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&RPELQDWLRQDO�ORJLF

q %DVLF���LQSXW�IXQFWLRQV
½ 127��$1'��25��1$1'��125��;25�������
½ /DZV�RI�ERROHDQ�ORJLF

q 7KHRUHPV�IRU�ORJLF�VLPSOLILFDWLRQ
½ 3URRIV
½ $SSOLFDWLRQV

q *DWH�ORJLF
½ QHWZRUNV�RI�%RROHDQ�IXQFWLRQV
½ WLPH�EHKDYLRU

q 6WDQGDUG�5HSUHVHQDWLRQV
½ WZR�OHYHO�FDQQRQLFDO�IRUPV
½ LQFRPSOHWHO\�7RROV�IRU�/RJLF�6LPSOLILFDWLRQ VSHFLILHG�IXQFWLRQV

½ %RROHDQ�FXEHV�DQG�.DUQDXJK�PDSV
½ WZR�OHYHO�VLPSOLILFDWLRQ
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3RVVLEOH�ORJLF�IXQFWLRQV�RI�WZR�YDULDEOHV

q 7KHUH�DUH����SRVVLEOH�IXQFWLRQV�RI���LQSXW�YDULDEOHV�
½ LQ�JHQHUDO��WKHUH�DUH��

��

Q��IXQFWLRQV�RI�Q�LQSXWV

� ��LQSXWV� ��A�A�� ��A���� �DERXW�D�JRRJOH

Where do we start?
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$Q�DOJHEUDLF�VWUXFWXUH��$�VHW�RI�´QDWXUDO�ODZVµ�

q $�ERROHDQ DOJHEUDLF�VWUXFWXUH�FRQVLVWV�RI
½ D�VHW�RI�HOHPHQWV��FRQVWDQWV��%� �^���`
½ ELQDU\�RSHUDWLRQV�^�������`
½ DQG�D�XQDU\�RSHUDWLRQ�^
 `
½ VXFK�WKDW�WKH�IROORZLQJ�D[LRPV KROG�

�� FORVXUH� D���E���LV�LQ�% D���E���LV�LQ�%
�� FRPPXWDWLYH� D���E� �E���D D���E� �E���D
�� DVVRFLDWLYH� D����E���F�� ��D���E����F D����E�&�F�� ��D���E����F�
�� ,GHQWLW\� D����� �D D����� �D

D����� �� D����� ��
�� GLVWULEXWLYH� D����E���F�� ��D���E�����D���F� D����E���F�� ��D���E�����D���F�
�� FRPSOHPHQW� D���D
� �� D���D
� ��

Defines AND, OR, NOT only (•,+,’)
Notice, no definition of XOR,+,*…
Our question: Is this simple system powerful enough to build 
any digital system?
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;��<�DUH�%RROHDQ�DOJHEUD�YDULDEOHV
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%RROHDQ�H[SUHVVLRQ�WKDW�LV�
WUXH�ZKHQ�WKH�YDULDEOHV�;�
DQG�<�KDYH�WKH�VDPH�YDOXH
DQG�IDOVH��RWKHUZLVH

&RPSOHWHQHVV

q $OO���LQSXW�IXQFWLRQV�FDQ�EH�LPSOHPHQWHG�ZLWK�$1'�25�127
½ 7KHUH�DUH�IHZ�HQRXJK�WKDW�ZH�FDQ�WHVW�WKHP�DOO

q :KDW�DERXW�Q�LQSXW�IXQFWLRQV"

F1     F4        F9 
AND NOR      XNOR



CSE 370 - Fall 1999 - Introduction - 5

3URRI�E\�&RQVWUXFWLRQ

q *LYHQ�D�WUXWK�WDEOH�Z��LQSXWV�,� ��L��«��LQ!�DQG�RXWSXW�2��ZH�FDQ�GR�HDFK�
RXWSXW�VHSDUDWHO\���KHUH�LV�D�PHWKRG�WR�EXLOG�2�

L��L��L��L������2
����������������
����������������
�����������������
����������������
HOVH����������� �

q 6DWLVI\�\RXUVHOI�WKDW�)�⇔ 2

q $1'��25��127�DUH�VXIILFLHQW�WR�LPSOHPHQW�DQ\�IXQFWLRQ�



CSE 370 - Fall 1999 - Introduction - 6

$Q�([DPSOH��7KH�ELQDU\�DGGHU

q ��ELW�ELQDU\�DGGHU
½ LQSXWV��$��%��&DUU\�LQ
½ RXWSXWV��6XP��&DUU\�RXW
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&RXW  �$
�% &LQ ��$�%
 &LQ ��$�% &LQ
 ��$�%�&LQ

&RQVLGHU�RQO\�FDUU\��������� ����WUDQVLVWRUV

6� �$
�%
�&LQ ��$
�%�&LQ
 ��$�%
�&LQ
 ��$�% &LQ

Can we do better than this?
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3URYH�VRPH�6LPSOLILFDWLRQ�7KHRUHPV

q &RQVHQVXV�7KHRUHP�����;<���<=���;
=� �;<���;
=
q /HW�)� �;�<���<=���;
=��DQG�/HW�*� �;�<���;
=
q $VVXPH�)�≠ *��WKHQ�WU\�WR�ILQG�D�FRQWUDGLFWLRQ

½ )LUVW�SURYH��* ��Å ) �
� %\�$VVRF��)� ��;<�;¶=��<=��VR��)� ��*��<=
� * ��VR�)� ���<=
� %\�,GHQWLW\�)� ��

½ 7KHQ�SURYH�) ��Å * �
� %\�FRQWUDGLFWLRQ��DVVXPH�) ��DQG�* �
� )� �*�<=��VR�)� ����<=��
� %\�,GHQWLW\�)� �<=�VR�< ��DQG�= ��
� 6R�*� ��;����;¶��� ��
� %\�,GHQWLW\��;���;¶�� ����FRQWUDGLFWV�&RPSOHPHQW�$[LRP

q 7KHUH�DUH�QR�YDOXHV�RI�;<=�VXFK�WKDW�) ��DQG�* ������4('�
q 7KLV�LV�FDOOHG�WKH�FRQVHQVXV�WKHRUHP�DQG�LW�LV�TXLWH�XVHIXO«
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8VHIXO�7KHRUHPV�EDVHG�RQ�$[LRPV

�� LGHPSRWHQF\�
;���;� �; ;���;� �;

�� LQYROXWLRQ�
�;
�
� �;

�� XQLWLQJ�
;���<���;���<
� �; �;���<�����;���<
�� �;

���DEVRUSWLRQ�
;���;���<� �; ;����;���<�� �;
�;���<
����<� �;���< �;���<
����<� �;���<

��� IDFWRULQJ�
�;���<�����;
���=�� ;���<���;
���=� �
;���=���;
���< �;���=�����;
���<�

���FRQVHQVXV�
�;���<�����<���=�����;
���=�� �;���<�����<���=�����;
���=�� 
;���<���;
���= �;���<�����;
���=�

���GH�0RUJDQ
V�
�;���<�������
� �;
���<
������ �;���<�������
� �;
���<
������

���JHQHUDOL]HG�GH�0RUJDQ
V�
I
�;��;������;Q���������� ��I�;�
�;�
�����;Q
���������
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'H0RUJDQ·V�7KHRUHP

q )� ��D���E�
½ %\�'H0RUJDQ¶V 7KHRUHP���)¶� ��D¶�E¶�

q :K\�'H0RUJDQ¶V�LV�LPSRUWDQW
½ &RQYHUW�DQG�RU�WR�QDQG�QDQG�ORJLF

� )� ��D���E���VR�)� ���D�E�¶�¶

� )� ���D¶E¶��¶

� )� ��D¶E¶�¶��ZKLFK�LV��D¶�QDQG�E¶�

a b   F      a’b’ F’
00    0       11    1
01    1       10    0
10    1       01    0
11    1       00    0
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'XDOLW\�7KHRUHP

q 'XDOLW\
½ D�GXDO�RI�D�%RROHDQ�H[SUHVVLRQ�LV�GHULYHG�E\�UHSODFLQJ�
��E\������E\������E\����DQG���E\����DQG�OHDYLQJ�YDULDEOHV�XQFKDQJHG

½ DQ\�WKHRUHP�WKDW�FDQ�EH�SURYHQ�LV�WKXV�DOVR�SURYHQ�IRU�LWV�GXDO�
½ D�PHWD�WKHRUHP��D�WKHRUHP�DERXW�WKHRUHPV��

q 2U
7��;��;������;Q����������⇔ 7�;��;������;Q���������
>�D�D¶�� �@�⇔ >�D�D¶�� ��@

q 'LIIHUHQW�WKDQ�GH0RUJDQ¶V�/DZ
½ WKLV�LV�D�VWDWHPHQW�DERXW�WKHRUHPV
½ WKLV�LV�QRW�D�ZD\�WR�PDQLSXODWH��UH�ZULWH��H[SUHVVLRQV
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'XDOV�RI�8VHIXO�7KHRUHPV

�� LGHPSRWHQF\�
;���;� �; ;���;� �;

�� LQYROXWLRQ�
�;
�
� �;

�� XQLWLQJ�
;���<���;���<
� �; �;���<�����;���<
�� �;

���DEVRUSWLRQ�
;���;���<� �; ;����;���<�� �;
�;���<
����<� �;���< �;���<
����<� �;���<

��� IDFWRULQJ�
�;���<�����;
���=�� ;���<���;
���=� �
;���=���;
���< �;���=�����;
���<�

���FRQVHQVXV�
�;���<�����<���=�����;
���=�� �;���<�����<���=�����;
���=�� 
;���<���;
���= �;���<�����;
���=�

���GH�0RUJDQ
V�
�;���<�������
� �;
���<
������ �;���<�������
� �;
���<
������

���JHQHUDOL]HG�GH�0RUJDQ
V�
I
�;��;������;Q���������� ��I�;�
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�����;Q
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3URRI�E\�GHGXFWLRQ

q 8VLQJ�WKH�D[LRPV�RI�%RROHDQ�DOJHEUD�
½ H�J���SURYH�WKH�WKHRUHP�� ;���<���;���<
�  ���;

½ H�J���SURYH�WKH�WKHRUHP�� ;���;���<�  ���;

GLVWULEXWLYLW\ ��� ;�� <���;�� <
  ���;����<���<
�
FRPSOHPHQWDULW\ ��� ;����<���<
��  ���;�� ���
LGHQWLW\���'� ;�� ���  ���;�➼

LGHQWLW\���'� ;�����;���<  ���;���������;���<
GLVWULEXWLYLW\ ��� ;���������;���<  ���;��������<�
LGHQWLW\���� ;��������<�  ���;�� ���
LGHQWLW\���'� ;�������  ���;�➼
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3URRI�E\�HQXPHUDWLRQ��VKRZ�DOO�FDVHV�

q 8VH�FRPSOHWH�WUXWK�WDEOH�WR�VKRZ�DOO�FDVHV�
½ H�J���GH�0RUJDQ
V�
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�
�
�

�
�
�
�
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�
�
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%DFN�WR�RXU�3UREOHP

q ��ELW�ELQDU\�DGGHU
½ LQSXWV��$��%��&DUU\�LQ
½ RXWSXWV��6XP��&DUU\�RXW

$
%

&LQ
&RXW

6

$ % &LQ 6 &RXW
� � �
� � �
� � �
� � �
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&RXW  �$
�% &LQ ��$�%
 &LQ ��$�% &LQ
 ��$�%�&LQ

,Q�&026�Å ���WUDQVLVWRUV��

6� �$
�%
�&LQ ��$
�%�&LQ
 ��$�%
�&LQ
 ��$�% &LQ

Can we do better than this?
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$SSO\�WKH�WKHRUHPV�WR�VLPSOLI\�H[SUHVVLRQV

q 7KH�WKHRUHPV�RI�%RROHDQ�DOJHEUD�FDQ�VLPSOLI\�%RROHDQ�H[SUHVVLRQV
½ H�J���IXOO�DGGHU
V�FDUU\�RXW�IXQFWLRQ��VDPH�UXOHV�DSSO\�WR�DQ\�IXQFWLRQ�

&RXW�  ��$
�% &LQ ��$�%
 &LQ ��$�% &LQ
 ��$�%�&LQ��
 ��$
�% &LQ�����$�%
 &LQ�����$�% &LQ
�����$�% &LQ�����$�%�&LQ�
 ��$
��%�&LQ������$��%�&LQ������$�%
 &LQ�����$�% &LQ
�����$�%�&LQ
 ��% &LQ�����$�%
 &LQ����$�% &LQ
�����$�% &LQ�����$�%�&LQ
 ��% &LQ�����%
�$&LQ������%�$&LQ�������$�%�&LQ
������$�%�&LQ
 ��% &LQ�����$ &LQ�����$�%�

)URP����WR����WUDQVLVWRUV
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$SSO\�WKH�WKHRUHPV�WR�VLPSOLI\�H[SUHVVLRQV

6XP� �$
�%
 &LQ ��$
�% &LQ
 ��$�%
 &LQ
 ��$�%�&LQ
 �&LQ
 �$
%���$%
������&LQ�$%���$
%
�
 �&LQ
�$⊕%����&LQ�$⊕%�

 �&LQ⊕ ($⊕%�

%XW�ZH�KDYH�ZH�VDYHG�DQ\�DUHD�IRU�VXP""

Useful for
The next 
homework
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7U\�LW�IRU�087(;

RegA ReqB s1 s0 s1* s0*
0 0 0 0 0 0
0 1 0 0 0 1
1 0 0 0 1 0
1 1 0 0 1 0
0 0 1 0 0 0
0 1 1 0 0 1
1 0 1 0 1 0
1 1 1 0 1 0
0 0 0 1 0 0
0 1 0 1 0 1
1 0 0 1 1 0
1 1 0 1 0 1 
0 0 1 1 0 0
0 1 1 1 0 1
1 0 1 1 1 0
1 1 1 1 1 0
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)URP�%RROHDQ�H[SUHVVLRQV�WR�ORJLF�JDWHV

q 127 ;
 ; a;

q $1' ;���< ;< ;�∧ <

q 25 ;���< ;�∨ <
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; [RU <� �;�<
���;
�<
;�RU�<�EXW�QRW�ERWK�

��LQHTXDOLW\����GLIIHUHQFH��

X xnor Y = X Y + X’ Y’
X and Y are the same 

("equality", "coincidence")

)URP�%RROHDQ�H[SUHVVLRQV�WR�ORJLF�JDWHV

q 1$1'

q 125

q ;25
;�⊕ <

q ;125
;� �<
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T1
T2

use of 3-input gate
$

%

&
' 7�

7�

=

$

%

&
'

=

)URP�%RROHDQ�H[SUHVVLRQV�WR�ORJLF�JDWHV��FRQW·G�

q 0RUH�WKDQ�RQH�ZD\�WR�PDS�H[SUHVVLRQV�WR�JDWHV

½ H�J����=� �$
���%
����&���'�� ��$
����%
����&���'���
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WLPH

FKDQJH�LQ�<�WDNHV�WLPH�WR��SURSDJDWH��WKURXJK�JDWHV

:DYHIRUP�YLHZ�RI�ORJLF�IXQFWLRQV

q -XVW�D�VLGHZD\V�WUXWK�WDEOH
½ EXW�QRWH�KRZ�HGJHV�GRQ
W�OLQH�XS�H[DFWO\
½ LW�WDNHV�WLPH�IRU�D�JDWH�WR�VZLWFK�LWV�RXWSXW�
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$ % & =
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �

&KRRVLQJ�GLIIHUHQW�UHDOL]DWLRQV�RI�D�IXQFWLRQ

two-level realization
(we don’t count NOT gates)

XOR gate (easier to draw 
but costlier to build)

multi-level realization
(gates with fewer inputs)
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:KLFK�UHDOL]DWLRQ�LV�EHVW"

q 5HGXFH�QXPEHU�RI�LQSXWV
½ OLWHUDO��LQSXW�YDULDEOH��FRPSOHPHQWHG�RU�QRW�

� FDQ�DSSUR[LPDWH�FRVW�RI�ORJLF�JDWH�DV�� WUDQVLWRUV SHU�OLWHUDO
� ZK\�QRW�FRXQW�LQYHUWHUV"

½ IHZHU�OLWHUDOV�PHDQV�OHVV�WUDQVLVWRUV
� VPDOOHU�FLUFXLWV

½ IHZHU�LQSXWV�LPSOLHV�IDVWHU�JDWHV
� JDWHV�DUH�VPDOOHU�DQG�WKXV�DOVR�IDVWHU

½ IDQ�LQV����RI�JDWH�LQSXWV��DUH�OLPLWHG�LQ�VRPH�WHFKQRORJLHV

q 5HGXFH�QXPEHU�RI�JDWHV
½ IHZHU�JDWHV��DQG�WKH�SDFNDJHV�WKH\�FRPH�LQ��PHDQV�VPDOOHU�FLUFXLWV

� GLUHFWO\�LQIOXHQFHV�PDQXIDFWXULQJ�FRVWV

Carry = 18

Carry = 16
+extra gate delay

Does delay of carry matter 
since Sum is slow??
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:KLFK�LV�WKH�EHVW�UHDOL]DWLRQ"���FRQW·G�

q 5HGXFH�QXPEHU�RI�OHYHOV�RI�JDWHV
½ IHZHU�OHYHO�RI�JDWHV�LPSOLHV�UHGXFHG�VLJQDO�SURSDJDWLRQ�GHOD\V
½ PLQLPXP�GHOD\�FRQILJXUDWLRQ�W\SLFDOO\�UHTXLUHV�PRUH�JDWHV

� ZLGHU��OHVV�GHHS�FLUFXLWV

q +RZ�GR�ZH�H[SORUH�WUDGHRIIV�EHWZHHQ�LQFUHDVHG�FLUFXLW�GHOD\�DQG�VL]H"
½ DXWRPDWHG�WRROV�WR�JHQHUDWH�GLIIHUHQW�VROXWLRQV
½ ORJLF�PLQLPL]DWLRQ��UHGXFH�QXPEHU�RI�JDWHV�DQG�FRPSOH[LW\
½ ORJLF�RSWLPL]DWLRQ��UHGXFWLRQ�ZKLOH�WUDGLQJ�RII�DJDLQVW�GHOD\
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$UH�DOO�UHDOL]DWLRQV�HTXLYDOHQW"

q 8QGHU�WKH�VDPH�LQSXW�VWLPXOL��WKH�WKUHH�DOWHUQDWLYH�LPSOHPHQWDWLRQV�KDYH�
DOPRVW�WKH�VDPH�ZDYHIRUP�EHKDYLRU
½ GHOD\V�DUH�GLIIHUHQW
½ JOLWFKHV��KD]DUGV��PD\�DULVH
½ YDULDWLRQV�GXH�WR�GLIIHUHQFHV�LQ�QXPEHU�RI�JDWH�OHYHOV�DQG�VWUXFWXUH

q 7KH�WKUHH�LPSOHPHQWDWLRQV�DUH�IXQFWLRQDOO\�HTXLYDOHQW
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,PSOHPHQWLQJ�%RROHDQ�IXQFWLRQV

q 7HFKQRORJ\�LQGHSHQGHQW
½ FDQRQLFDO�IRUPV
½ WZR�OHYHO�IRUPV
½ PXOWL�OHYHO�IRUPV

q 7HFKQRORJ\�FKRLFHV
½ SDFNDJHV�RI�D�IHZ�JDWHV
½ UHJXODU�ORJLF
½ WZR�OHYHO�SURJUDPPDEOH�ORJLF
½ PXOWL�OHYHO�SURJUDPPDEOH�ORJLF
½ $6,&�&HOO�/LEUDULHV
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&DQRQLFDO�IRUPV

q 7UXWK�WDEOH�LV�WKH�XQLTXH�VLJQDWXUH�RI�D�%RROHDQ�IXQFWLRQ

q 0DQ\�DOWHUQDWLYH�JDWH�UHDOL]DWLRQV�PD\�KDYH�WKH�VDPH�WUXWK�WDEOH

q &DQRQLFDO�IRUPV
½ VWDQGDUG�IRUPV�IRU�D�%RROHDQ�H[SUHVVLRQ
½ SURYLGHV�D�XQLTXH�DOJHEUDLF�VLJQDWXUH�IRU�D�WUXWK�WDEOH
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6XP�RI�SURGXFWV�FDQRQLFDO�IRUPV

q $OVR�NQRZQ�DV�GLVMXQFWLYH�QRUPDO�IRUP

q $OVR�NQRZQ�DV PLQWHUP H[SDQVLRQ

)� ��������������������������� �������������

��$
%& ��$%
& ��$%&
 ��$%&$
%
&Read: F true if …

Read: F is false if …
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VKRUW�KDQG�QRWDWLRQ�IRU
PLQWHUPV RI���YDULDEOHV

$ % & PLQWHUPV
� � � $
%
&
 P�
� � � $
%
& P�
� � � $
%&
 P�
� � � $
%& P�
� � � $%
&
 P�
� � � $%
& P�
� � � $%&
 P�
� � � $%& P�

)�LQ�FDQRQLFDO�IRUP�
)�$��%��&�  �ΣP�����������

 ��P����P����P����P����P�
 ��$
%
&���$
%&���$%
&���$%&
���$%&

FDQRQLFDO�IRUP�≠ PLQLPDO�IRUP
)�$��%��&�  �$
%
&���$
%&���$%
&���$%&���$%&
�

 ��$
%
���$
%���$%
���$%�&���$%&

 ���$
���$��%
���%��&���$%&

 �&���$%&

 �$%&
���&
 �$%���&

6XP�RI�SURGXFWV�FDQRQLFDO�IRUP��FRQW·G�

q 3URGXFW�WHUP��RU PLQWHUP�
½ $1'HG SURGXFW�RI�OLWHUDOV�± LQSXW�FRPELQDWLRQ�IRU�ZKLFK�RXWSXW�LV�WUXH
½ HDFK�YDULDEOH�DSSHDUV�H[DFWO\�RQFH��LQ�WUXH�RU�LQYHUWHG�IRUP��EXW�QRW�ERWK�
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3URGXFW�RI�VXPV�FDQRQLFDO�IRUP

q $OVR�NQRZQ�DV�FRQMXQFWLYH�QRUPDO�IRUP

q $OVR�NQRZQ�DV PD[WHUP H[SDQVLRQ

�$���%���&� �$���%
���&� �$
���%���&�Read: F is not false if…

Read: F is not true if…
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$ % & PD[WHUPV
� � � $�%�& 0�
� � � $�%�&
 0�
� � � $�%
�& 0�
� � � $�%
�&
 0�
� � � $
�%�& 0�
� � � $
�%�&
 0�
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�%
�& 0�
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�&
 0�

VKRUW�KDQG�QRWDWLRQ�IRU
PD[WHUPV RI���YDULDEOHV

)�LQ�FDQRQLFDO�IRUP�
)�$��%��&�  �Π0�������

 ��0����0����0�
 ���$���%���&���$���%
���&���$
���%���&�

FDQRQLFDO�IRUP�≠ PLQLPDO�IRUP
)�$��%��&�  ��$���%���&���$���%
���&���$
���%���&�

 ��$���%���&���$���%
���&�
�$���%���&���$
���%���&�

 ��$���&���%���&�

3URGXFW�RI�VXPV�FDQRQLFDO�IRUP��FRQW·G�

q 6XP�WHUP��RU PD[WHUP�
½ 25HG VXP�RI�OLWHUDOV�± LQSXW�FRPELQDWLRQ�IRU�ZKLFK�RXWSXW�LV�IDOVH
½ HDFK�YDULDEOH�DSSHDUV�H[DFWO\�RQFH��LQ�WUXH�RU�LQYHUWHG�IRUP��EXW�QRW�
ERWK�
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6�R�3��3�R�6��DQG�GH�0RUJDQ·V�WKHRUHP

q 6XP�RI�SURGXFWV
½ )
� �$
%
&
���$
%&
���$%
&


q $SSO\�GH�0RUJDQ
V
½ �)
�
� ��$
%
&
���$
%&
���$%
&
�

½ )� ��$���%���&���$���%
���&���$
���%���&�

q 3URGXFW�RI�VXPV
½ )
� ��$���%���&
���$���%
���&
���$
���%���&
���$
���%
���&���$
���%
���&
�

q $SSO\�GH�0RUJDQ
V
½ �)
�
� ����$���%���&
��$���%
���&
��$
���%���&
��$
���%
���&��$
 ��%
���&
���

½ )� �$
%
&���$
%&���$%
&���$%&
���$%&

Why go through all this?  
Sometimes the intuitively easy solution gives you F’!!
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FDQRQLFDO�VXP�RI�SURGXFWV
6LPSOH�H[SUHVVLRQV�
³FRYHU´�PDQ\�FDVHV

PLQLPL]HG�VXP�RI�SURGXFWV

FDQRQLFDO�SURGXFW�RI�VXPV

PLQLPL]HG�SURGXFW�RI�VXPV

F1

F2

F3

B

A

C

F4

&RPSDULVRQ�RI�IRUPV

)� �$%���&
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:DYHIRUPV�IRU�WKH�IRXU�DOWHUQDWLYHV

q :DYHIRUPV�DUH�HVVHQWLDOO\�LGHQWLFDO
½ H[FHSW�IRU�WLPLQJ�KD]DUGV��JOLWFKHV�
½ GHOD\V�DOPRVW�LGHQWLFDO��PRGHOHG�DV�D�GHOD\�SHU�OHYHO��QRW�W\SH�RI�JDWH�RU�
QXPEHU�RI�LQSXWV�WR�JDWH�
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0DSSLQJ�EHWZHHQ�FDQRQLFDO�IRUPV

q 0LQWHUP WR PD[WHUP FRQYHUVLRQ
½ XVH PD[WHUPV ZKRVH�LQGLFHV�GR�QRW�DSSHDU�LQ PLQWHUP H[SDQVLRQ
½ H�J���)�$�%�&�� �ΣP������������ �Π0�������

q 0D[WHUP WR PLQWHUP FRQYHUVLRQ
½ XVH PLQWHUPV ZKRVH�LQGLFHV�GR�QRW�DSSHDU�LQ PD[WHUP H[SDQVLRQ
½ H�J���)�$�%�&�� �Π0�������� �ΣP�����������

q 0LQWHUP H[SDQVLRQ�RI�)�WR PLQWHUP H[SDQVLRQ�RI�)

½ XVH PLQWHUPV ZKRVH�LQGLFHV�GR�QRW�DSSHDU
½ H�J���)�$�%�&�� �ΣP�������������VR��)
�$�%�&�� ΣP�������

q 0D[WHUP H[SDQVLRQ�RI�)�WR PD[WHUP H[SDQVLRQ�RI�)

½ XVH PD[WHUPV ZKRVH�LQGLFHV�GR�QRW�DSSHDU
½ H�J���)�$�%�&�� �Π0�������� VR���)
�$�%�&�� Π0�����������
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� � � � ; ; ; ;
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RII�VHW�RI�:

WKHVH�LQSXWV�SDWWHUQV�VKRXOG�
QHYHU�EH�HQFRXQWHUHG�LQ�SUDFWLFH�
± �GRQ
W�FDUH� DERXW�DVVRFLDWHG�
RXWSXW�YDOXHV��FDQ�EH�H[SORLWHG
LQ�PLQLPL]DWLRQ

,QFRPSOHWHOH\�VSHFLILHG�IXQFWLRQV

q ([DPSOH��ELQDU\�FRGHG�GHFLPDO�LQFUHPHQW�E\��
½ %&'�GLJLWV�HQFRGH�WKH�GHFLPDO�GLJLWV���± ��LQ�WKH�ELW�SDWWHUQV������± ����

GRQ
W�FDUH��'&��VHW�RI�:

RQ�VHW�RI�:
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1RWDWLRQ�IRU�LQFRPSOHWHO\�VSHFLILHG�IXQFWLRQV

q 'RQ
W�FDUHV�DQG�FDQRQLFDO�IRUPV
½ VR�IDU��RQO\�UHSUHVHQWHG�RQ�VHW
½ DOVR�UHSUHVHQW�GRQ
W�FDUH�VHW
½ QHHG�WZR�RI�WKH�WKUHH�VHWV��RQ�VHW��RII�VHW��GF�VHW�

q &DQRQLFDO�UHSUHVHQWDWLRQV�RI�WKH�%&'�LQFUHPHQW�E\���IXQFWLRQ�

½ =� �P����P����P����P����P����G�����G�����G�����G�����G�����G��
½ =� �Σ >�P��������������G��������������������@

½ =� �0����0����0����0����0����'�����'�����'�����'�����'�����'��
½ =� �Π >�0��������������'������������������� @
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6LPSOLILFDWLRQ�RI�WZR�OHYHO�FRPELQDWLRQDO�ORJLF

q )LQGLQJ�D�PLQLPDO�VXP�RI�SURGXFWV�RU�SURGXFW�RI�VXPV�UHDOL]DWLRQ
½ H[SORLW�GRQ
W�FDUH�LQIRUPDWLRQ�LQ�WKH�SURFHVV

q $OJHEUDLF�VLPSOLILFDWLRQ
½ QRW�DQ�DOJRULWKPLF�V\VWHPDWLF�SURFHGXUH
½ KRZ�GR�\RX�NQRZ�ZKHQ�WKH�PLQLPXP�UHDOL]DWLRQ�KDV�EHHQ�IRXQG"

q &RPSXWHU�DLGHG�GHVLJQ�WRROV
½ SUHFLVH�VROXWLRQV�UHTXLUH�YHU\�ORQJ�FRPSXWDWLRQ�WLPHV��HVSHFLDOO\�IRU�
IXQFWLRQV�ZLWK�PDQ\�LQSXWV��!����

½ KHXULVWLF�PHWKRGV�HPSOR\HG�± �HGXFDWHG�JXHVVHV��WR�UHGXFH�DPRXQW�RI�
FRPSXWDWLRQ�DQG�\LHOG�JRRG�LI�QRW�EHVW�VROXWLRQV

q +DQG�PHWKRGV�VWLOO�UHOHYDQW
½ WR�XQGHUVWDQG�DXWRPDWLF�WRROV�DQG�WKHLU�VWUHQJWKV�DQG�ZHDNQHVVHV
½ DELOLW\�WR�FKHFN�UHVXOWV��RQ�VPDOO�H[DPSOHV�

q 1H[W���1RQ�DOJHEUDLF�PHWKRGV�IRU�VLPSOLI\LQJ���OHYHO�ORJLF


