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����,QVWUXFWRU��3HGUR�'RPLQJRV
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n /RJLVWLFV�DQG�LQWURGXFWLRQ

n 'DWD�ZDUHKRXVLQJ�DQG�2/$3
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n ,QVWUXFWRU��3HGUR�'RPLQJRV

n (PDLO��SHGURG#FV

n 2IILFH��6LHJ����

n 2IILFH�KRXUV��7%$

n 7$��'DYLG�*ULPHV

n (PDLO��JULPHV#FV

n 2IILFH��7%$

n 2IILFH�KRXUV��7%$

n :HE��ZZZ�FV�ZDVKLQJWRQ�HGX����

n 0DLOLQJ�OLVW��FVH���#FV
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n 7ZR�SURMHFWV

n *URXSV�RI�WZR

n )LUVW�SURMHFW��&OLFNVWUHDP�PLQLQJ��������

n 6HFRQG�SURMHFW��&ROODERUDWLYH�ILOWHULQJ������

n 7KUHH�KRPHZRUNV

n ,QGLYLGXDO

n ������HDFK
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n -LDZHL�+DQ�	�0LFKHOLQH�.DPEHU��'DWD�0LQLQJ�
&RQFHSWV�DQG�7HFKQLTXHV��0RUJDQ�.DXIPDQQ�
�����

n 7RP�0LWFKHOO��0DFKLQH�/HDUQLQJ��0F*UDZ�+LOO�
�����

n 3DSHUV
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n 'DWD�PLQLQJ�LV�WKH�SURFHVV�RI�LGHQWLI\LQJ
YDOLG��QRYHO��XVHIXO�DQG�XQGHUVWDQGDEOH
SDWWHUQV�LQ�GDWD�

n $OVR�NQRZQ�DV�.''��.QRZOHGJH�'LVFRYHU\�LQ
'DWDEDVHV��

n ³:H¶UH�GURZQLQJ�LQ�LQIRUPDWLRQ��EXW�VWDUYLQJ�IRU
NQRZOHGJH�´���-RKQ�1DLVEHWW�
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n 0DFKLQH�OHDUQLQJ

n 'DWDEDVHV

n 6WDWLVWLFV

n ,QIRUPDWLRQ�UHWULHYDO

n 9LVXDOL]DWLRQ

n +LJK�SHUIRUPDQFH�FRPSXWLQJ

n (WF�
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n (�FRPPHUFH

n 0DUNHWLQJ�DQG�UHWDLO

n )LQDQFH

n 7HOHFRPV

n 'UXJ�GHVLJQ

n 3URFHVV�FRQWURO

n 6SDFH�DQG�HDUWK�VHQVLQJ

n (WF�
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n 8QGHUVWDQGLQJ�GRPDLQ��SULRU�NQRZOHGJH��DQG
JRDOV

n 'DWD�LQWHJUDWLRQ�DQG�VHOHFWLRQ

n 'DWD�FOHDQLQJ�DQG�SUH�SURFHVVLQJ

n 0RGHOLQJ�DQG�VHDUFKLQJ�IRU�SDWWHUQV

n ,QWHUSUHWLQJ�UHVXOWV

n &RQVROLGDWLQJ�DQG�GHSOR\LQJ�GLVFRYHUHG
NQRZOHGJH

n /RRS
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n &ODVVLILFDWLRQ

n 5HJUHVVLRQ

n 3UREDELOLW\�HVWLPDWLRQ

n &OXVWHULQJ

n $VVRFLDWLRQ�GHWHFWLRQ

n 6XPPDUL]DWLRQ

n 7UHQG�DQG�GHYLDWLRQ�GHWHFWLRQ

n (WF�
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n ,QGXFWLYH�OHDUQLQJ�RU�3UHGLFWLRQ�

n *LYHQ�H[DPSOHV�RI�D�IXQFWLRQ��;��)�;��

n 3UHGLFW�IXQFWLRQ�)�;���IRU�QHZ�H[DPSOHV�;

n 'LVFUHWH�)�;���&ODVVLILFDWLRQ

n &RQWLQXRXV�)�;���5HJUHVVLRQ

n )�;�� �3UREDELOLW\�;���3UREDELOLW\�HVWLPDWLRQ
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n 'HFLVLRQ�WUHHV

n 5XOH�LQGXFWLRQ

n %D\HVLDQ�OHDUQLQJ

n 1HXUDO�QHWZRUNV

n *HQHWLF�DOJRULWKPV

n ,QVWDQFH�EDVHG�OHDUQLQJ

n (WF�
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n 'DWD�PLQLQJ�V\VWHPV�VKRXOG�EH

n &RPSXWDWLRQDOO\�VRXQG

n 6WDWLVWLFDOO\�VRXQG

n (UJRQRPLFDOO\�VRXQG
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n 5HSUHVHQWDWLRQ

n (YDOXDWLRQ

n 6HDUFK

n 'DWD�PDQDJHPHQW

n 8VHU�LQWHUIDFH
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n 'DWD�ZDUHKRXVLQJ�DQG�2/$3

n 'HFLVLRQ�WUHHV

n 5XOH�LQGXFWLRQ

n %D\HVLDQ�OHDUQLQJ

n 1HXUDO�QHWZRUNV

n *HQHWLF�DOJRULWKPV
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n 0RGHO�HQVHPEOHV

n ,QVWDQFH�EDVHG�OHDUQLQJ

n /HDUQLQJ�WKHRU\

n $VVRFLDWLRQ�UXOHV

n &OXVWHULQJ
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n :KDW�LV�D�GDWD�ZDUHKRXVH"

n $�PXOWL�GLPHQVLRQDO�GDWD�PRGHO

n 'DWD�ZDUHKRXVH�DUFKLWHFWXUH

n 'DWD�ZDUHKRXVH�LPSOHPHQWDWLRQ

n ([WHQVLRQV�RI�GDWD�FXEHV

n )URP�GDWD�ZDUHKRXVLQJ�WR�GDWD�PLQLQJ
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n 'HILQHG�LQ�PDQ\�GLIIHUHQW�ZD\V��EXW�QRW�ULJRURXVO\�

n $�GHFLVLRQ�VXSSRUW�GDWDEDVH�WKDW�LV�PDLQWDLQHG
VHSDUDWHO\�IURP�WKH�RUJDQL]DWLRQ¶V�RSHUDWLRQDO
GDWDEDVH

n 6XSSRUW�LQIRUPDWLRQ�SURFHVVLQJ�E\�SURYLGLQJ�D�VROLG
SODWIRUP�RI�FRQVROLGDWHG��KLVWRULFDO�GDWD�IRU�DQDO\VLV�

n ³$�GDWD�ZDUHKRXVH�LV�D�VXEMHFW�RULHQWHG��LQWHJUDWHG�
WLPH�YDULDQW��DQG�QRQYRODWLOH�FROOHFWLRQ�RI�GDWD�LQ�VXSSRUW
RI�PDQDJHPHQW¶V�GHFLVLRQ�PDNLQJ�SURFHVV�´²:��+�
,QPRQ

n 'DWD�ZDUHKRXVLQJ�

n 7KH�SURFHVV�RI�FRQVWUXFWLQJ�DQG�XVLQJ�GDWD
ZDUHKRXVHV
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n 2UJDQL]HG�DURXQG�PDMRU�VXEMHFWV��VXFK�DV�FXVWRPHU�

SURGXFW��VDOHV�

n )RFXVLQJ�RQ�WKH�PRGHOLQJ�DQG�DQDO\VLV�RI�GDWD�IRU

GHFLVLRQ�PDNHUV��QRW�RQ�GDLO\�RSHUDWLRQV�RU�WUDQVDFWLRQ

SURFHVVLQJ�

n 3URYLGH�D�VLPSOH�DQG�FRQFLVH�YLHZ�DURXQG�SDUWLFXODU

VXEMHFW�LVVXHV�E\�H[FOXGLQJ�GDWD�WKDW�DUH�QRW�XVHIXO�LQ

WKH�GHFLVLRQ�VXSSRUW�SURFHVV�
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n &RQVWUXFWHG�E\�LQWHJUDWLQJ�PXOWLSOH��KHWHURJHQHRXV
GDWD�VRXUFHV

n UHODWLRQDO�GDWDEDVHV��IODW�ILOHV��RQ�OLQH�WUDQVDFWLRQ
UHFRUGV

n 'DWD�FOHDQLQJ�DQG�GDWD�LQWHJUDWLRQ�WHFKQLTXHV�DUH
DSSOLHG�

n (QVXUH�FRQVLVWHQF\�LQ�QDPLQJ�FRQYHQWLRQV��HQFRGLQJ
VWUXFWXUHV��DWWULEXWH�PHDVXUHV��HWF��DPRQJ�GLIIHUHQW
GDWD�VRXUFHV
n (�J���+RWHO�SULFH��FXUUHQF\��WD[��EUHDNIDVW�FRYHUHG��HWF�

n :KHQ�GDWD�LV�PRYHG�WR�WKH�ZDUHKRXVH��LW�LV
FRQYHUWHG�
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n 7KH�WLPH�KRUL]RQ�IRU�WKH�GDWD�ZDUHKRXVH�LV�VLJQLILFDQWO\

ORQJHU�WKDQ�WKDW�RI�RSHUDWLRQDO�V\VWHPV�

n 2SHUDWLRQDO�GDWDEDVH��FXUUHQW�YDOXH�GDWD�

n 'DWD�ZDUHKRXVH�GDWD��SURYLGH�LQIRUPDWLRQ�IURP�D

KLVWRULFDO�SHUVSHFWLYH��H�J���SDVW������\HDUV�

n (YHU\�NH\�VWUXFWXUH�LQ�WKH�GDWD�ZDUHKRXVH

n &RQWDLQV�DQ�HOHPHQW�RI�WLPH��H[SOLFLWO\�RU�LPSOLFLWO\

n %XW�WKH�NH\�RI�RSHUDWLRQDO�GDWD�PD\�RU�PD\�QRW

FRQWDLQ�³WLPH�HOHPHQW´�
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n $�SK\VLFDOO\�VHSDUDWH�VWRUH�RI�GDWD�WUDQVIRUPHG�IURP�WKH

RSHUDWLRQDO�HQYLURQPHQW�

n 2SHUDWLRQDO�XSGDWH�RI�GDWD�GRHV�QRW�RFFXU�LQ�WKH�GDWD

ZDUHKRXVH�HQYLURQPHQW�

n 'RHV�QRW�UHTXLUH�WUDQVDFWLRQ�SURFHVVLQJ��UHFRYHU\�

DQG�FRQFXUUHQF\�FRQWURO�PHFKDQLVPV

n 5HTXLUHV�RQO\�WZR�RSHUDWLRQV�LQ�GDWD�DFFHVVLQJ�

n LQLWLDO�ORDGLQJ�RI�GDWD�DQG�DFFHVV�RI�GDWD�

��

�	
	��	��������&�3�4�
�����
������5��

n 7UDGLWLRQDO�KHWHURJHQHRXV�'%�LQWHJUDWLRQ�

n %XLOG�ZUDSSHUV�PHGLDWRUV�RQ�WRS�RI�KHWHURJHQHRXV�GDWDEDVHV

n 4XHU\�GULYHQ�DSSURDFK

n :KHQ�D�TXHU\�LV�SRVHG�WR�D�FOLHQW�VLWH��D�PHWD�GLFWLRQDU\�LV
XVHG�WR�WUDQVODWH�WKH�TXHU\�LQWR�TXHULHV�DSSURSULDWH�IRU
LQGLYLGXDO�KHWHURJHQHRXV�VLWHV�LQYROYHG��DQG�WKH�UHVXOWV�DUH
LQWHJUDWHG�LQWR�D�JOREDO�DQVZHU�VHW

n &RPSOH[�LQIRUPDWLRQ�ILOWHULQJ��FRPSHWH�IRU�UHVRXUFHV

n 'DWD�ZDUHKRXVH��XSGDWH�GULYHQ��KLJK�SHUIRUPDQFH

n ,QIRUPDWLRQ�IURP�KHWHURJHQHRXV�VRXUFHV�LV�LQWHJUDWHG�LQ�DGYDQFH
DQG�VWRUHG�LQ�ZDUHKRXVHV�IRU�GLUHFW�TXHU\�DQG�DQDO\VLV
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n 2/73��RQ�OLQH�WUDQVDFWLRQ�SURFHVVLQJ�

n 0DMRU�WDVN�RI�WUDGLWLRQDO�UHODWLRQDO�'%06

n 'D\�WR�GD\�RSHUDWLRQV��SXUFKDVLQJ��LQYHQWRU\��EDQNLQJ�
PDQXIDFWXULQJ��SD\UROO��UHJLVWUDWLRQ��DFFRXQWLQJ��HWF�

n 2/$3��RQ�OLQH�DQDO\WLFDO�SURFHVVLQJ�

n 0DMRU�WDVN�RI�GDWD�ZDUHKRXVH�V\VWHP

n 'DWD�DQDO\VLV�DQG�GHFLVLRQ�PDNLQJ

n 'LVWLQFW�IHDWXUHV��2/73�YV��2/$3��

n 8VHU�DQG�V\VWHP�RULHQWDWLRQ��FXVWRPHU�YV��PDUNHW

n 'DWD�FRQWHQWV��FXUUHQW��GHWDLOHG�YV��KLVWRULFDO��FRQVROLGDWHG

n 'DWDEDVH�GHVLJQ��(5���DSSOLFDWLRQ�YV��VWDU���VXEMHFW

n 9LHZ��FXUUHQW��ORFDO�YV��HYROXWLRQDU\��LQWHJUDWHG

n $FFHVV�SDWWHUQV��XSGDWH�YV��UHDG�RQO\�EXW�FRPSOH[�TXHULHV
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 OLTP OLAP 

users clerk, IT professional knowledge worker 

function day to day operations decision support 

DB design application-oriented subject-oriented 

data current, up-to-date 
detailed, flat relational 
isolated 

historical,  
summarized, multidimensional 
integrated, consolidated 

usage repetitive ad-hoc 

access read/write 
index/hash on prim. key 

lots of scans 

unit of work short, simple transaction complex query 

# records accessed tens millions 

#users thousands hundreds 

DB size 100MB-GB 100GB-TB 

metric transaction throughput query throughput, response 
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n +LJK�SHUIRUPDQFH�IRU�ERWK�V\VWHPV

n '%06²�WXQHG�IRU�2/73��DFFHVV�PHWKRGV��LQGH[LQJ�
FRQFXUUHQF\�FRQWURO��UHFRYHU\

n :DUHKRXVH²WXQHG�IRU�2/$3��FRPSOH[�2/$3�TXHULHV�
PXOWLGLPHQVLRQDO�YLHZ��FRQVROLGDWLRQ�

n 'LIIHUHQW�IXQFWLRQV�DQG�GLIIHUHQW�GDWD�

n PLVVLQJ�GDWD��'HFLVLRQ�VXSSRUW�UHTXLUHV�KLVWRULFDO�GDWD
ZKLFK�RSHUDWLRQDO�'%V�GR�QRW�W\SLFDOO\�PDLQWDLQ

n GDWD�FRQVROLGDWLRQ���'6�UHTXLUHV�FRQVROLGDWLRQ
�DJJUHJDWLRQ��VXPPDUL]DWLRQ��RI�GDWD�IURP
KHWHURJHQHRXV�VRXUFHV

n GDWD�TXDOLW\��GLIIHUHQW�VRXUFHV�W\SLFDOO\�XVH
LQFRQVLVWHQW�GDWD�UHSUHVHQWDWLRQV��FRGHV�DQG�IRUPDWV
ZKLFK�KDYH�WR�EH�UHFRQFLOHG
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n :KDW�LV�D�GDWD�ZDUHKRXVH"

n $�PXOWL�GLPHQVLRQDO�GDWD�PRGHO

n 'DWD�ZDUHKRXVH�DUFKLWHFWXUH

n 'DWD�ZDUHKRXVH�LPSOHPHQWDWLRQ

n ([WHQVLRQV�RI�GDWD�FXEHV

n )URP�GDWD�ZDUHKRXVLQJ�WR�GDWD�PLQLQJ
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n $�GDWD�ZDUHKRXVH�LV�EDVHG�RQ�D�PXOWLGLPHQVLRQDO�GDWD�PRGHO�ZKLFK

YLHZV�GDWD�LQ�WKH�IRUP�RI�D�GDWD�FXEH

n $�GDWD�FXEH��VXFK�DV�VDOHV��DOORZV�GDWD�WR�EH�PRGHOHG�DQG�YLHZHG

LQ�PXOWLSOH�GLPHQVLRQV

n 'LPHQVLRQ�WDEOHV��VXFK�DV�LWHP��LWHPBQDPH��EUDQG��W\SH���RU

WLPH�GD\��ZHHN��PRQWK��TXDUWHU��\HDU�

n )DFW�WDEOH�FRQWDLQV�PHDVXUHV��VXFK�DV�GROODUVBVROG��DQG�NH\V�WR

HDFK�RI�WKH�UHODWHG�GLPHQVLRQ�WDEOHV

n ,Q�GDWD�ZDUHKRXVLQJ�OLWHUDWXUH��DQ�Q�'�EDVH�FXEH�LV�FDOOHG�D�EDVH

FXERLG��7KH�WRSPRVW���'�FXERLG��ZKLFK�KROGV�WKH�KLJKHVW�OHYHO�RI

VXPPDUL]DWLRQ��LV�FDOOHG�WKH�DSH[�FXERLG���7KH�ODWWLFH�RI�FXERLGV

IRUPV�D�GDWD�FXEH�
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all

time item location supplier

time,item time,location

time,supplier

item,location

item,supplier

location,supplier

time,item,location

time,item,supplier

time,location,supplier

item,location,supplier

time, item, location, supplier

0-D(apex) cuboid

1-D cuboids

2-D cuboids

3-D cuboids

4-D(base) cuboid
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n 0RGHOLQJ�GDWD�ZDUHKRXVHV��GLPHQVLRQV�	�PHDVXUHV

n 6WDU�VFKHPD��$�IDFW�WDEOH�LQ�WKH�PLGGOH�FRQQHFWHG�WR�D

VHW�RI�GLPHQVLRQ�WDEOHV

n 6QRZIODNH�VFKHPD���$�UHILQHPHQW�RI�VWDU�VFKHPD

ZKHUH�VRPH�GLPHQVLRQDO�KLHUDUFK\�LV�QRUPDOL]HG�LQWR�D

VHW�RI�VPDOOHU�GLPHQVLRQ�WDEOHV��IRUPLQJ�D�VKDSH

VLPLODU�WR�VQRZIODNH

n )DFW�FRQVWHOODWLRQV���0XOWLSOH�IDFW�WDEOHV�VKDUH

GLPHQVLRQ�WDEOHV��YLHZHG�DV�D�FROOHFWLRQ�RI�VWDUV�

WKHUHIRUH�FDOOHG�JDOD[\�VFKHPD�RU�IDFW�FRQVWHOODWLRQ
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time_key
day
day_of_the_week
month
quarter
year

time

location_key
street
city
province_or_street
country

location

Sales Fact Table

           time_key

              item_key

           branch_key

         location_key

            units_sold

         dollars_sold

             avg_sales

Measures

item_key
item_name
brand
type
supplier_type

item

branch_key
branch_name
branch_type

branch
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time_key
day
day_of_the_week
month
quarter
year

time

location_key
street
city_key

location

Sales Fact Table

           time_key

              item_key

           branch_key

         location_key

            units_sold

         dollars_sold

             avg_sales

Measures

item_key
item_name
brand
type
supplier_key

item

branch_key
branch_name
branch_type

branch

supplier_key
supplier_type

supplier

city_key
city
province_or_street
country

city
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time_key
day
day_of_the_week
month
quarter
year

time

location_key
street
city
province_or_street
country

location

Sales Fact Table

time_key

         item_key

      branch_key

    location_key

        units_sold

     dollars_sold

         avg_sales

Measures

item_key
item_name
brand
type
supplier_type

item

branch_key
branch_name
branch_type

branch

Shipping Fact Table

time_key

         item_key

     shipper_key

  from_location

      to_location

     dollars_cost

   units_shipped

shipper_key
shipper_name
location_key
shipper_type

shipper

��
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n GLVWULEXWLYH��LI�WKH�UHVXOW�GHULYHG�E\�DSSO\LQJ�WKH�IXQFWLRQ

WR�Q�DJJUHJDWH�YDOXHV�LV�WKH�VDPH�DV�WKDW�GHULYHG�E\

DSSO\LQJ�WKH�IXQFWLRQ�RQ�DOO�WKH�GDWD�ZLWKRXW�SDUWLWLRQLQJ�

n (�J���FRXQW����VXP����PLQ����PD[���

n DOJHEUDLF��LI�LW�FDQ�EH�FRPSXWHG�E\�DQ�DOJHEUDLF�IXQFWLRQ

ZLWK�0�DUJXPHQWV��ZKHUH�0�LV�D�ERXQGHG�LQWHJHU���HDFK

RI�ZKLFK�LV�REWDLQHG�E\�DSSO\LQJ�D�GLVWULEXWLYH�DJJUHJDWH

IXQFWLRQ�

n (�J����DYJ����PLQB1����VWDQGDUGBGHYLDWLRQ���

n KROLVWLF��LI�WKHUH�LV�QR�FRQVWDQW�ERXQG�RQ�WKH�VWRUDJH�VL]H

QHHGHG�WR�GHVFULEH�D�VXEDJJUHJDWH�

n (�J���PHGLDQ����PRGH����UDQN���

��
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��
,

all

Europe North_America

MexicoCanadaSpainGermany

Vancouver

M. WindL. Chan

...

......

... ...

...

all

region

office

country

TorontoFrankfurtcity
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n 6FKHPD�KLHUDUFK\

GD\���^PRQWK���TXDUWHU��ZHHN`���\HDU

n 6HWBJURXSLQJ�KLHUDUFK\

^�����`���LQH[SHQVLYH
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n 6DOHV�YROXPH�DV�D�IXQFWLRQ�RI�SURGXFW��PRQWK�
DQG�UHJLRQ

P
ro

du
ct

Reg
io

n

Month

Dimensions: Product, Location, Time
Hierarchical summarization paths

Industry   Region         Year

Category   Country  Quarter

Product      City     Month    Week

                   Office         Day

��

���	�"����	
	���/�
Total annual sales
of  TV in U.S.A.Date

Pro
du

ct

C
ou

nt
rysum

sum
TV

VCR
PC

1Qtr 2Qtr 3Qtr 4Qtr

U.S.A

Canada

Mexico

sum

��

��/�����������"�
��
��
��
�����/�

all

product date country

product,date product,country date, country

product, date, country

0-D(apex) cuboid

1-D cuboids

2-D cuboids

3-D(base) cuboid
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n 9LVXDOL]DWLRQ

n 2/$3�FDSDELOLWLHV

n ,QWHUDFWLYH�PDQLSXODWLRQ

��

��"��	��-����-"��	
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�

n 5ROO�XS��GULOO�XS���VXPPDUL]H�GDWD

n E\�FOLPELQJ�XS�KLHUDUFK\�RU�E\�GLPHQVLRQ�UHGXFWLRQ

n 'ULOO�GRZQ��UROO�GRZQ���UHYHUVH�RI�UROO�XS

n IURP�KLJKHU�OHYHO�VXPPDU\�WR�ORZHU�OHYHO�VXPPDU\�RU�GHWDLOHG
GDWD��RU�LQWURGXFLQJ�QHZ�GLPHQVLRQV

n 6OLFH�DQG�GLFH�

n SURMHFW�DQG�VHOHFW

n 3LYRW��URWDWH��

n UHRULHQW�WKH�FXEH��YLVXDOL]DWLRQ���'�WR�VHULHV�RI��'�SODQHV�

n 2WKHU�RSHUDWLRQV

n GULOO�DFURVV��LQYROYLQJ��DFURVV��PRUH�WKDQ�RQH�IDFW�WDEOH

n GULOO�WKURXJK��WKURXJK�WKH�ERWWRP�OHYHO�RI�WKH�FXEH�WR�LWV�EDFN�
HQG�UHODWLRQDO�WDEOHV��XVLQJ�64/�

��

���
	�
�
�)����������

Shipping Method

AIR-EXPRESS

TRUCK
ORDER

Customer Orders

CONTRACTS

Customer

Product

PRODUCT GROUP

PRODUCT LINE

PRODUCT ITEM

SALES PERSON

DISTRICT

DIVISION

OrganizationPromotion

CITY

COUNTRY

REGION

Location

DAILYQTRLYANNUALY
Time

(DFK�FLUFOH�LV
FDOOHG�D�IRRWSULQW
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n :KDW�LV�D�GDWD�ZDUHKRXVH"

n $�PXOWL�GLPHQVLRQDO�GDWD�PRGHO

n 'DWD�ZDUHKRXVH�DUFKLWHFWXUH

n 'DWD�ZDUHKRXVH�LPSOHPHQWDWLRQ

n ([WHQVLRQV�RI�GDWD�FXEHV

n )URP�GDWD�ZDUHKRXVLQJ�WR�GDWD�PLQLQJ

��

�	
	��	�������������
��������

n &KRRVH�WKH�JUDLQ��DWRPLF�OHYHO�RI�GDWD��RI�WKH�EXVLQHVV
SURFHVV

n &KRRVH�D�EXVLQHVV�SURFHVV�WR�PRGHO��H�J���RUGHUV�
LQYRLFHV��HWF�

n &KRRVH�WKH�GLPHQVLRQV�WKDW�ZLOO�DSSO\�WR�HDFK�IDFW�WDEOH
UHFRUG

n &KRRVH�WKH�PHDVXUH�WKDW�ZLOO�SRSXODWH�HDFK�IDFW�WDEOH
UHFRUG

��

Multi-Tiered Architecture

Data
Warehouse

Extract
Transform
Load
Refresh

OLAP Engine

Analysis
Query
Reports
Data mining

Monitor
&

Integrator
Metadata

Data Sources Front-End Tools

Serve

Data Marts

Operational 
DBs

other

sources

Data Storage

OLAP Server

��

�������	
	��	��������������

n (QWHUSULVH�ZDUHKRXVH

n FROOHFWV�DOO�RI�WKH�LQIRUPDWLRQ�DERXW�VXEMHFWV�VSDQQLQJ

WKH�HQWLUH�RUJDQL]DWLRQ

n 'DWD�0DUW

n D�VXEVHW�RI�FRUSRUDWH�ZLGH�GDWD�WKDW�LV�RI�YDOXH�WR�D

VSHFLILF�JURXSV�RI�XVHUV���,WV�VFRSH�LV�FRQILQHG�WR�VSHFLILF�

VHOHFWHG�JURXSV��VXFK�DV�PDUNHWLQJ�GDWD�PDUW
n ,QGHSHQGHQW�YV��GHSHQGHQW��GLUHFWO\�IURP�ZDUHKRXVH��GDWD�PDUW

n 9LUWXDO�ZDUHKRXVH

n $�VHW�RI�YLHZV�RYHU�RSHUDWLRQDO�GDWDEDVHV

n 2QO\�VRPH�RI�WKH�SRVVLEOH�VXPPDU\�YLHZV�PD\�EH

PDWHULDOL]HG

��

�	
	��	����������&���"��

7
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Define a high-level corporate data model

Data
Mart

Data
Mart

Distributed
Data Marts

Multi-Tier Data
Warehouse

Enterprise
Data
Warehouse

Model refinementModel refinement

��

-�������&��������
��
����

n 5HODWLRQDO�2/$3��52/$3�

n 8VH�UHODWLRQDO�RU�H[WHQGHG�UHODWLRQDO�'%06�WR�VWRUH�DQG�PDQDJH
ZDUHKRXVH�GDWD�DQG�2/$3�PLGGOH�ZDUH�WR�VXSSRUW�PLVVLQJ�SLHFHV

n ,QFOXGH�RSWLPL]DWLRQ�RI�'%06�EDFNHQG��LPSOHPHQWDWLRQ�RI
DJJUHJDWLRQ�QDYLJDWLRQ�ORJLF��DQG�DGGLWLRQDO�WRROV�DQG�VHUYLFHV

n JUHDWHU�VFDODELOLW\

n 0XOWLGLPHQVLRQDO�2/$3��02/$3�

n $UUD\�EDVHG�PXOWLGLPHQVLRQDO�VWRUDJH�HQJLQH��VSDUVH�PDWUL[
WHFKQLTXHV�

n IDVW�LQGH[LQJ�WR�SUH�FRPSXWHG�VXPPDUL]HG�GDWD

n +\EULG�2/$3��+2/$3�

n 8VHU�IOH[LELOLW\��H�J����ORZ�OHYHO��UHODWLRQDO��KLJK�OHYHO��DUUD\

n 6SHFLDOL]HG�64/�VHUYHUV

n VSHFLDOL]HG�VXSSRUW�IRU�64/�TXHULHV�RYHU�VWDU�VQRZIODNH�VFKHPDV
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n :KDW�LV�D�GDWD�ZDUHKRXVH"

n $�PXOWL�GLPHQVLRQDO�GDWD�PRGHO

n 'DWD�ZDUHKRXVH�DUFKLWHFWXUH

n 'DWD�ZDUHKRXVH�LPSOHPHQWDWLRQ

n ([WHQVLRQV�RI�GDWD�FXEHV

n )URP�GDWD�ZDUHKRXVLQJ�WR�GDWD�PLQLQJ

��

�##����

��	
	���/�����"�
	
��


n 'DWD�FXEH�FDQ�EH�YLHZHG�DV�D�ODWWLFH�RI�FXERLGV

n 7KH�ERWWRP�PRVW�FXERLG�LV�WKH�EDVH�FXERLG

n 7KH�WRS�PRVW�FXERLG��DSH[��FRQWDLQV�RQO\�RQH�FHOO

n +RZ�PDQ\�FXERLGV�LQ�DQ�Q�GLPHQVLRQDO�FXEH�ZLWK�/

OHYHOV"

n 0DWHULDOL]DWLRQ�RI�GDWD�FXEH

n 0DWHULDOL]H�HYHU\��FXERLG���IXOO�PDWHULDOL]DWLRQ���QRQH

�QR�PDWHULDOL]DWLRQ���RU�VRPH��SDUWLDO�PDWHULDOL]DWLRQ�

n 6HOHFWLRQ�RI�ZKLFK�FXERLGV�WR�PDWHULDOL]H

n %DVHG�RQ�VL]H��VKDULQJ��DFFHVV�IUHTXHQF\��HWF�

)1
1

( +∏
=

=
n

i iLT

��

��/��-"��	
��


n 7UDQVIRUP� LW� LQWR� 64/�OLNH� ODQJXDJH� �ZLWK� QHZ� RSHUDWRU
FXEH�E\��LQWURGXFHG�E\�*UD\�HW�DO�¶���

6(/(&7�LWHP��FLW\��\HDU��680��DPRXQW�

)520�6$/(6

&8%(�%<�LWHP��FLW\��\HDU

n 1HHG�FRPSXWH�WKH�IROORZLQJ�*URXS�%\V

�LWHP��FLW\��\HDU��

�LWHP��FLW\����LWHP��\HDU����FLW\��\HDU��

�LWHP����FLW\����\HDU�

��

(item)(city)

()

(year)

(city, item) (city, year) (item, year)

(city, item, year)
��

�##����

���������
���#�-����)������

n 'HWHUPLQH�ZKLFK�RSHUDWLRQV�VKRXOG�EH�SHUIRUPHG�RQ�WKH

DYDLODEOH�FXERLGV�

n WUDQVIRUP�GULOO��UROO��HWF��LQWR�FRUUHVSRQGLQJ�64/�DQG�RU

2/$3�RSHUDWLRQV��H�J��GLFH� �VHOHFWLRQ���SURMHFWLRQ

n 'HWHUPLQH�WR�ZKLFK�PDWHULDOL]HG�FXERLG�V��WKH�UHOHYDQW

RSHUDWLRQV�VKRXOG�EH�DSSOLHG�

n ([SORULQJ�LQGH[LQJ�VWUXFWXUHV�DQG�FRPSUHVVHG�YV��GHQVH

DUUD\�VWUXFWXUHV�LQ�02/$3

��

��
	�	
	�!�"���
���
n 0HWD�GDWD�LV�WKH�GDWD�GHILQLQJ�ZDUHKRXVH�REMHFWV���,W�KDV�WKH�IROORZLQJ
NLQGV

n 'HVFULSWLRQ�RI�WKH�VWUXFWXUH�RI�WKH�ZDUHKRXVH
n VFKHPD��YLHZ��GLPHQVLRQV��KLHUDUFKLHV��GHULYHG�GDWD�GHIQ��GDWD�PDUW
ORFDWLRQV�DQG�FRQWHQWV

n 2SHUDWLRQDO�PHWD�GDWD
n GDWD�OLQHDJH��KLVWRU\�RI�PLJUDWHG�GDWD�DQG�WUDQVIRUPDWLRQ�SDWK��
FXUUHQF\�RI�GDWD��DFWLYH��DUFKLYHG��RU�SXUJHG���PRQLWRULQJ�LQIRUPDWLRQ
�ZDUHKRXVH�XVDJH�VWDWLVWLFV��HUURU�UHSRUWV��DXGLW�WUDLOV�

n 7KH�DOJRULWKPV�XVHG�IRU�VXPPDUL]DWLRQ

n 7KH�PDSSLQJ�IURP�RSHUDWLRQDO�HQYLURQPHQW�WR�WKH�GDWD�ZDUHKRXVH

n 'DWD�UHODWHG�WR�V\VWHP�SHUIRUPDQFH

n %XVLQHVV�GDWD
n EXVLQHVV�WHUPV�DQG�GHILQLWLRQV��RZQHUVKLS�RI�GDWD��FKDUJLQJ�SROLFLHV

��

�	
	��	��������5	�$'�
��������	
�
:
���
���

n 'DWD�H[WUDFWLRQ�

n JHW�GDWD�IURP�PXOWLSOH��KHWHURJHQHRXV��DQG�H[WHUQDO
VRXUFHV

n 'DWD�FOHDQLQJ�

n GHWHFW�HUURUV�LQ�WKH�GDWD�DQG�UHFWLI\�WKHP�ZKHQ
SRVVLEOH

n 'DWD�WUDQVIRUPDWLRQ�

n FRQYHUW�GDWD�IURP�OHJDF\�RU�KRVW�IRUPDW�WR�ZDUHKRXVH
IRUPDW

n /RDG�

n VRUW��VXPPDUL]H��FRQVROLGDWH��FRPSXWH�YLHZV��FKHFN
LQWHJULW\��DQG�EXLOG�LQGLFLHV�DQG�SDUWLWLRQV

n 5HIUHVK

n SURSDJDWH�WKH�XSGDWHV�IURP�WKH�GDWD�VRXUFHV�WR�WKH
ZDUHKRXVH
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n :KDW�LV�D�GDWD�ZDUHKRXVH"

n $�PXOWL�GLPHQVLRQDO�GDWD�PRGHO

n 'DWD�ZDUHKRXVH�DUFKLWHFWXUH

n 'DWD�ZDUHKRXVH�LPSOHPHQWDWLRQ

n ([WHQVLRQV�RI�GDWD�FXEHV

n )URP�GDWD�ZDUHKRXVLQJ�WR�GDWD�PLQLQJ

��

�����&���'���&�
��8"���	
��
��#��	
	
��/��

n +\SRWKHVLV�GULYHQ��H[SORUDWLRQ�E\�XVHU��KXJH�VHDUFK�VSDFH

n 'LVFRYHU\�GULYHQ��6DUDZDJL�HW�DO�¶���

n SUH�FRPSXWH�PHDVXUHV�LQGLFDWLQJ�H[FHSWLRQV��JXLGH�XVHU�LQ�WKH

GDWD�DQDO\VLV��DW�DOO�OHYHOV�RI�DJJUHJDWLRQ

n ([FHSWLRQ��VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�YDOXH�DQWLFLSDWHG�

EDVHG�RQ�D�VWDWLVWLFDO�PRGHO

n 9LVXDO�FXHV�VXFK�DV�EDFNJURXQG�FRORU�DUH�XVHG�WR�UHIOHFW�WKH

GHJUHH�RI�H[FHSWLRQ�RI�HDFK�FHOO

n &RPSXWDWLRQ�RI�H[FHSWLRQ�LQGLFDWRU��PRGHOLQJ�ILWWLQJ�DQG

FRPSXWLQJ�6HOI([S��,Q([S��DQG�3DWK([S�YDOXHV��FDQ�EH

RYHUODSSHG�ZLWK�FXEH�FRQVWUXFWLRQ

��

�8	�"���7������&���'���&�
��	
	���/��

��

���"��8�������	
��
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����
�"��
;�	
��	��
���7����
�'6�	
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n 0XOWL�IHDWXUH�FXEHV��5RVV��HW�DO���������&RPSXWH�FRPSOH[�TXHULHV
LQYROYLQJ�PXOWLSOH�GHSHQGHQW�DJJUHJDWHV�DW�PXOWLSOH�JUDQXODULWLHV

n ([��*URXSLQJ�E\�DOO�VXEVHWV�RI�^LWHP��UHJLRQ��PRQWK`��ILQG�WKH
PD[LPXP�SULFH�LQ������IRU�HDFK�JURXS��DQG�WKH�WRWDO�VDOHV�DPRQJ�DOO
PD[LPXP�SULFH�WXSOHV

VHOHFW�LWHP��UHJLRQ��PRQWK��PD[�SULFH���VXP�5�VDOHV�

IURP�SXUFKDVHV

ZKHUH�\HDU� �����

FXEH�E\�LWHP��UHJLRQ��PRQWK��5

VXFK�WKDW�5�SULFH� �PD[�SULFH�

n &RQWLQXLQJ�WKH�ODVW�H[DPSOH��DPRQJ�WKH�PD[�SULFH�WXSOHV��ILQG�WKH
PLQ�DQG�PD[�VKHOI�OLIH��DQG�ILQG�WKH�IUDFWLRQ�RI�WKH�WRWDO�VDOHV�GXH�WR
WXSOH�WKDW�KDYH�PLQ�VKHOI�OLIH�ZLWKLQ�WKH�VHW�RI�DOO�PD[�SULFH�WXSOHV
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n :KDW�LV�D�GDWD�ZDUHKRXVH"

n $�PXOWL�GLPHQVLRQDO�GDWD�PRGHO

n 'DWD�ZDUHKRXVH�DUFKLWHFWXUH

n 'DWD�ZDUHKRXVH�LPSOHPHQWDWLRQ

n ([WHQVLRQV�RI�GDWD�FXEHV

n )URP�GDWD�ZDUHKRXVLQJ�WR�GDWD�PLQLQJ

��

�	
	��	��������:�	��

n 7KUHH�NLQGV�RI�GDWD�ZDUHKRXVH�DSSOLFDWLRQV

n ,QIRUPDWLRQ�SURFHVVLQJ

n VXSSRUWV�TXHU\LQJ��EDVLF�VWDWLVWLFDO�DQDO\VLV��DQG�UHSRUWLQJ
XVLQJ�FURVVWDEV��WDEOHV��FKDUWV�DQG�JUDSKV

n $QDO\WLFDO�SURFHVVLQJ

n PXOWLGLPHQVLRQDO�DQDO\VLV�RI�GDWD�ZDUHKRXVH�GDWD

n VXSSRUWV�EDVLF�2/$3�RSHUDWLRQV��VOLFH�GLFH��GULOOLQJ��SLYRWLQJ

n 'DWD�PLQLQJ

n NQRZOHGJH�GLVFRYHU\�IURP�KLGGHQ�SDWWHUQV

n VXSSRUWV�DVVRFLDWLRQV��FRQVWUXFWLQJ�DQDO\WLFDO�PRGHOV�
SHUIRUPLQJ�FODVVLILFDWLRQ�DQG�SUHGLFWLRQ��DQG�SUHVHQWLQJ�WKH
PLQLQJ�UHVXOWV�XVLQJ�YLVXDOL]DWLRQ�WRROV�

n 'LIIHUHQFHV�DPRQJ�WKH�WKUHH�WDVNV
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n :K\�RQOLQH�DQDO\WLFDO�PLQLQJ"
n +LJK�TXDOLW\�RI�GDWD�LQ�GDWD�ZDUHKRXVHV

n ':�FRQWDLQV�LQWHJUDWHG��FRQVLVWHQW��FOHDQHG�GDWD

n $YDLODEOH�LQIRUPDWLRQ�SURFHVVLQJ�VWUXFWXUH�VXUURXQGLQJ�GDWD
ZDUHKRXVHV

n 2'%&��2/('%��:HE�DFFHVVLQJ��VHUYLFH�IDFLOLWLHV��UHSRUWLQJ
DQG�2/$3�WRROV

n 2/$3�EDVHG�H[SORUDWRU\�GDWD�DQDO\VLV

n PLQLQJ�ZLWK�GULOOLQJ��GLFLQJ��SLYRWLQJ��HWF�

n 2Q�OLQH�VHOHFWLRQ�RI�GDWD�PLQLQJ�IXQFWLRQV

n LQWHJUDWLRQ�DQG�VZDSSLQJ�RI�PXOWLSOH�PLQLQJ�IXQFWLRQV�
DOJRULWKPV��DQG�WDVNV�

n $UFKLWHFWXUH�RI�2/$0

��
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�-���������
��
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Data
Warehouse

Meta Data

MDDB

OLAM
Engine

OLAP
Engine

User GUI API

Data Cube API

Database API

Data cleaning

Data integration

Layer3

OLAP/OLAM

Layer2

MDDB

Layer1

Data
Repository

Layer4

User Interface

Filtering&Integration Filtering

Databases

Mining query Mining result

��

����	��

n 'DWD�ZDUHKRXVH

n $�VXEMHFW�RULHQWHG��LQWHJUDWHG��WLPH�YDULDQW��DQG�QRQYRODWLOH�FROOHFWLRQ�RI
GDWD�LQ�VXSSRUW�RI�PDQDJHPHQW¶V�GHFLVLRQ�PDNLQJ�SURFHVV

n $�PXOWL�GLPHQVLRQDO�PRGHO�RI�D�GDWD�ZDUHKRXVH
n 6WDU�VFKHPD��VQRZIODNH�VFKHPD��IDFW�FRQVWHOODWLRQV

n $�GDWD�FXEH�FRQVLVWV�RI�GLPHQVLRQV�	�PHDVXUHV

n 2/$3�RSHUDWLRQV��GULOOLQJ��UROOLQJ��VOLFLQJ��GLFLQJ�DQG�SLYRWLQJ

n 2/$3�VHUYHUV��52/$3��02/$3��+2/$3

n (IILFLHQW�FRPSXWDWLRQ�RI�GDWD�FXEHV
n 3DUWLDO�YV��IXOO�YV��QR�PDWHULDOL]DWLRQ
n 0XOWLZD\�DUUD\�DJJUHJDWLRQ
n %LWPDS�LQGH[�DQG�MRLQ�LQGH[�LPSOHPHQWDWLRQV

n ([WHQVLRQV�RI�GDWD�FXEHV
n 'LVFRYHU\�GULYH�DQG�PXOWL�IHDWXUH�FXEHV
n )URP�2/$3�WR�2/$0��RQ�OLQH�DQDO\WLFDO�PLQLQJ�


