
�

&6���� 1RWHV��� �

&6������'DWDEDVH�6\VWHP
3ULQFLSOHV

1RWHV�����)DLOXUH�5HFRYHU\

+HFWRU�*DUFLD�0ROLQD
�6RPH�PRGLILFDWLRQV�E\�&KULV�2OVWRQ�

&6���� 1RWHV��� �

3$57�,,

� &UDVK�UHFRYHU\����OHFWXUHV� &K��
� &RQFXUUHQF\�FRQWURO����OHFWXUHV� &K��
� 7UDQVDFWLRQ�SURFHVVLQJ����OHFWV� &K���
� ,QIRUPDWLRQ�LQWHJUDWLRQ����OHFW� &K���

&6���� 1RWHV��� �

$&,'�3URSHUWLHV
� $WRPLFLW\
± $FWLRQV�DUH�QHYHU�OHIW�SDUWLDOO\�H[HFXWHG

� &RQVLVWHQF\
± $FWLRQV�OHDYH�WKH�'%�LQ�D�FRQVLVWHQW�VWDWH

� ,VRODWLRQ
± $FWLRQV�DUH�QRW�DIIHFWHG�E\�RWKHU
FRQFXUUHQW�DFWLRQV

� 'XUDELOLW\
± (IIHFWV�RI�FRPSOHWHG�DFWLRQV�DUH�UHVLOLHQW
DJDLQVW�V\VWHP�IDLOXUHV

&6���� 1RWHV��� �

,QWHJULW\�RU�FRUUHFWQHVV�RI�GDWD

� :RXOG�OLNH�GDWD�WR�EH�³DFFXUDWH´�RU
³FRUUHFW´�DW�DOO�WLPHV

�������(03 1DPH

:KLWH
*UHHQ
*UD\

$JH

��
����
�

A
Consistency
 I
D

&6���� 1RWHV��� �

,QWHJULW\�RU�FRQVLVWHQF\�FRQVWUDLQWV

� 3UHGLFDWHV�GDWD�PXVW�VDWLVI\
� ([DPSOHV�
��[�LV�NH\�RI�UHODWLRQ�5

��[�→�\�KROGV�LQ�5

��'RPDLQ�[�� �^5HG��%OXH��*UHHQ`

− α LV�YDOLG�LQGH[�IRU�DWWULEXWH�[�RI�5
��QR�HPSOR\HH�VKRXOG�PDNH�PRUH�WKDQ
WZLFH�WKH�DYHUDJH�VDODU\

&6���� 1RWHV��� �

'HILQLWLRQ�

� &RQVLVWHQW�VWDWH��VDWLVILHV�DOO�FRQVWUDLQWV
� &RQVLVWHQW�'%��'%�LQ�FRQVLVWHQW�VWDWH



�

&6���� 1RWHV��� �

&RQVWUDLQWV��DV�ZH�XVH�KHUH��PD\
QRW�FDSWXUH�³IXOO�FRUUHFWQHVV´

([DPSOH�����7UDQVDFWLRQ�FRQVWUDLQWV
� :KHQ�VDODU\�LV�XSGDWHG�

QHZ�VDODU\�!��ROG�VDODU\
� :KHQ�DFFRXQW�UHFRUG�LV�GHOHWHG�

EDODQFH� ��

&6���� 1RWHV��� �

1RWH��FRXOG�EH�³HPXODWHG´�E\�VLPSOH
FRQVWUDLQWV��H�J��

DFFRXQW $FFW�� «� EDODQFH GHOHWHG"

&6���� 1RWHV��� �

([DPSOH�������'DWDEDVH�VKRXOG�UHIOHFW
UHDO�ZRUOG

'%
5HDOLW\

&RQVWUDLQWV��DV�ZH�XVH�KHUH��PD\
QRW�FDSWXUH�³IXOO�FRUUHFWQHVV´

&6���� 1RWHV��� ��

?LQ�DQ\�FDVH��FRQWLQXH�ZLWK�FRQVWUDLQWV���

2EVHUYDWLRQ���'%�FDQQRW�EH�FRQVLVWHQW�
DOZD\V�

([DPSOH��D����D���«��DQ� �727��FRQVWUDLQW�
'HSRVLW������LQ�D�����D���←��D�������

727��←��727������

&6���� 1RWHV��� ��

����D�

�����727

�
�

��

�
�

����

�
�

���

�
�

����

�
�

���

�
�

����

([DPSOH��D����D���«��DQ� �727��FRQVWUDLQW�
'HSRVLW������LQ�D�����D���←��D�������

727��←��727������

&6���� 1RWHV��� ��

7UDQVDFWLRQ���FROOHFWLRQ�RI�DFWLRQV�
WKDW�SUHVHUYH�FRQVLVWHQF\

&RQVLVWHQW�'% &RQVLVWHQW�'%¶7



�

&6���� 1RWHV��� ��

%LJ�DVVXPSWLRQ�

,I�7�VWDUWV�ZLWK�FRQVLVWHQW�VWDWH��
������7�H[HFXWHV�LQ�LVRODWLRQ

⇒�7�OHDYHV�FRQVLVWHQW�VWDWH

&6���� 1RWHV��� ��

&RUUHFWQHVV���LQIRUPDOO\�

� ,I�ZH�VWRS�UXQQLQJ�WUDQVDFWLRQV�
'%�OHIW�FRQVLVWHQW

� (DFK�WUDQVDFWLRQ�VHHV�D�FRQVLVWHQW�'%

&6���� 1RWHV��� ��

+RZ�FDQ�FRQVWUDLQWV�EH�YLRODWHG"

� 7UDQVDFWLRQ�EXJ
� '%06�EXJ
� +DUGZDUH�IDLOXUH

H�J���GLVN�FUDVK�DOWHUV�EDODQFH�RI�DFFRXQW

� 'DWD�VKDULQJ
H�J���7���JLYH�����UDLVH�WR�SURJUDPPHUV

�7���FKDQJH�SURJUDPPHUV�⇒�V\VWHPV�DQDO\VWV

&6���� 1RWHV��� ��

+RZ�FDQ�ZH�SUHYHQW�IL[�YLRODWLRQV"

� &KDSWHU����GXH�WR�IDLOXUHV�RQO\
� &KDSWHU����GXH�WR�GDWD�VKDULQJ�RQO\
� &KDSWHU�����GXH�WR�IDLOXUHV�DQG�VKDULQJ

&6���� 1RWHV��� ��

:LOO�QRW�FRQVLGHU�

� +RZ�WR�ZULWH�FRUUHFW�WUDQVDFWLRQV
� +RZ�WR�ZULWH�FRUUHFW�'%06
� &RQVWUDLQW�FKHFNLQJ�	�UHSDLU

7KDW�LV��VROXWLRQV�VWXGLHG�KHUH�GR�QRW�QHHG

WR�NQRZ�FRQVWUDLQWV

&6���� 1RWHV��� ��

&KDSWHU�� 5HFRYHU\

� )LUVW�RUGHU�RI�EXVLQHVV�
)DLOXUH�0RGHO



�

&6���� 1RWHV��� ��

(YHQWV �'HVLUHG
�8QGHVLUHG �([SHFWHG

�8QH[SHFWHG

&6���� 1RWHV��� ��

2XU�IDLOXUH�PRGHO

����SURFHVVRU

PHPRU\���� ����GLVN

&38

0 '

&6���� 1RWHV��� ��

'HVLUHG�HYHQWV��VHH�SURGXFW�PDQXDOV«�

8QGHVLUHG�H[SHFWHG�HYHQWV�
6\VWHP�FUDVK

��PHPRU\�ORVW
��FSX�KDOWV��UHVHWV

8QGHVLUHG�8QH[SHFWHG�����(YHU\WKLQJ�HOVH�

WKDW¶V�LW��

&6���� 1RWHV��� ��

([DPSOHV�
� 'LVN�GDWD�LV�ORVW
� 0HPRU\�ORVW�ZLWKRXW�&38�KDOW
� &38�FDWFKHV�ILUH
� &DU�VPDVKHV�LQWR�GDWD�FHQWHU
� �<RX�JHW�WKH�LGHD�«�

8QGHVLUHG�8QH[SHFWHG�����(YHU\WKLQJ�HOVH�

&6���� 1RWHV��� ��

,V�WKLV�PRGHO�UHDVRQDEOH"

,Q�RXU�PRGHO��GDWD�LV�HLWKHU�RND\�RU�³ORVW´

$VVXPHV�ZH�FDQ�GHWHFW�FRUUXSWLRQ�DQG
WUHDW�LW�DV�ORVW�GDWD

&6���� 1RWHV��� ��

'HWHFWLQJ�FRUUXSWLRQ

$SSURDFK���$GG�ORZ�OHYHO�FKHFNV��
��UHGXQGDQF\�WR�LQFUHDVH
��SUREDELOLW\�PRGHO�KROGV

(�J����'LVN�FKHFNVXPV
�0HPRU\�SDULW\
�&38�FKHFNV��UXQ�FRGH�WZLFH



�

&6���� 1RWHV��� ��

6HFRQG�RUGHU�RI�EXVLQHVV�

6WRUDJH�KLHUDUFK\

0HPRU\������������������'LVN

[ [

&6���� 1RWHV��� ��

2SHUDWLRQV�

� ,QSXW��[�����EORFN�ZLWK�[�→�PHPRU\
� 2XWSXW��[���EORFN�ZLWK�[�→�GLVN

� 5HDG��[�W���GR�LQSXW�[��LI�QHFHVVDU\
�����W�←�YDOXH�RI�[�LQ�EORFN

� :ULWH��[�W���GR�LQSXW�[��LI�QHFHVVDU\
�����YDOXH�RI�[�LQ�EORFN�←�W

&6���� 1RWHV��� ��

� 8QGHVLUHG�H[SHFWHG��V\VWHP�FUDVK
± 'DWD�RQ�GLVN�VWLOO�WKHUH�RQ�UHVWDUW�����������QH[W

� 8QGHVLUHG�XQH[SHFWHG�
��������������������������PHGLD�IDLOXUH
��������������������������FDWDVWURSKLF�IDLOXUH
± 'DWD�RQ�GLVN�GLVNV�ORVW���������������������������ODWHU

)DLOXUH�PRGHV�

&6���� 1RWHV��� ��

3UREOHP������7UDQVDFWLRQ�FRPSOHWHG�
������������������EXW�UHVXOWV�RQO\�LQ�PHPRU\

,I�V\VWHP�FUDVKHV��HIIHFWV�RI�WUDQVDFWLRQ�ORVW

6ROXWLRQ��'RQ¶W�WHOO�XVHU�WKH�WUDQVDFWLRQ�KDV
³FRPPLWWHG´�XQWLO�DOO�HIIHFWV�DUH�RQ�GLVN

6\VWHP�&UDVK
A
C
 I
Durability

&6���� 1RWHV��� ��

3UREOHP������8QILQLVKHG�WUDQVDFWLRQ

([DPSOH &RQVWUDLQW��$ %
�7����$��←��$�×��
�������%��←���%�×��

6\VWHP�&UDVK

&6���� 1RWHV��� ��

7�� 5HDG��$�W����W�←�W×�
:ULWH��$�W��
5HDG��%�W����W�←�W×�
:ULWH��%�W��
2XWSXW��$��
2XWSXW��%��

$���
%���

$���
%���

PHPRU\ GLVN

��
��

��

FUDVK�



�

&6���� 1RWHV��� ��

� 1HHG�DWRPLFLW\���H[HFXWH�DOO�DFWLRQV�RI
�� D�WUDQVDFWLRQ�RU�QRQH

DW�DOO

� 6ROXWLRQ��ORJJLQJ

Atomicity
C
 I
D

&6���� 1RWHV��� ��

2QH�YDULDWLRQ��XQGR�ORJJLQJ���LPPHGLDWH

PRGLILFDWLRQ�

GXH�WR��+DQVHO�DQG�*UHWHO������$'

� ,PSURYHG�LQ�����$'�WR�GXUDEOH
���XQGR�ORJJLQJ

&6���� 1RWHV��� ��

7�� 5HDG��$�W����W�←�W×����������$ %
:ULWH��$�W��
5HDG��%�W����W�←�W×�
:ULWH��%�W��
2XWSXW��$��
2XWSXW��%��

$��
%��

$��
%��

PHPRU\ GLVN ORJ

�8QGR�ORJJLQJ�����,PPHGLDWH�PRGLILFDWLRQ�

��
��

�7���VWDUW!
�7���$���!

�7���FRPPLW!
�� �7���%���!

��

&6���� 1RWHV��� ��

$VVXPSWLRQ

� /RJJLQJ�³IDNHV´�DWRPLFLW\�E\�XQGRLQJ
ZULWHV�RI�SDUWLDOO\�FRPSOHWHG�[DFWV

� $VVXPSWLRQ��ZULWLQJ�D�EORFN�LV�DWRPLF
� $WRPLFLW\�RI�EORFN�ZULWHV�LV�LWVHOI�³IDNHG´�E\
ORZ�OHYHO�FKHFNV

� $QG�VR�LW�JRHV�«

� $W�WKH�ERWWRP��WKHUH�PXVW�EH�VRPH
LQWULQVLFDOO\�DWRPLF�DFWLRQ��ZULWLQJ�D�ELW"�

&6���� 1RWHV��� ��

2QH�³FRPSOLFDWLRQ´

� /RJ�LV�ILUVW�ZULWWHQ�LQ�PHPRU\
� 1RW�ZULWWHQ�WR�GLVN�RQ�HYHU\�DFWLRQ

PHPRU\

'%

/RJ

$������
%������
/RJ�
�7��VWDUW!
�7���$���!
�7���%���!

$���
%���

��
%$'�67$7(

���

&6���� 1RWHV��� ��

2QH�³FRPSOLFDWLRQ´

� /RJ�LV�ILUVW�ZULWWHQ�LQ�PHPRU\
� 1RW�ZULWWHQ�WR�GLVN�RQ�HYHU\�DFWLRQ

PHPRU\

'%

���/RJ

$������
%������
/RJ�
�7��VWDUW!
�7���$���!
�7���%���!
�7���FRPPLW!

$���
%���

��
%$'�67$7(

���

�7���%���!
�7���FRPPLW!

�

�

�



�

&6���� 1RWHV��� ��

8QGR�ORJJLQJ�UXOHV

����)RU�HYHU\�DFWLRQ�JHQHUDWH�XQGR�ORJ
UHFRUG��FRQWDLQLQJ�ROG�YDOXH�

����%HIRUH�[�LV�PRGLILHG�RQ�GLVN��ORJ
UHFRUGV�SHUWDLQLQJ�WR�[�PXVW�EH
RQ�GLVN��ZULWH�DKHDG�ORJJLQJ��:$/�

����%HIRUH�FRPPLW�LV�IOXVKHG�WR�ORJ��DOO
ZULWHV�RI�WUDQVDFWLRQ�PXVW�EH
UHIOHFWHG�RQ�GLVN

&6���� 1RWHV��� ��

5HFRYHU\�UXOHV����������8QGR�ORJJLQJ

� )RU�HYHU\�7L���ZLWK��7L��VWDUW!�LQ�ORJ�
��,I��7L�FRPPLW!�RU��7L�DERUW!

�������������������LQ�ORJ��GR�QRWKLQJ
��(OVH���)RU�DOO��7L��;��Y!�LQ�ORJ�

ZULWH��;��Y�
RXWSXW��;��

����:ULWH��7L��DERUW!�WR�ORJ

➽,6�7+,6�&255(&7""

&6���� 1RWHV��� ��

5HFRYHU\�UXOHV����������8QGR�ORJJLQJ

����/HW�6� �VHW�RI�WUDQVDFWLRQV�ZLWK
�7L��VWDUW!�LQ�ORJ��EXW�QR

�7L��FRPPLW!��RU��7L��DERUW!��UHFRUG�LQ�ORJ

����)RU�HDFK��7L��;��Y!�LQ�ORJ�

��LQ�UHYHUVH�RUGHU��ODWHVW�→�HDUOLHVW��GR�
��LI�7L�∈�6�WKHQ������ZULWH��;��Y�

�����������RXWSXW��;�

����)RU�HDFK�7L�∈�6�GR
��ZULWH��7L��DERUW!�WR�ORJ

&6���� 1RWHV��� ��

:KDW�LI�IDLOXUH�GXULQJ�UHFRYHU\"
1R�SUREOHP�����✏�8QGR�LGHPSRWHQW

&6���� 1RWHV��� ��

7R�GLVFXVV�

� 5HGR�ORJJLQJ
� 8QGR�UHGR�ORJJLQJ��ZK\�ERWK"
� 5HDO�ZRUOG�DFWLRQV
� &KHFNSRLQWV
� 0HGLD�IDLOXUHV
� &DWDVWURSKLF�IDLOXUHV

&6���� 1RWHV��� ��

5HGR�ORJJLQJ���GHIHUUHG�PRGLILFDWLRQ�

7��� 5HDG�$�W���W���W×���ZULWH��$�W��
�� 5HDG�%�W���W���W×���ZULWH��%�W��
2XWSXW�$���2XWSXW�%�

$���
%���

$���
%���

PHPRU\ '% �/2*

��
��

�7���VWDUW!
�7���$����!
�7���%����!
�7���FRPPLW!

RXWSXW
��



�

&6���� 1RWHV��� ��

5HGR�ORJJLQJ�UXOHV

����)RU�HYHU\�DFWLRQ��JHQHUDWH�UHGR�ORJ
UHFRUG��FRQWDLQLQJ�QHZ�YDOXH�

����%HIRUH�;�LV�PRGLILHG�RQ�GLVN��'%��
DOO�ORJ�UHFRUGV�IRU�WUDQVDFWLRQ�WKDW
PRGLILHG�;��LQFOXGLQJ�FRPPLW��PXVW

����EH�RQ�GLVN
����)OXVK�ORJ�DW�FRPPLW

&6���� 1RWHV��� ��

� )RU�HYHU\�7L�ZLWK��7L��FRPPLW!�LQ�ORJ�
± )RU�DOO��7L��;��Y!�LQ�ORJ�

:ULWH�;��Y�

2XWSXW�;�

5HFRYHU\�UXOHV����������5HGR�ORJJLQJ

➽,6�7+,6�&255(&7""

&6���� 1RWHV��� ��

����/HW�6� �VHW�RI�WUDQVDFWLRQV�ZLWK
�7L��FRPPLW!�LQ�ORJ

����)RU�HDFK��7L��;��Y!�LQ�ORJ��LQ�IRUZDUG
���RUGHU��HDUOLHVW�→�ODWHVW��GR�
��LI�7L�∈�6�WKHQ��:ULWH�;��Y�

�2XWSXW�;�� RSWLRQDO

5HFRYHU\�UXOHV����������5HGR�ORJJLQJ

&6���� 1RWHV��� ��

5HFRYHU\�LV�YHU\��YHU\�6/2:��
5HGR�ORJ�

)LUVW 7��ZURWH�$�% /DVW

5HFRUG &RPPLWWHG�D�\HDU�DJR 5HFRUG

���\HDU�DJR� ��!�67,//��1HHG�WR�UHGR�DIWHU�FUDVK��

��� ��� ���

&UDVK

&6���� 1RWHV��� ��

6ROXWLRQ���&KHFNSRLQW������VLPSOH�YHUVLRQ�

3HULRGLFDOO\�
����'R�QRW�DFFHSW�QHZ�WUDQVDFWLRQV
����:DLW�XQWLO�DOO�WUDQVDFWLRQV�ILQLVK
����)OXVK�DOO�ORJ�UHFRUGV�WR�GLVN��ORJ�
����)OXVK�DOO�EXIIHUV�WR�GLVN��'%���GR�QRW�GLVFDUG�EXIIHUV�
����:ULWH�³FKHFNSRLQW´�UHFRUG�RQ�GLVN��ORJ�
����5HVXPH�WUDQVDFWLRQ�SURFHVVLQJ

&6���� 1RWHV��� ��

([DPSOH��ZKDW�WR�GR�DW�UHFRYHU\"

5HGR�ORJ��GLVN��

�
7
�
�$
��
�
!

�
7
�
�F
R
P
P
LW
!

&
K
H
F
N
S
R
LQ
W

�
7
�
�%
��
�
!

�
7
�
�F
R
P
P
LW
!

�
7
�
�&
��
�
!

&UDVK
��� ��� ��� ��� ��� ���
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&6���� 1RWHV��� ��

� :DQW�WR�EH�DEOH�WR�FKHFNSRLQW�ZLWKRXW
EULQJLQJ�WKH�V\VWHP�WR�D�KDOW

� (VSHFLDOO\�LI�WUDQVDFWLRQV�UXQ�IRU�D�ORQJ
WLPH

� 6ROXWLRQ��1RQTXLHVFHQW�FKHFNSRLQWLQJ
± :LOO�JHW�WR�WKLV�VRRQ«

%HWWHU��)X]]\�&KHFNSRLQWLQJ

&6���� 1RWHV��� ��

.H\�GUDZEDFNV���ZLWK�UHVSHFW�WR
�����EXIIHU�PDQDJHPHQW�

� 8QGR�ORJJLQJ�

PXVW�)25&(�GDWD�WR�GLVN�WR�FRPPLW

� 5HGR�ORJJLQJ�

QHHG�WR�NHHS�DOO�PRGLILHG�EORFNV�LQ
��PHPRU\�XQWLO�FRPPLW

�RWKHU�[DFWV�FDQ¶W�67($/�EXIIHU�SDJHV�

&6���� 1RWHV��� ��

12�)25&(

)25&(

12�67($/ 67($/

81'2�ORJJLQJ

5('2�ORJJLQJ

QR�ORJJLQJ

81'2�5('2
ORJJLQJ

2QO\�ZRUNV�LI�[DFWV�RQO\�PRGLI\�RQH�EORFN��DQG
QR�WZR�FRQFXUUHQW�[DFWV�PRGLI\�VDPH�EORFN

QH[W

/RJJLQJ�7D[RQRP\

&6���� 1RWHV��� ��

6ROXWLRQ��XQGR�UHGR�ORJJLQJ�

8SGDWH�;��⇒���7L��;LG��2OG�;�YDO��1HZ�;�YDO!

&6���� 1RWHV��� ��

8QGR�5HGR�/RJJLQJ�5XOHV

� (OHPHQW�;�FDQ�EH�IOXVKHG�EHIRUH�RU
���DIWHU�7L�FRPPLW
�����%XIIHU�PDQDJHU�KDV�FRPSOHWH�IUHHGRP�

� %HIRUH�IOXVKLQJ�D�SDJH��DOO�FRUUHVSRQGLQJ
ORJ�UHFRUGV�IOXVKHG��:$/�

� )OXVK�ORJ�EHIRUH�FRPPLW

&6���� 1RWHV��� ��

1RQ�TXLHVFH�FKHFNSRLQW

/
2
*

���IRU
����XQGR GLUW\�EXIIHU

SRRO�SDJHV
IOXVKHG

6WDUW�FNSW
DFWLYH�75�
7L�7�����

HQG
FNSW

���������

�

�

�



��

&6���� 1RWHV��� ��

([DPSOHV���ZKDW�WR�GR�DW�UHFRYHU\�WLPH"

����QR�7��FRPPLW

/
2
*

7��
D

���
&NSW
7�

���
&NSW
HQG

���
7��
E

���

➽�8QGR�7����XQGR�D�E�

&6���� 1RWHV��� ��

([DPSOH

/
2
*

���
7�
D

��� ���
7�
E

��� ���
7�
F

���
7�
FPW

���
FNSW�
HQG

FNSW�
7�

➽�5HGR�7����UHGR�E�F�

&6���� 1RWHV��� ��

5HFRYHU\�SURFHVV�
� %DFNZDUG�SDVV��HQG�RI�ORJ�➜�ODWHVW�FKHFNSRLQW�VWDUW�

± FRQVWUXFW�VHW�&�RI�WUDQVDFWLRQV�WKDW�FRPPLWWHG
VLQFH�FKHFNSRLQW�VWDUW

± 8QGR�DFWLRQV�RI�XQFRPPLWWHG�WUDQVDFWLRQV

� )LQLVK�XQGR��IROORZ�XQGR�FKDLQV�

± 8QGR�DOO�DFWLRQV�RI�WUDQVDFWLRQV�QRW�LQ�&

� )RUZDUG�SDVV��ODWHVW�FKHFNSRLQW�VWDUW�➜�HQG�RI�ORJ�

± 5HGR�DFWLRQV�RI�&�WUDQVDFWLRQV

EDFNZDUG�SDVV��DQDO\VLV���XQGR�

IRUZDUG�SDVV��UHGR�
VWDUW
FKHFN�
SRLQWPRUH�XQGR

&6���� 1RWHV��� ��

5HDO�ZRUOG�DFWLRQV

(�J���ILUH�PLVVLOH
7L� �D��D��«����DM�«����DQ

&DQ¶W�XQGR�
�:HOO��QRW�\HW�DQ\ZD\�«��J�

&6���� 1RWHV��� ��

6ROXWLRQ

([HFXWH�UHDO�ZRUOG�DFWLRQV�DIWHU�FRPPLW

:RUNV�IRU�DFWLRQV�WKDW�DUH�LGHPSRWHQW

,I�PLVVLOH�DOUHDG\�ODXQFKHG��³ILOH�PLVVLOH´
FRPPDQG�KDV�QR�HIIHFW��DVVXPLQJ�RQH
PLVVLOH�SHU�ODXQFKHU�VLOR�

&6���� 1RWHV��� ��

1RQ�LGHPSRWHQW�UHDO�ZRUOG�DFWLRQV

(�J���GLVSHQVH�FDVK�DW�$70
7L� �D��D��«����DM�«����DQ

�

&DQ¶W�XQGR�
�³3OHDVH�UHLQVHUW�FDVK´��J�

1RW�LGHPSRWHQW�
�$YRLG�GLVSHQVLQJ�FDVK�WZLFH�



��

&6���� 1RWHV��� ��

6ROXWLRQ

'HVLJQ�V\VWHP�	�WUDQVDFWLRQ�VR�ILQDO
DFWLRQ�LV�LGHPSRWHQW

� 3XW�FDVK�LQ�ER[

� :ULWH�FRPPLW�UHFRUG

� 2SHQ�GRRU��LGHPSRWHQW�

:KDW�KDSSHQV
LI�FUDVK�KHUH"

KHUH"

�

GRRU

ER[

������VXSSO\

&6���� 1RWHV��� ��

� 8QGHVLUHG�H[SHFWHG��V\VWHP�FUDVK
± 'DWD�RQ�GLVN�VWLOO�WKHUH�RQ�UHVWDUW

± 6ROXWLRQ��DWRPLFLW\�YLD�ORJJLQJ

� 8QGHVLUHG�XQH[SHFWHG�
��������������������������PHGLD�IDLOXUH
��������������������������FDWDVWURSKLF�IDLOXUH
± 'DWD�RQ�GLVN�GLVNV�ORVW���������������������������QH[W

)DLOXUH�PRGHV�

&6���� 1RWHV��� ��

0HGLD�IDLOXUH

����ORVV�RI
�����QRQ�YRODWLOH�VWRUDJH�

$����

6ROXWLRQ���0DNH�FRSLHV�RI�GDWD�

A
C
 I
Durability+

&6���� 1RWHV��� ��

([DPSOH����5$,'

� $UUD\�RI�GLVNV�ZLWK�UHGXQGDQF\
� 5$,'����RQH�H[WUD�GLVN�IRU�³SDULW\´
� 2XWSXW�;����!�ZULWH�WR�GLVN����XSGDWH��
� ,QSXW�;����!�UHDG�GLVN��

; < ;���<

GDWD�GLVNV SDULW\�GLVN

� � �

&6���� 1RWHV��� ��

5HFRYHU\�LQ�5$,'��

� ,I�RQH�GLVN�IDLOV��UHFRQVWUXFW�LW
XVLQJ�WKH�RWKHU�WZR�GLVNV

; < ;���<

➳�$VVXPHV�EDG�GDWD�FDQ�EH�GHWHFWHG

&6���� 1RWHV��� ��

([DPSOH������)XOO\�UHGXQGDQW�ZULWHV�
��6LQJOH�UHDGV

� .HHS�1�FRSLHV�RQ�VHSDUDWH�GLVNV
� 2XWSXW�;����!�1�RXWSXWV
� ,QSXW�;����!�,QSXW�RQH�FRS\

��LI�RN��GRQH
��HOVH�WU\�DQRWKHU�RQH

➳�$VVXPHV�EDG�GDWD�FDQ�EH�GHWHFWHG



��

&6���� 1RWHV��� ��

([DPSOH����7ULSOH�PRGXODU�UHGXQGDQF\

� .HHS���FRSLHV�RQ�VHSDUDWH�GLVNV
� 2XWSXW�;����!�WKUHH�RXWSXWV
� ,QSXW�;����!�WKUHH�LQSXWV���YRWH

;� ;� ;�

➳�3URWHFWV�DJDLQVW�XQGHWHFWHG�EDG�GDWD

&6���� 1RWHV��� ��

([DPSOH�����'%�'XPS���/RJ

DFWLYH
GDWDEDVH

EDFNXS
GDWDEDVH

ORJ

��,I�DFWLYH�GDWDEDVH�LV�ORVW�
±�UHVWRUH�DFWLYH�GDWDEDVH�IURP�EDFNXS
±�EULQJ�XS�WR�GDWH�XVLQJ�UHGR�HQWULHV�LQ�ORJ

&DQ¶W�XVH�XQGR�RQO\�ORJJLQJ�

&6���� 1RWHV��� ��

:KHQ�FDQ�ORJ�EH�GLVFDUGHG"

FKHFN�
SRLQW

GE
GXPS

ODVW
QHHGHG
XQGR

QRW�QHHGHG�IRU
PHGLD�UHFRYHU\

QRW�QHHGHG�IRU�XQGR
DIWHU�V\VWHP�IDLOXUH

QRW�QHHGHG�IRU
UHGR�DIWHU�V\VWHP�IDLOXUH

ORJ

WLPH

&6���� 1RWHV��� ��

� $UUD\�RI�GLVNV�ZRQ¶W�KHOS�LQ�FDVH�RI�

± )LUH

± ([SORVLRQ

± (DUWKTXDNH

± *RG]LOOD

± $OVR��YDQGDOLVP��YLUXVHV

&DWDVWURSKLF�)DLOXUH

&6���� 1RWHV��� ��

� *HRJUDSKLFDOO\�GLVWULEXWHG�FRSLHV�

6ROXWLRQ

EDFNXS
GDWDEDVH

DFWLYH
GDWDEDVH

6DQ�)UDQFLVFR 1HZ�<RUN

A
C
 I
Durability++

&6���� 1RWHV��� ��

6XPPDU\
� &RQVLVWHQF\�RI�GDWD
� 2QH�VRXUFH�RI�SUREOHPV��IDLOXUHV

��/RJJLQJ

��5HGXQGDQF\

� $QRWKHU�VRXUFH�RI�SUREOHPV�
����������'DWD�6KDULQJ������QH[W


