
��������	
��
�
�����������
���
��
�
������ �

��������	
��
�
�����������

���
��
�
������

� ��	
��
�
�����������
���
���� �

��������
����
� ����
��


����!
"��#�� $��
���
��!
%����� &�
����



��������	
��
�
�����������
���
��
�
������ �

���'
��
�	
��
�
�����������
���

����
(�)��� ��*
���
��
�
������

� ���

��
�
��
�
#��������+


� �
�� 
�,���������� 
��
�
���� 

� ��
�
#��������
��)��
�)
���

� ��
�
#��������
��' ����
�
���

� -��
���
��.� �'���

��
��
�
)�/�

�)��� ��*

� -���
��
�
#����������

�
��
�
������



��������	
��
�
�����������
���
��
�
������ �

���

��
��
�
���������+

� �������
��
���*
��������

#�*�0
/�

��

�������� *!

� �
��)�����
��''��

��
�/���

��

��
����
�����
 ��'���
� *
 ����



��
������1�
���2�
�'���
���� 
��
�/���

� ��''��

 �������
���
'��)������ /*
'��.�����
�
�� ��
' �
����
��


)���� ���
��0
���
���)� 
��
�
���
��� *���!

� 3�
��
�
#��������
��
� ��/4�)
,�����
�� 0��
����
�� 0

���,.�����
 0


���
 ���.� �
� � )�  �)
���
��
��
�
��
��''��

��
���������
2�


��)�����,��5���
'��)���!6��!
$!
7����

� ��
�
#����������	

� (��
'��)���
��
)���
��)
���
���
�����
��
�
#������� ��



��������	
��
�
�����������
���
��
�
������ 8

��
�
������������/4�)
,�����
��

� ������1��
������
��4��
��/4�)
�0
��)�
��
 )��
����0


'����)
0
�� �� !

� -�)�����
��

��
���� ���
���
��� *���
��
��
�
���
� �)�����


��5���0
��

��
��� *
�'���
����
��

�����)
���
'��) ������!

� ���.���
 �
���' �
���
)��)��� .��#
������
'��
�)� ��
��/4�)



������
/*
 �9) �����
��
�

��

���
��

����� 
��

��
��)�����


��''��

'��)��� !



��������	
��
�
�����������
���
��
�
������ :

��
�
����������7�
����
��

� ����
��)
��
/*
��
����
���
�� 
�' �0
��
����������
 ��
�

����)��

� �� �
���� 
��
�/����0
� �

�� ��0
��, ���

�����)
� ��

��)����

� ��
�
) ������
���
��
�
��
����
���

�)���;���
���

�'' ���!

� <�����
)�����
��)*
��
������
)��.��
����0
��)�����

�
��)
����0
�

��/�
�
��������0
�
)!
�����
�������� 


��
�
����)��

� <!�!0
$�
� 
'��)�	
)�����)*0

�90
/���5���

)�.���� 0
�
)!

� ����
��
�
��
��.��

�

��
#��������0
�

��
)��.��
� �!





��������	
��
�
�����������
���
��
�
������ =

��
�
����������(���
>�����


� (��

���
����1��
���

��
��
�
#��������
��
�������) ��
 *

 �����

���

��

��
�'���
���� 
�*�
���!

� �'���
���� 
��
�/���	
)�����

.� ��
��
�!

� ��
�
#��������
��
�	
'��.���
�������
���
����
�

���
���)� 
'���'�)
�.�
?�!�!0
'��

:,�@
*����A

� <.��*
5�*
�
��)
���
��

��
��
�
#��������

� ���
����
��
� ����

��

���0
�9' �)�
 *
��
��' �)�
  *

� B�


��
5�*
��
�'���
���� 
��
�
��*
��
��*
��

)��
 ���

3
���
� ����
6!



��������	
��
�
�����������
���
��
�
������ C

��
�
����������D��,>� �
� �

�! �
 '�*��)�  *
��'���
�
�
��� ��
��
�

����������
����



��
�'���
���� 
��.�������
!

�! �'���
���� 
 �'��
�
��
��
�
����
��

�))�� ��

��
��
�


#��������
��.�������
!

� ����
��

��;����

�����)
���
'��)������0
��)�.��*0


���
)��)�����)*
)��
�� 
��)�������

� E�;�����
�� *

#�
�'���
����
��
��
�
�))������	


� ���
�� 
 ������
��
��
� ���
 �))���
��
��
� !



��������	
��
�
�����������
���
��
�
������ �

��
�
���������
��)��
�)
���


� <9
��)

��
�
����

�'���
���� 
��
�
����)��

� ) ���0

��������
� B� 5
 ���F�������

� #��������
��
��� ���

� ����,���.��
'��.����

�� 
����������� 
.��#

� �� 
����������� ,� �'

?<��/���0
���) �

�9'����A

� E� �
���� ,� �'
?E��/��)50
7������90


�*/���0
�G�
���.��A



��������	
��
�
�����������
���
��
�
������ �

��*
��'���
�
��
�
���������+

� $���
'��������)�
���
/�
�
�*�
���

� �B��� 
����
���
��(�	
�))���
��
����0
����9���0
)��) �����)*

)��
�� 0
��)�.��*

� ����������
����
���
����	
)��' �9
����
;������0

�� 
����������� 
.��#0
)���� ���
���!

� ��������

���)
����
���
��������

��
�	

� �������
��
� 	
��)�����
��''��

��;�����
���
���)� 
��
�
#��)�

�'���
���� 
�B� ��
��


*'�)�  *
����
���

� ��
�
)���� ���
��� 	

��
��;�����
)���� ���
���
?�������
���0

�������1�
���A
��
��
�
����
��
����������
����)��

� ��
�
;�� �
* 	
��������

����)��

*'�)�  *
���
��)�����
��

��
� 

��'�����
�
����0
)����
���
�����
�
#��)�
��.�

�
/� 
��)��)� ��



��������	
��
�
�����������
���
��
�
������ �@

��
�
���������
.�!
�'���
���� 
�B��

� ��(�
?��, ���

�����)
���
'��)������A

� ��4��

��5
��

����
���� 
�� �
���� 
�B��

� ��*,
�,��*
�'���
����	
'��)������0
��.��
��*0
/��5� ��0

������)
�����0
'�*��  0
�����
��
���0
�))���
���0
� 
)!

� ����
?��, ���
��� *
�)� 
'��)������A

� ��4��

��5
��
��
�
#��������
�*�
��

� ��
�
��� *���
���
��)�����
��5���

� ���
��)

���
����
?��(�
.�!
����A	

� H���
���
�*�
��
�����
�
���	
)��
����
.�!
���5�


� ��
�
)��
��
�	
)�����
0
��
�� ��
.�!
���
���)� 0
)� ��� ���
��

� ��
�/���
������	
<E
I
�'' �)�
���
.�!
�
��
I
��/4�) 


� >��#	
)�����
0
 �)� 
.�!
�.� �
�����*0
��
����
��

� �))���
'�

����	
�'��
�
.�!
����,�� *
/�

)��' �9
; ������



��������	
��
�
�����������
���
��
�
������ ��

��(�
.�!
����

 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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� Show me the sales per store for this year and compare 

it to that of the previous year to identify discrepancies
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� Show me sales, profit and average call volume per day 

for my 10 most profitable salespeople
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� Show me an abbreviated income statement by quarter 

for the last four quarters for my northeast region 
operations
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Product total 
Sales 1 2 3 4 

1 $454 - - $925 

2 $468 $800 - - 

3 $296 - $240 - S
to

re
 

4 $652 - $540 $745 
   

 

 

Product

Store
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month

category     region            year

product      country        quarter

state      month    week

city              day

store

PRODUCT  LOCATION TIME
NY

DVD
A

ug
us

t

Sales of DVDs in NY in August can be found by 
summing up measure values in these cells.

• A cell in the cube may store values (measurements) relative to the 
combination of the labeled dimensions
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PRODUCT  LOCATION TIME
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Product 
Sales 

1 2 3 4 ALL 

1 454 - - 925 1379 

2 468 800 - - 1268 

3 296 - 240 - 536 

4 652 - 540 745 1937 

S
to

re
 

ALL  1870 800 780 1670 5120 
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store

customer= “Smith”
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time_key
day
day_of_the_week
month
quarter
year

TIME

location_key
store
street_address
city
state
country
region

LOCATION

SALES

product_key
product_name
category
brand
color
supplier_name

PRODUCT

time_key

product_key

location_key

units_sold

amount
{measures



��������	
��
�
�����������
���
��
�
������ ��

(*'�)� 
���� �
���
��
�
����������

� ���� ���
��
�
#���������	
����������
L
��������

� �
��
�)���� 	
 �
��)


�/ �
��

��
���� �
)����)
��

�
�


��

��
���������

�/ ��


� ���#� �5�
�)���� 	

 �
���������

��
�
��
�)����


#����
����
���������� 
������)�*
��
 ����� �1�� ��
�
�


��

��
���  ��
���������

�/ �� 0
�������
�
���'�


���� ��

�
���#� �5�

� -�)

)���
�  �
���� 	

 �� 
�' �
��)


�/ ��
�����


���������

�/ �� 0
.��#��
��
�
)�  �)
���
��
�
���0



��������
)�  ��
 �� �9*
�)���� ��
��)

)���
�  �
���



��������	
��
�
�����������
���
��
�
������ ��

<9��' �
��
�
��
�)����

time_key
day
day_of_the_week
month
quarter
year

time

location_key
street
city
state_or_province
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
state_or_province
country

city
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time_key
day
day_of_the_week
month
quarter
year

time

location_key
street
city
province_or_state
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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“Find total sales per product-category in our stores in Europe”

SELECT PRODUCT.category, SUM(SALES.amount)
FROM SALES, PRODUCT,LOCATION
WHERE SALES.product_key = PRODUCT.product_key
AND SALES.location_key = LOCATION.location_key
AND LOCATION.region=“Europe”
GROUP BY PRODUCT.category
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time_key
day
day_of_the_week
month
quarter
year

TIME

location_key
store
street_address
city 
state
country
region

LOCATION

SALES

product_key
product_name
category
brand
color
supplier_name

PRODUCT

time_key

product_key

location_key

units_sold

amount
{measures

JO
IN

JOIN

Sregion=“Europe”

Pcategory
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SALES

region = Africa
region = America
region = Asia
region = Europe

LOCATION

1

1

1

1
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Cust Region Type
C1 Asia Retail
C2 Europe Dealer
C3 Asia Dealer
C4 America Retail
C5 Europe Dealer

RecID Retail Dealer
1 1 0
2 0 1
3 0 1
4 1 0
5 0 1

RecID Asia Europe America
1 1 0 0
2 0 1 0
3 1 0 0
4 0 0 1
5 0 1 0

Base table Index on Region Index on Type
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time
1
2

item
10
20

X
loc
100
200

X

time item loc
1 10 100
1 10 200
1 20 100
1 20 200
2 10 100
2 10 200
2 20 100
2 20 200

time item loc sold
1 10 100 7
1 10 150 13
1 20 150 2
2 20 200 16
… … … …

1000 2000 500 86

Sales

time item location

thousands 
of tuples

millions 
of tuples

Sales �� time �� item �� location
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� “Find total sales per product-category in our stores in Europe”
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country

state

city

store

LOCATON

� Long Query Response Times

� Pre-computation is necessary
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Product 
Sales 

1 2 3 4 ALL 

1 454 - - 925 1379 

2 468 800 - - 1268 

3 296 - 240 - 536 

4 652 - 540 745 1937 

S
to

re
 

ALL  1870 800 780 1670 5120 
   

 

 

Cross-Tabulation (products/store)

Sub-totals per store

Sub-totals per product
Total sales

4 Group-bys here:
(store,product)
(store)
(product)
()

Need to write 4 queries!!!
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SELECT LOCATION.store, SALES.product_key, SUM (amount)

FROM SALES, LOCATION

WHERE SALES.location_key=LOCATION.location_key

CUBE BY SALES.product_key, LOCATION.store

Challenge: Optimize Aggregate Computation
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Store Product_key     sum(amout)
1        1 454
1                                       4                   925
2                                       1                   468
2 2 800
3 1 296
3 3 240
4 1 625
4 3 240
4 4 745
1 ALL 1379
2 ALL 1268
3 ALL 536
4 ALL 1937
ALL 1 1870
ALL 2 800
ALL 3 780
ALL 4 1670
ALL ALL 5120
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Product 
Sales 

1 2 3 4 ALL 

1 454 - - 925 1379 

2 468 800 - - 1268 

3 296 - 240 - 536 

4 652 - 540 745 1937 

S
to

re
 

ALL  1870 800 780 1670 5120 
   

 

 

SELECT LOCATION.store, SALES.product_key, SUM (amount)

FROM SALES, LOCATION

WHERE SALES.location_key=LOCATION.location_key

CUBE BY SALES.product_key, LOCATION.store
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Store Product_key     sum(amout)
1        1 454
1                                       4                   925
2                                       1                   468
2 2 800
3 1 296
3 3 240
4 1 625
4 3 240
4 4 745
1 ALL 1379
2 ALL 1268
3 ALL 536
4 ALL 1937
ALL 1 1870
ALL 2 800
ALL 3 780
ALL 4 1670
ALL ALL 5120
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Product 
Sales 

1 2 3 4 ALL 

1 454 - - 925 1379 

2 468 800 - - 1268 

3 296 - 240 - 536 

4 652 - 540 745 1937 

S
to

re
 

ALL  1870 800 780 1670 5120 
   

 

 

SELECT LOCATION.store, SALES.product_key, SUM (amount)

FROM SALES, LOCATION

WHERE SALES.location_key=LOCATION.location_key

CUBE BY SALES.product_key, LOCATION.store
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Product 
Sales 

1 2 3 4 

1 454 - - 925 

2 468 800 - - 

3 296 - 240 - 

4 652 - 540 745 

S
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SELECT LOCATION.store, SALES.product_key, SUM (amount)

FROM SALES, LOCATION

WHERE SALES.location_key=LOCATION.location_key

CUBE BY SALES.product_key, LOCATION.store

Product 
Sales 

1 2 3 4 ALL 

1 454 - - 925 1379 

2 468 800 - - 1268 

3 296 - 240 - 536 

4 652 - 540 745 1937 

S
to

re
 

ALL  1870 800 780 1670 5120 
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Date

Pr
od

uc
t

C
ou

nt
ry

TV

VCR
PC

1Qtr 2Qtr 3Qtr 4Qtr

U.S.A

Canada

Mexico
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Total annual sales
of  TV in U.S.A.Date

Pr
od

uc
t

C
ou

nt
ryall

all
TV

VCR
PC

1Qtr 2Qtr 3Qtr 4Qtr

U.S.A

Canada

Mexico

all
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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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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

<�)�
)��) �
��

)�  ��
�
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allTV

VCR
PC

1Qtr 2Qtr 3Qtr 4Qtr
U.S.A

Canada
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What is the best 
traversing order 
to do multi-way 
aggregation?

A

B
29 30 31 32

1 2 3 4

5

9

13 14 15 16

64636261
48474645

a1a0

c3
c2

c1
c 0

b3

b2

b1

b0

a2 a3

C

B

44
28 56

40
24 52

36
20

60
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most detailed “view”

can be computed from view
(product,store,quarter) by 
summing-up all quarterly sales

product,store,quarter

product storequarter

none

store,quarterproduct,quarter product, store
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MultiMulti --Tiered ArchitectureTiered 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
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