJDLQ��ZLOO�VWD\�WKH�VDPH

❚ 6HTXHQWLDO�
❙ LQSXW�$��%
❙ ZDLW�IRU�FORFN�HGJH
❙ REVHUYH�&
❙ ZDLW�IRU�DQRWKHU�FORFN�HGJH
❙ REVHUYH�&�DJDLQ��PD\�EH�GLIIHUHQW
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$EVWUDFWLRQV

❚ 6RPH�ZH
YH�VHHQ�DOUHDG\
❙ GLJLWDO�LQWHUSUHWDWLRQ�RI�DQDORJ�YDOXHV
❙ WUDQVLVWRUV�DV�VZLWFKHV
❙ VZLWFKHV�DV�ORJLF�JDWHV
❙ XVH�RI�D�FORFN�WR�UHDOL]H�D�V\QFKURQRXV�VHTXHQWLDO�FLUFXLW

❚ 6RPH�RWKHUV�ZH�ZLOO�VHH
❙ WUXWK�WDEOHV�DQG�%RROHDQ�DOJHEUD�WR�UHSUHVHQW�FRPELQDWLRQDO�ORJLF
❙ HQFRGLQJ�RI�VLJQDOV�ZLWK�PRUH�WKDQ�WZR�ORJLFDO�YDOXHV�LQWR�ELQDU\�IRUP
❙ VWDWH�GLDJUDPV�WR�UHSUHVHQW�VHTXHQWLDO�ORJLF
❙ KDUGZDUH�GHVFULSWLRQ�ODQJXDJHV�WR�UHSUHVHQW�GLJLWDO�ORJLF
❙ ZDYHIRUPV�WR�UHSUHVHQW�WHPSRUDO�EHKDYLRU

1/10/00 CSE 370 - Winter 2000 - Introduction - 24

$Q�H[DPSOH

❚ &DOHQGDU�VXEV\VWHP��QXPEHU�RI�GD\V�LQ�D�PRQWK��WR�FRQWURO�ZDWFK�GLVSOD\�
❙ XVHG�LQ�FRQWUROOLQJ�WKH�GLVSOD\�RI�D�ZULVW�ZDWFK�/&'�VFUHHQ

❙ LQSXWV��PRQWK��OHDS�\HDU�IODJ
❙ RXWSXWV��QXPEHU�RI�GD\V
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,PSOHPHQWDWLRQ�LQ�VRIWZDUH

integer number_of_days ( month, leap_year_flag) {
switch (month) {

case 1: return (31);
case 2: if (leap_year_flag == 1) then return (29)
else return (28);

case 3: return (31);
...
case 12: return (31);
default: return (0);

}

}
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OHDSPRQWK

�� �� �� ��PRQWK OHDS �� �� �� ��
���� ± � � � �
���� � � � � �
���� � � � � �
���� ± � � � �
���� ± � � � �
���
���� ± � � � �
���� ± ± ± ± ±
���± ± ± ± ± ±
���� ± ± ± ± ±

,PSOHPHQWDWLRQ�DV�D
FRPELQDWLRQDO�GLJLWDO�V\VWHP

❚ (QFRGLQJ�
❙ KRZ�PDQ\�ELWV�IRU�HDFK�LQSXW�RXWSXW"
❙ ELQDU\�QXPEHU�IRU�PRQWK
❙ IRXU�ZLUHV�IRU�������������DQG���

❚ %HKDYLRU�
❙ FRPELQDWLRQDO
❙ WUXWK�WDEOH
VSHFLILFDWLRQ
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V\PERO�
IRU�DQG

V\PERO�
IRU�RU V\PERO�

IRU�QRW

&RPELQDWLRQDO�H[DPSOH��FRQW·G�

❚ 7UXWK�WDEOH�WR�ORJLF�WR�VZLWFKHV�WR�JDWHV
❙ ��� ���ZKHQ�PRQWK �����DQG�OHDS �
❙ ��� �P�
�P�
�P��P�
�OHDS


❙ ��� ���ZKHQ�PRQWK �����RU�PRQWK �����RU�����PRQWK ����
❙ ��� ��P�
�P�
�P�
�P������P�
�P�
�P��P����������P��P��P�
�P�
�
❙ ��� �FDQ�ZH�VLPSOLI\�PRUH"

PRQWK OHDS �� �� �� ��
���� ± � � � �
���� � � � � �
���� � � � � �
���� ± � � � �
���� ± � � � �
���
���� ± � � � �
���� ± ± ± ± ±
���± ± ± ± ± ±
���� ± ± ± ± ±
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$QRWKHU�H[DPSOH

❚ 'RRU�FRPELQDWLRQ�ORFN�
❙ SXQFK�LQ���YDOXHV�LQ�VHTXHQFH�DQG�WKH�GRRU�RSHQV��LI�WKHUH�LV�DQ�HUURU
WKH�ORFN�PXVW�EH�UHVHW��RQFH�WKH�GRRU�RSHQV�WKH�ORFN�PXVW�EH�UHVHW

❙ LQSXWV��VHTXHQFH�RI�LQSXW�YDOXHV��UHVHW
❙ RXWSXWV��GRRU�RSHQ�FORVH
❙ PHPRU\��PXVW�UHPHPEHU�FRPELQDWLRQ

RU�DOZD\V�KDYH�LW�DYDLODEOH�DV�DQ�LQSXW
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,PSOHPHQWDWLRQ�LQ�VRIWZDUH

integer combination_lock ( ) {
integer v1, v2, v3;
integer error = 0;
static integer c[3] = 3, 4, 2;

while (!new_value( ));
v1 = read_value( );
if (v1 != c[1]) then error = 1;

while (!new_value( ));
v2 = read_value( );
if (v2 != c[2]) then error = 1;

while (!new_value( ));
v3 = read_value( );
if (v2 != c[3]) then error = 1;

if (error == 1) then return(0); else return (1);

}
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,PSOHPHQWDWLRQ�DV�D�VHTXHQWLDO�GLJLWDO�V\VWHP

❚ (QFRGLQJ�
❙ KRZ�PDQ\�ELWV�SHU�LQSXW�YDOXH"
❙ KRZ�PDQ\�YDOXHV�LQ�VHTXHQFH"
❙ KRZ�GR�ZH�NQRZ�D�QHZ�LQSXW�YDOXH�LV�HQWHUHG"
❙ KRZ�GR�ZH�UHSUHVHQW�WKH�VWDWHV�RI�WKH�V\VWHP"

❚ %HKDYLRU�
❙ FORFN�ZLUH�WHOOV�XV�ZKHQ�LW¶V�RN�WR�ORRN�DW�LQSXWV
�L�H���WKH\�KDYH�VHWWOHG�DIWHU�FKDQJH�

❙ VHTXHQWLDO��VHTXHQFH�RI�YDOXHV�PXVW�EH�HQWHUHG
❙ VHTXHQWLDO��UHPHPEHU�LI�DQ�HUURU�RFFXUUHG
❙ ILQLWH�VWDWH�VSHFLILFDWLRQ

UHVHWYDOXH

RSHQ�FORVHG

QHZ

FORFN
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FORVHG FORVHGFORVHG
&� YDOXH
	�QHZ

&� YDOXH
	�QHZ

&� YDOXH
	�QHZ

&�� YDOXH
	�QHZ &�� YDOXH

	�QHZ
&�� YDOXH
	�QHZ

FORVHG

UHVHW

QRW�QHZQRW�QHZQRW�QHZ

6� 6� 6� 23(1

(55

RSHQ

6HTXHQWLDO�H[DPSOH��FRQW·G��
DEVWUDFW�FRQWURO

❚ )LQLWH�VWDWH�GLDJUDP
❙ VWDWHV����VWDWHV

❘ UHSUHVHQW�SRLQW�LQ�H[HFXWLRQ�RI�PDFKLQH
❘ HDFK�VWDWH�KDV�RXWSXWV

❙ WUDQVLWLRQV����IURP�VWDWH�WR�VWDWH����VHOI�WUDQVLWLRQV����JOREDO
❘ FKDQJHV�RI�VWDWH�RFFXU�ZKHQ�FORFN�VD\V�LW¶V�RN
❘ EDVHG�RQ�YDOXH�RI�LQSXWV

❙ LQSXWV��UHVHW��QHZ��UHVXOWV�RI�FRPSDULVRQV
❙ RXWSXW��RSHQ�FORVHG
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reset

open/closed

new

C1 C2 C3

comparator

value

equal

multiplexer

equal

controller
mux 
control

clock

6HTXHQWLDO�H[DPSOH��FRQW·G��
GDWD�SDWK�YV��FRQWURO

❚ ,QWHUQDO�VWUXFWXUH
❙ GDWD�SDWK

❘ VWRUDJH�IRU�FRPELQDWLRQ
❘ FRPSDUDWRUV

❙ FRQWURO
❘ ILQLWH�VWDWH�PDFKLQH�FRQWUROOHU
❘ FRQWURO�IRU�GDWD�SDWK
❘ VWDWH�FKDQJHV�FRQWUROOHG�E\�FORFN
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FORVHG

FORVHG
PX[ &�UHVHW HTXDO

	�QHZ

QRW�HTXDO
	�QHZ

QRW�HTXDO
	�QHZ

QRW�HTXDO
	�QHZ

QRW�QHZQRW�QHZQRW�QHZ

6� 6� 6� 23(1

(55

FORVHG
PX[ &� HTXDO

	�QHZ

FORVHG
PX[ &� HTXDO

	�QHZ

RSHQ

UHVHW QHZ HTXDO VWDWH VWDWH PX[ RSHQ�FORVHG
� ± ± ± 6� &� FORVHG
� � ± 6� 6� &� FORVHG
� � � 6� (55 ± FORVHG
� � � 6� 6� &� FORVHG
���
� � � 6� 23(1 ± RSHQ
���

QH[W

6HTXHQWLDO�H[DPSOH��FRQW·G��
ILQLWH�VWDWH�PDFKLQH

❚ )LQLWH�VWDWH�PDFKLQH
❙ UHILQH�VWDWH�GLDJUDP�WR�LQFOXGH�LQWHUQDO�VWUXFWXUH

❙ JHQHUDWH�VWDWH�WDEOH��PXFK�OLNH�D�WUXWK�WDEOH�
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UHVHW QHZ HTXDO VWDWH VWDWH PX[ RSHQ�FORVHG
� ± ± ± ���� ��� �
� � ± ���� ���� ��� �
� � � ���� ���� ± �
� � � ���� ���� ��� �
���
� � � ���� ���� ± �
���

QH[W JRRG�FKRLFH�RI�HQFRGLQJ�

PX[�LV�LGHQWLFDO�WR�
ODVW���ELWV�RI�VWDWH

RSHQ�FORVHG�LV
LGHQWLFDO�WR�ILUVW�ELW
RI�VWDWH

6HTXHQWLDO�H[DPSOH��FRQW·G��
HQFRGLQJ

❚ (QFRGH�VWDWH�WDEOH
❙ VWDWH�FDQ�EH��6���6���6���23(1��RU�(55

❘ QHHGV�DW�OHDVW���ELWV�WR�HQFRGH�������������������������
❘ DQG�DV�PDQ\�DV�������������������������������������
❘ FKRRVH���ELWV������������������������������

❙ RXWSXW�PX[�FDQ�EH��&���&���RU�&�
❘ QHHGV���WR���ELWV�WR�HQFRGH
❘ FKRRVH���ELWV���������������

❙ RXWSXW�RSHQ�FORVHG�FDQ�EH��RSHQ�RU�FORVHG
❘ QHHGV���RU���ELWV�WR�HQFRGH
❘ FKRRVH���ELWV������
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UHVHW

RSHQ�FORVHG

QHZ HTXDO

FRQWUROOHU
PX[�
FRQWURO

FORFN

UHVHW

RSHQ�FORVHG

QHZ HTXDO

PX[�
FRQWURO

FORFN

FRPE��ORJLF

VWDWH

VSHFLDO�FLUFXLW�HOHPHQW��
FDOOHG�D�UHJLVWHU��IRU�
UHPHPEHULQJ�LQSXWV
ZKHQ�WROG�WR�E\�FORFN

6HTXHQWLDO�H[DPSOH��FRQW·G��
FRQWUROOHU�LPSOHPHQWDWLRQ

❚ ,PSOHPHQWDWLRQ�RI�WKH�FRQWUROOHU
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V\VWHP

GDWD�SDWK FRQWURO

VWDWH
UHJLVWHUV

FRPELQDWLRQDO
ORJLF

PXOWLSOH[HU FRPSDUDWRU
FRGH

UHJLVWHUV

UHJLVWHU ORJLF

VZLWFKLQJ
QHWZRUNV

'HVLJQ�KLHUDUFK\
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6XPPDU\

❚ 7KDW�ZDV�ZKDW�WKH�HQWLUH�FRXUVH�LV�DERXW
❙ FRQYHUWLQJ�VROXWLRQV�WR�SUREOHPV�LQWR�FRPELQDWLRQDO�DQG�VHTXHQWLDO
QHWZRUNV�HIIHFWLYHO\�RUJDQL]LQJ�WKH�GHVLJQ�KLHUDUFKLFDOO\

❙ GRLQJ�VR�ZLWK�D�PRGHUQ�VHW�RI�GHVLJQ�WRROV�WKDW�OHWV�XV�KDQGOH�ODUJH
GHVLJQV�HIIHFWLYHO\

❙ WDNLQJ�DGYDQWDJH�RI�RSWLPL]DWLRQ�RSSRUWXQLWLHV

❚ 1RZ�OHWV�GR�LW�DJDLQ
❙ WKLV�WLPH�ZH
OO�WDNH�QLQH�ZHHNV
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7KH�EDVLFV→�HOHFWURQLFV

❚ 5HVLVWRU
❙ 2KP¶V�ODZ→�9 ,5

❘ 9≡YROWDJH��,≡FXUUHQW��5≡UHVLVWDQFH
❚ &DSDFLWRU

❙ , &�G9�GW�
❘ &≡FDSDFLWDQFH

❙ 1R�'&�FXUUHQW�SDWK
❙ 9ROWDJH�FDQQRW�FKDQJH�LQVWDQWDQHRXVO\

❚ 026�7UDQVLVWRUV
❙ 8VHG�DV�VZLWFKHV
❙ 3DVV�ELQDU\�YROWDJHV
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7KH�EDVLFV→�ELQDU\�QXPEHUV

❚ %DVH�FRQYHUVLRQ��ELQDU\��RFWDO��GHFLPDO��KH[DGHFLPDO�
❙ 3RVLWLRQDO�QXPEHU�V\VWHP

❘ ���
�
 �

��

❘ ���
�
 ��

��

❘ ���
��
 ���

��

❙ &RQYHUVLRQ�EHWZHHQ�ELQDU\�RFWDO�KH[
❘ %LQDU\��������������
❘ 2FWDO��������_�����_�����_���� ����

�

❘ +H[�����������_������_����� �)�
��

❚ $GGLWLRQ�DQG�VXEWUDFWLRQ�DUH�WULYLDO��EXW�ZRUWK�SUDFWLFLQJ
❙ 6HH�.DW]��DSSHQGL[�$
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7KH�EDVLFV→�EDVH�FRQYHUVLRQ

❚ &RQYHUVLRQ�IURP�GHFLPDO�WR�ELQDU\�RFWDO�KH[

❚ :K\�GRHV�WKLV�ZRUN"
❙ 1 ��

��
 ������

�

❙ 4 1�� ���� �������� ������UHPDLQGHU��

❚ (DFK�VXFFHVVLYH�GLYLGH�OLEHUDWHV�DQ�/6%

Binary
Quotient Remainder

56÷2= 28 0
28÷2= 14 0
14÷2= 7 0
7÷2= 3 1
3÷2= 1 1
1÷2= 0 1

Octal
Quotient Remainder

56÷8= 7 0
7÷8= 0 7

5610=1110002

5610=708
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1XPEHU�V\VWHPV

❚ +RZ�GR�ZH�ZULWH�QHJDWLYH�ELQDU\�QXPEHUV"

❚ +LVWRULFDOO\��7KUHH�DSSURDFKHV
❙ 6LJQ�DQG�PDJQLWXGH
❙ 2QHV�FRPSOHPHQW
❙ 7ZRV�FRPSOHPHQW

❚ 7ZRV�FRPSOHPHQW�PDNHV�DGGLWLRQ�DQG�VXEWUDFWLRQ�HDV\
❙ 8VHG�DOPRVW�XQLYHUVDOO\�LQ�SUHVHQW�GD\�V\VWHPV
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Add Subtract Compare and subtract

4 0100 4 0100 0100 – 4 1100 1100
+ 3 + 0011 – 3 + 1011 – 0011 + 3 + 0011 – 0011
= 7 = 0111 = 1 ≠ 1111 = 0001 – 1 ≠ 1111 = 1001

$SSURDFK����6LJQ�DQG�PDJQLWXGH

❚ 7KH�PRVW�VLJQLILFDQW�ELW��PVE��LV�WKH�VLJQ�GLJLW
❙ ��≡�SRVLWLYH
❙ ��≡�QHJDWLYH

❚ 7KH�UHPDLQLQJ�ELWV�DUH�WKH�QXPEHU¶V�PDJQLWXGH

❚ 3UREOHP����7ZR�UHSUHVHQWDWLRQV�IRU�]HUR
❙ �� ������DQG�DOVR�±�� �����

❚ 3UREOHP����$ULWKPHWLF�LV�FXPEHUVRPH
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$SSURDFK����2QHV�FRPSOHPHQW

❚ 1HJDWLYH�QXPEHU��%LWZLVH�FRPSOHPHQW�RI�SRVLWLYH�QXPEHU
❙ �����≡��

��

❙ �����≡�±�
��

❚ 6ROYHV�WKH�DULWKPHWLF�SUREOHP

❚ 5HPDLQLQJ�SUREOHP��7ZR�UHSUHVHQWDWLRQV�IRU�]HUR
❙ �� ������DQG�DOVR�±�� �����

Add Invert, add, add carry Invert and add

4 0100 4 0100 – 4 1011
+ 3 + 0011 – 3 + 1100 + 3 + 0011
= 7 = 0111 = 1 1 0000 – 1 1110

add carry: +1
= 0001
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$SSURDFK����7ZRV�FRPSOHPHQW

❚ 1HJDWLYH�QXPEHU��%LWZLVH�FRPSOHPHQW�SOXV�RQH
❙ �����≡��

��

❙ �����≡�±�
��

❚ 1XPEHU�ZKHHO
0000

0001

0011

1111

1110

1100

1011

1010

1000 0111

0110

0100

0010

0101

1001

1101

0

+ 1

+ 2

+ 3

+ 4

+ 5

+ 6

+ 7– 8

– 7

– 6

– 5

– 4

– 3

– 2

– 1

❚ 2QO\�RQH�]HUR�

❚ PVE�LV�WKH�VLJQ�GLJLW
❙ ��≡�SRVLWLYH
❙ ��≡�QHJDWLYH
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7ZRV�FRPSOHPHQW��FRQ·W�

❚ &RPSOHPHQWLQJ�D�FRPSOHPHQW�UHVWRUHV�WKH�RULJLQDO�QXPEHU

❚ $ULWKPHWLF�LV�HDV\
❙ :H�LJQRUH�WKH�FDUU\

❘ 6DPH�DV�D�IXOO�URWDWLRQ�DURXQG�WKH�ZKHHO

❙ 6XEWUDFWLRQ� �QHJDWLRQ�DQG�DGGLWLRQ
❘ (DV\�WR�LPSOHPHQW�LQ�KDUGZDUH

Add Invert and add Invert and add

4 0100 4 0100 – 4 1100
+ 3 + 0011 – 3 + 1101 + 3 + 0011
= 7 = 0111 = 1 1 0001 – 1 1111

drop carry = 0001
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2YHUIORZ

❚ &RQGLWLRQV��6LJQ�ELW�FKDQJHV
❙ 6XPPLQJ�WZR�SRVLWLYH�QXPEHUV�JLYHV�D�QHJDWLYH�UHVXOW
❙ 6XPPLQJ�WZR�QHJDWLYH�QXPEHUV�JLYHV�D�SRVLWLYH�UHVXOW

0000
0001

0011

1111
1110

1100

1011
1010

1000 0111
0110

0100

0010

0101
1001

1101

0
+ 1

+ 2

+ 3

+ 4

+ 5

+ 6
+ 7– 8

– 7

– 6

– 5

– 4

– 3

– 2
– 1

0000
0001

0011

1111
1110

1100

1011
1010

1000 0111
0110

0100

0010

0101
1001

1101

0
+ 1

+ 2

+ 3

+ 4

+ 5

+ 6
+ 7– 8

– 7

– 6

– 5

– 4

– 3

– 2
– 1

6 + 4 ⇒ –6 –7 – 3 ⇒ +6
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1H[W�VXEMHFW��&RPELQDWLRQDO�ORJLF

❚ /RJLF�IXQFWLRQV�DQG�WUXWK�WDEOHV
❙ $1'��25��%XIIHU��1$1'��125��127��;25��;125

❚ *DWH�ORJLF
❙ 1HWZRUNV�RI�%RROHDQ�IXQFWLRQV

❚ $[LRPV�DQG�WKHRUHPV�RI�%RROHDQ�DOJHEUD

❚ &DQRQLFDO�IRUPV
❙ 6XP�RI�SURGXFWV�DQG�SURGXFW�RI�VXPV

❚ 6LPSOLILFDWLRQ
❙ %RROHDQ�FXEHV�DQG�.DUQDXJK�PDSV
❙ 7ZR�OHYHO�VLPSOLILFDWLRQ
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X Y
0 0
1 1

X Y

X Y Z
0 0 0
0 1 0
1 0 0
1 1 1

X
Y Z

X Y Z
0 0 0
0 1 1
1 0 1
1 1 1

X

Y
Z

/RJLF�IXQFWLRQV�DQG�WUXWK�WDEOHV

❚ $1' ;���< ;<

❚ 25 ;���<

❚ %XIIHU ;

❚ 127 ;


X
X Y
0 1
1 0

X Y
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X
Y

Z

X Y Z
0 0 1
0 1 1
1 0 1
1 1 0

X Y Z
0 0 1
0 1 0
1 0 0
1 1 0

Z
X

Y

X

Y
Z

X Y Z
0 0 0
0 1 1
1 0 1
1 1 0

X Y Z
0 0 1
0 1 0
1 0 0
1 1 1

Z
X
Y

/RJLF�IXQFWLRQV�DQG�WUXWK�WDEOHV��FRQ·W�

❚ 1$1'

❚ 125

❚ ;25

❚ ;125

X Y• XY

X Y+

X Y⊕

X Y⊕
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6RPH�QRWDWLRQ

❚ 3ULRULWLHV�

❚ 9DULDEOHV�DUH�FDOOHG�OLWHUDOV

❚ 'HILQLWLRQV
❙ 6FKHPDWLF��D�GUDZLQJ�RI�LQWHUFRQQHFWHG�JDWHV
❙ 1HW��ZLUHV�DW�WKH�VDPH�YROWDJH��HOHFWULFDOO\�FRQQHFWHG�
❙ 1HWOLVW��D�OLVWLQJ�RI�DOO�WKH�,�2��JDWH�DQG�SDJH��LQ�D�VFKHPDWLF
❙ )DQ�LQ��WKH���RI�LQSXWV�WR�D�JDWH
❙ )DQ�RXW��WKH���RI�ORDGV�WKH�JDWH�GULYHV

A B + C = ((A) B) + C• •
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0LQLPDO�VHW

❚ :H�FDQ�LPSOHPHQW�DOO�ORJLF�IXQFWLRQV�IURP�127��125��DQG�1$1'
❙ ([DPSOH����;�DQG�<�� �QRW��;�QDQG�<�

❚ ,Q�IDFW��ZH�FDQ�GR�LW�ZLWK�RQO\�125�RU�RQO\�1$1'
❙ 127�LV�MXVW�1$1'�RU�125�ZLWK�ERWK�LQSXWV�WLHG�WRJHWKHU

❙ 1$1'�DQG�125�DUH�GXDOV��:H�FDQ�LPSOHPHQW�RQH�IURP�WKH�RWKHU
❘ ;�QDQG�<� �QRW���QRW�;��QRU��QRW�<��
❘ ;�QRU�<� �QRW���QRW�;��QDQG��QRW�<��

X Y X nand Y
0 0 1
1 1 0

X Y X nor Y
0 0 1
1 1 0


