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6HTXHQWLDO ORJLF H[DPSOHV

❚ )LQLWH VWDWH PDFKLQH FRQFHSW

❙ )60V DUH WKH GHFLVLRQ PDNLQJ ORJLF RI GLJLWDO GHVLJQV

❙ SDUWLWLRQLQJ GHVLJQV LQWR GDWDSDWK DQG FRQWURO HOHPHQWV

❙ ZKHQ LQSXWV DUH VDPSOHG DQG RXWSXWV DVVHUWHG

❚ %DVLF GHVLJQ DSSURDFK� D ��VWHS GHVLJQ SURFHVV

❚ ,PSOHPHQWDWLRQ H[DPSOHV DQG FDVH VWXGLHV

❙ ILQLWH�VWULQJ SDWWHUQ UHFRJQL]HU

❙ FRPSOH[ FRXQWHU

❙ WUDIILF OLJKW FRQWUROOHU

❙ GRRU FRPELQDWLRQ ORFN
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*HQHUDO )60 GHVLJQ SURFHGXUH

❚ ��� 'HWHUPLQH LQSXWV DQG RXWSXWV

❚ ��� 'HWHUPLQH SRVVLEOH VWDWHV RI PDFKLQH

❙ ± VWDWH PLQLPL]DWLRQ

❚ ��� (QFRGH VWDWHV DQG RXWSXWV LQWR D ELQDU\ FRGH

❙ ± VWDWH DVVLJQPHQW RU VWDWH HQFRGLQJ

❙ ± RXWSXW HQFRGLQJ

❙ ± SRVVLEO\ LQSXW HQFRGLQJ �LI XQGHU RXU FRQWURO�

❚ ��� 5HDOL]H ORJLF WR LPSOHPHQW IXQFWLRQV IRU VWDWHV DQG RXWSXWV

❙ ± FRPELQDWLRQDO ORJLF LPSOHPHQWDWLRQ DQG RSWLPL]DWLRQ

❙ ± FKRLFHV PDGH LQ VWHSV � DQG � FDQ KDYH ODUJH HIIHFW RQ UHVXOWLQJ ORJLF
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)LQLWH VWULQJ SDWWHUQ UHFRJQL]HU �VWHS ��

❚ )LQLWH VWULQJ SDWWHUQ UHFRJQL]HU

❙ RQH LQSXW �;� DQG RQH RXWSXW �=�

❙ RXWSXW LV DVVHUWHG ZKHQHYHU WKH LQSXW VHTXHQFH «���« KDV EHHQ

REVHUYHG� DV ORQJ DV WKH VHTXHQFH ��� KDV QHYHU EHHQ VHHQ

❚ 6WHS �� XQGHUVWDQGLQJ WKH SUREOHP VWDWHPHQW

❙ VDPSOH LQSXW�RXWSXW EHKDYLRU�

;� � � � � � � � � � � � «

=� � � � � � � � � � � � «

;� � � � � � � � � � � � «

=� � � � � � � � � � � � «
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)LQLWH VWULQJ SDWWHUQ UHFRJQL]HU �VWHS ��

❚ 6WHS �� GUDZ VWDWH GLDJUDP

❙ IRU WKH VWULQJV WKDW PXVW EH UHFRJQL]HG� L�H�� ��� DQG ���

❙ D 0RRUH LPSOHPHQWDWLRQ
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)LQLWH VWULQJ SDWWHUQ UHFRJQL]HU �VWHS �� FRQW·G�

❚ ([LW FRQGLWLRQV IURP VWDWH 6�� KDYH UHFRJQL]HG «���

❙ LI QH[W LQSXW LV � WKHQ KDYH «����  ������ �VWDWH 6��

❙ LI QH[W LQSXW LV � WKHQ KDYH «����  «�� �VWDWH 6��
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❚ ([LW FRQGLWLRQV IURP 6�� UHFRJQL]HV

VWULQJV RI IRUP «� �QR � VHHQ�

❙ ORRS EDFN WR 6� LI LQSXW LV �

❚ ([LW FRQGLWLRQV IURP 6�� UHFRJQL]HV

VWULQJV RI IRUP «� �QR � VHHQ�

❙ ORRS EDFN WR 6� LI LQSXW LV �
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)LQLWH VWULQJ SDWWHUQ UHFRJQL]HU �VWHS �� FRQW·G�

❚ 6� DQG 6� VWLOO KDYH LQFRPSOHWH WUDQVLWLRQV

❙ 6�  «��� ,I QH[W LQSXW LV ��

WKHQ VWULQJ FRXOG EH SUHIL[ RI ���������

6� KDQGOHV MXVW WKLV FDVH

❙ 6�  «��� ,I QH[W LQSXW LV ��

WKHQ VWULQJ FRXOG EH SUHIL[ RI ��������

6� KDQGOHV MXVW WKLV FDVH

❚ 5HXVH VWDWHV DV PXFK DV SRVVLEOH

❙ ORRN IRU VDPH PHDQLQJ

❙ VWDWH PLQLPL]DWLRQ OHDGV WR

VPDOOHU QXPEHU RI ELWV WR

UHSUHVHQW VWDWHV

❚ 2QFH DOO VWDWHV KDYH D FRPSOHWH

VHW RI WUDQVLWLRQV ZH KDYH D

ILQDO VWDWH GLDJUDP
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module string (clk, X, rst, Q0, Q1, Q2, Z);

input clk, X, rst;

output Q0, Q1, Q2, Z;

reg state[0:2];

‘define S0 = [0,0,0]; //reset state

‘define S1 = [0,0,1]; //strings ending in   ...0

‘define S2 = [0,1,0]; //strings ending in  ...01

‘define S3 = [0,1,1]; //strings ending in ...010

‘define S4 = [1,0,0]; //strings ending in   ...1

‘define S5 = [1,0,1]; //strings ending in  ...10

‘define S6 = [1,1,0]; //strings ending in ...100

assign Q0 = state[0];

assign Q1 = state[1];

assign Q2 = state[2];

assign Z = (state == ‘S3);

always @(posedge clk) begin

  if rst state = ‘S0;

  else

    case (state)

      ‘S0: if (X) state = ‘S4 else state = ‘S1;

      ‘S1: if (X) state = ‘S2 else state = ‘S1;

      ‘S2: if (X) state = ‘S4 else state = ‘S3;

      ‘S3: if (X) state = ‘S2 else state = ‘S6;

      ‘S4: if (X) state = ‘S4 else state = ‘S5;

      ‘S5: if (X) state = ‘S2 else state = ‘S6;

 ‘S6: state = ‘S6;

      default: begin

        $display (“invalid state reached”);

        state = 3’bxxx;

    endcase

end

endmodule

)LQLWH VWULQJ SDWWHUQ UHFRJQL]HU �VWHS ��

❚ 9HULORJ GHVFULSWLRQ LQFOXGLQJ VWDWH DVVLJQPHQW �RU VWDWH HQFRGLQJ�
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)LQLWH VWULQJ SDWWHUQ UHFRJQL]HU

❚ 5HYLHZ RI SURFHVV

❙ XQGHUVWDQGLQJ SUREOHP

❘ ZULWH GRZQ VDPSOH LQSXWV DQG RXWSXWV WR XQGHUVWDQG VSHFLILFDWLRQ

❙ GHULYH D VWDWH GLDJUDP

❘ ZULWH GRZQ VHTXHQFHV RI VWDWHV DQG WUDQVLWLRQV IRU VHTXHQFHV WR EH

UHFRJQL]HG

❙ PLQLPL]H QXPEHU RI VWDWHV

❘ DGG PLVVLQJ WUDQVLWLRQV� UHXVH VWDWHV DV PXFK DV SRVVLEOH

❙ VWDWH DVVLJQPHQW RU HQFRGLQJ

❘ HQFRGH VWDWHV ZLWK XQLTXH SDWWHUQV

❙ VLPXODWH UHDOL]DWLRQ

❘ YHULI\ ,�2 EHKDYLRU RI \RXU VWDWH GLDJUDP WR HQVXUH LW PDWFKHV

VSHFLILFDWLRQ
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&RPSOH[ FRXQWHU

❚ $ V\QFKURQRXV ��ELW FRXQWHU KDV D PRGH FRQWURO 0

❙ ZKHQ 0  �� WKH FRXQWHU FRXQWV XS LQ WKH ELQDU\ VHTXHQFH

❙ ZKHQ 0  �� WKH FRXQWHU DGYDQFHV WKURXJK WKH *UD\ FRGH VHTXHQFH

ELQDU\� ���� ���� ���� ���� ���� ���� ���� ���

*UD\� ���� ���� ���� ���� ���� ���� ���� ���

❚ 9DOLG ,�2 EHKDYLRU �SDUWLDO�
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&RPSOH[ FRXQWHU �VWDWH GLDJUDP�

❚ 'HULYLQJ VWDWH GLDJUDP

❙ RQH VWDWH IRU HDFK RXWSXW FRPELQDWLRQ

❙ DGG DSSURSULDWH DUFV IRU WKH PRGH FRQWURO
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&RPSOH[ FRXQWHU �VWDWH HQFRGLQJ�

❚ 9HULORJ GHVFULSWLRQ LQFOXGLQJ VWDWH HQFRGLQJ

module string (clk, M, rst, Z0, Z1, Z2);

input clk, X, rst;

output Z0, Z1, Z2;

reg state[0:2];

‘define S0 = [0,0,0]; 

‘define S1 = [0,0,1]; 

‘define S2 = [0,1,0]; 

‘define S3 = [0,1,1]; 

‘define S4 = [1,0,0]; 

‘define S5 = [1,0,1]; 

‘define S6 = [1,1,0]; 

‘define S7 = [1,1,1]; 

assign Z0 = state[0];

assign Z1 = state[1];

assign Z2 = state[2];

always @(posedge clk) begin

  if rst state = ‘S0;

  else

    case (state)

      ‘S0: state = ‘S1;

      ‘S1: if (M) state = ‘S3 else state = ‘S2;

      ‘S2: if (M) state = ‘S6 else state = ‘S3;

      ‘S3: if (M) state = ‘S2 else state = ‘S4;

      ‘S4: if (M) state = ‘S0 else state = ‘S5;

      ‘S5: if (M) state = ‘S4 else state = ‘S6;

 ‘S5: if (M) state = ‘S7 else state = ‘S7;

 ‘S5: if (M) state = ‘S5 else state = ‘S0;

 endcase

end

endmodule
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±�67

6�D

6�E

6�F

WUDIILF OLJKW

FRQWUROOHU

WLPHU

7/7667

7UDIILF OLJKW FRQWUROOHU DV WZR FRPPXQLFDWLQJ )60V

❚ :LWKRXW VHSDUDWH WLPHU

❙ 6� ZRXOG UHTXLUH � VWDWHV

❙ 6� ZRXOG UHTXLUH � VWDWHV

❙ 6� ZRXOG UHTXLUH � VWDWHV

❙ 6� ZRXOG UHTXLUH � VWDWHV

❙ 6� DQG 6� KDYH VLPSOH WUDQVIRUPDWLRQ

❙ 6� DQG 6� ZRXOG UHTXLUH PDQ\ PRUH DUFV

❘ & FRXOG FKDQJH LQ DQ\ RI VHYHQ VWDWHV

❚ %\ IDFWRULQJ RXW WLPHU

❙ JUHDWO\ UHGXFH QXPEHU RI VWDWHV

❘ � LQVWHDG RI ��

❙ FRXQWHU RQO\ UHTXLUHV VHYHQ RU HLJKW VWDWHV

❘ �� WRWDO LQVWHDG RI ��
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PDFKLQHV DGYDQFH LQ ORFN VWHS
LQLWLDO LQSXWV�RXWSXWV� ;  �� <  �
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&RPPXQLFDWLQJ ILQLWH VWDWH PDFKLQHV

❚ 2QH PDFKLQH
V RXWSXW LV DQRWKHU PDFKLQH
V LQSXW
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�SXSSHW�

�SXSSHWHHU ZKR SXOOV WKH VWULQJV�
FRQWURO

GDWD�SDWK

VWDWXV
LQIR DQG
LQSXWV

FRQWURO
VLJQDO
RXWSXWV

VWDWH

'DWD�SDWK DQG FRQWURO

❚ 'LJLWDO KDUGZDUH V\VWHPV  GDWD�SDWK � FRQWURO

❙ GDWDSDWK� UHJLVWHUV� FRXQWHUV� FRPELQDWLRQDO IXQFWLRQDO XQLWV �H�J�� $/8��

FRPPXQLFDWLRQ �H�J�� EXVVHV�

❙ FRQWURO� )60 JHQHUDWLQJ VHTXHQFHV RI FRQWURO VLJQDOV WKDW LQVWUXFWV

GDWDSDWK ZKDW WR GR QH[W
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'LJLWDO FRPELQDWLRQDO ORFN

❚ '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

❙ RSHQ TXHVWLRQV� KRZ GR \RX VHW WKH LQWHUQDO FRPELQDWLRQ"

❘ VWRUHG LQ UHJLVWHUV �KRZ ORDGHG"�

❘ KDUGZLUHG YLD VZLWFKHV VHW E\ XVHU
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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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UHVHWYDOXH

RSHQ�FORVHG

QHZ

FORFN

'HWHUPLQLQJ GHWDLOV RI WKH VSHFLILFDWLRQ

❚ +RZ PDQ\ ELWV SHU LQSXW YDOXH"

❚ +RZ PDQ\ YDOXHV LQ VHTXHQFH"

❚ +RZ GR ZH NQRZ D QHZ LQSXW YDOXH LV HQWHUHG"

❚ :KDW DUH WKH VWDWHV DQG VWDWH WUDQVLWLRQV RI WKH V\VWHP"
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'LJLWDO FRPELQDWLRQ ORFN VWDWH GLDJUDP

❚ 6WDWHV� � VWDWHV

❙ UHSUHVHQW SRLQW LQ H[HFXWLRQ RI PDFKLQH

❙ HDFK VWDWH KDV RXWSXWV

❚ 7UDQVLWLRQV� � IURP VWDWH WR VWDWH� � VHOI WUDQVLWLRQV� � JOREDO

❙ FKDQJHV RI VWDWH RFFXU ZKHQ FORFN VD\V LWV RN

❙ EDVHG RQ YDOXH RI LQSXWV

❚ ,QSXWV� UHVHW� QHZ� UHVXOWV RI FRPSDULVRQV

❚ 2XWSXW� RSHQ�FORVHG

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
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reset

open/closed

newC1 C2 C3

comparatorvalue
equal

multiplexer

controller

mux 
control

clock
4

4 4 4

4

'DWD�SDWK DQG FRQWURO VWUXFWXUH

❚ 'DWD�SDWK

❙ VWRUDJH UHJLVWHUV IRU FRPELQDWLRQ YDOXHV

❙ PXOWLSOH[HU

❙ FRPSDUDWRU

❚ &RQWURO

❙ ILQLWH�VWDWH PDFKLQH FRQWUROOHU

❙ FRQWURO IRU GDWD�SDWK �ZKLFK YDOXH WR FRPSDUH�
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6WDWH WDEOH IRU FRPELQDWLRQ ORFN

❚ )LQLWH�VWDWH PDFKLQH

❙ UHILQH VWDWH GLDJUDP WR WDNH LQWHUQDO VWUXFWXUH LQWR DFFRXQW

❙ VWDWH WDEOH UHDG\ IRU HQFRGLQJ

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
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UHVHW QHZ HTXDO VWDWH VWDWH PX[ RSHQ�FORVHG

� ± ± ± ���� ��� �

� � ± ���� ���� ��� �
� � � ���� ���� ± �

� � � ���� ���� ��� �

���
� � � ���� ���� ± �

���

QH[W

PX[ LV LGHQWLFDO WR ODVW � ELWV RI VWDWH

RSHQ�FORVHG LV LGHQWLFDO WR ILUVW ELW RI VWDWH

WKHUHIRUH� ZH GR QRW HYHQ QHHG WR LPSOHPHQW
))V WR KROG VWDWH� MXVW XVH RXWSXWV

UHVHW

RSHQ�FORVHG

QHZ

HTXDO

FRQWUROOHU

PX[
FRQWURO

FORFN

(QFRGLQJV IRU FRPELQDWLRQ ORFN

❚ (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 � ELW� �� �
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&� &� &�

FRPSDUDWRU
HTXDO

PXOWLSOH[HU

PX[
FRQWURO

�

� � �

�

YDOXH

&�L &�L &�L

PX[
FRQWURO

YDOXH

HTXDO

'DWD�SDWK LPSOHPHQWDWLRQ IRU FRPELQDWLRQ ORFN

❚ 0XOWLSOH[HU

❙ HDV\ WR LPSOHPHQW DV FRPELQDWLRQDO ORJLF ZKHQ IHZ LQSXWV

❙ ORJLF FDQ HDVLO\ JHW WRR ELJ IRU PRVW 3/'V
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&� &� &�

FRPSDUDWRU
HTXDO

PXOWLSOH[HU

PX[
FRQWURO

�

� � �

�

YDOXH

&�L &�L &�L

PX[
FRQWURO

YDOXH

HTXDO

� RF

RSHQ�FROOHFWRU FRQQHFWLRQ
�]HUR ZKHQHYHU RQH FRQQHFWLRQ LV ]HUR�

RQH RWKHUZLVH ± ZLUHG $1'�

WUL�VWDWH GULYHU
�FDQ GLVFRQQHFW
IURP RXWSXW�

'DWD�SDWK LPSOHPHQWDWLRQ �FRQW·G�

❚ 7UL�VWDWH ORJLF

❙ XWLOL]H D WKLUG RXWSXW VWDWH� ³QR FRQQHFWLRQ´ RU ³IORDW´

❙ FRQQHFW RXWSXWV WRJHWKHU DV ORQJ DV RQO\ RQH LV ³HQDEOHG´

❙ RSHQ�FROOHFWRU JDWHV FDQ

RQO\ RXWSXW �� QRW �

❘ FDQ EH XVHG WR LPSOHPHQW

ORJLFDO $1' ZLWK RQO\ ZLUHV
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,Q 2( 2XW

; � =

� � �

� � �

QRQ�LQYHUWLQJ

WUL�VWDWH

EXIIHU

���

,Q

2(

2XW

7UL�VWDWH JDWHV

❚ 7KH WKLUG YDOXH

❙ ORJLF YDOXHV� ³�´� ³�´

❙ GRQ
W FDUH� ³;´ �PXVW EH � RU � LQ UHDO FLUFXLW��

❙ WKLUG YDOXH RU VWDWH� ³=´ ² KLJK LPSHGDQFH� LQILQLWH 5� QR FRQQHFWLRQ

❚ 7UL�VWDWH JDWHV

❙ DGGLWLRQDO LQSXW ± RXWSXW HQDEOH �2(�

❙ RXWSXW YDOXHV DUH �� �� DQG =

❙ ZKHQ 2( LV KLJK� WKH JDWH IXQFWLRQV QRUPDOO\

❙ ZKHQ 2( LV ORZ� WKH JDWH LV GLVFRQQHFWHG IURP ZLUH DW RXWSXW

❙ DOORZV PRUH WKDQ RQH JDWH WR EH FRQQHFWHG WR WKH VDPH RXWSXW ZLUH

❘ DV ORQJ DV RQO\ RQH KDV LWV RXWSXW HQDEOHG DW DQ\ RQH WLPH �RWKHUZLVH�
VSDUNV FRXOG IO\�

,Q 2XW

2(
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ZKHQ 6HOHFW LV KLJK
,QSXW� LV FRQQHFWHG WR )

ZKHQ 6HOHFW LV ORZ
,QSXW� LV FRQQHFWHG WR )

WKLV LV HVVHQWLDOO\ D ��� PX[

2(

2(

),QSXW�

,QSXW�

6HOHFW

7UL�VWDWH DQG PXOWLSOH[LQJ

❚ :KHQ XVLQJ WUL�VWDWH ORJLF

❙ ��� PDNH VXUH QHYHU PRUH WKDQ RQH �GULYHU� IRU D ZLUH DW DQ\ RQH WLPH

�SXOOLQJ KLJK DQG ORZ DW WKH VDPH WLPH FDQ VHYHUHO\ GDPDJH FLUFXLWV�

❙ ��� PDNH VXUH WR RQO\ XVH YDOXH RQ ZLUH ZKHQ LWV EHLQJ GULYHQ �XVLQJ D

IORDWLQJ YDOXH PD\ FDXVH IDLOXUHV�

❚ 8VLQJ WUL�VWDWH JDWHV WR LPSOHPHQW DQ HFRQRPLFDO PXOWLSOH[HU
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RSHQ�FROOHFWRU

1$1' JDWHV

ZLWK RXSXWV ZLUHG WRJHWKHU

XVLQJ �ZLUHG�$1'�

WR IRUP �$%�
�&'�


2SHQ�FROOHFWRU JDWHV DQG ZLUHG�$1'

❚ 2SHQ FROOHFWRU� DQRWKHU ZD\ WR FRQQHFW JDWH RXWSXWV WR WKH VDPH ZLUH

❙ JDWH RQO\ KDV WKH DELOLW\ WR SXOO LWV RXWSXW ORZ

❙ LW FDQQRW DFWLYHO\ GULYH WKH ZLUH KLJK �GHIDXOW ± SXOOHG KLJK WKURXJK UHVLVWRU�

❚ :LUHG�$1' FDQ EH LPSOHPHQWHG ZLWK RSHQ FROOHFWRU ORJLF

❙ LI $ DQG % DUH ���� RXWSXW LV DFWLYHO\ SXOOHG ORZ

❙ LI & DQG ' DUH ���� RXWSXW LV DFWLYHO\ SXOOHG ORZ

❙ LI RQH JDWH RXWSXW LV ORZ DQG WKH RWKHU KLJK� WKHQ ORZ ZLQV

❙ LI ERWK JDWH RXWSXWV DUH ���� WKH ZLUH YDOXH �IORDWV�� SXOOHG KLJK E\ UHVLVWRU

❘ ORZ WR KLJK WUDQVLWLRQ XVXDOO\ VORZHU WKDQ LW ZRXOG KDYH EHHQ ZLWK D JDWH SXOOLQJ
KLJK

❙ KHQFH� WKH WZR 1$1' IXQFWLRQV DUH $1'HG WRJHWKHU
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C1 C2 C3

comparatorvalue
equal

multiplexer

mux 
control

4

4 4 4

4

ld1 ld2 ld3

'LJLWDO FRPELQDWLRQ ORFN �QHZ GDWD�SDWK�

❚ 'HFUHDVH QXPEHU RI LQSXWV

❚ 5HPRYH � FRGH GLJLWV DV LQSXWV

❙ XVH FRGH UHJLVWHUV

❙ PDNH WKHP ORDGDEOH IURP YDOXH

❙ QHHG � ORDG VLJQDO LQSXWV �QHW JDLQ LQ LQSXW ��
��±� ��

❘ FRXOG EH GRQH ZLWK � VLJQDOV DQG GHFRGHU

�OG�� OG�� OG�� ORDG QRQH�
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6HFWLRQ VXPPDU\

❚ )60 GHVLJQ

❙ XQGHUVWDQGLQJ WKH SUREOHP

❙ JHQHUDWLQJ VWDWH GLDJUDP

❙ LPSOHPHQWDWLRQ XVLQJ V\QWKHVLV WRROV

❙ LWHUDWLRQ RQ GHVLJQ�VSHFLILFDWLRQ WR LPSURYH TXDOLWLHV RI PDSSLQJ

❙ FRPPXQLFDWLQJ VWDWH PDFKLQHV

❚ )RXU FDVH VWXGLHV

❙ XQGHUVWDQG ,�2 EHKDYLRU

❙ GUDZ GLDJUDPV

❙ HQXPHUDWH VWDWHV IRU WKH �JRDO�

❙ H[SDQG ZLWK HUURU FRQGLWLRQV

❙ UHXVH VWDWHV ZKHQHYHU SRVVLEOH


