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sum
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while grouping by

date claim cityclient
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sold after march 21

OLAP query:

almost all rows.
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accesses only acity and product
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lock manager

query executor

query optimizer

query rewriter

DBMS query language parser

buffer manager

access methodsrecovery manager new index

new functions

new rules

new atomic types

new syntax
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extension
module

DBMS process
DBMS process

extension
module

communicationinter-process

module
extension

DBMS process

user process

safe java extensibility
safe extensibility through 
separate address spaces

fast&unsafe extensibility

Java Virtual Machine
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OLAP Tool Data Mining Tool

order_day

item
_price

item
_tax

item
_order

order_discount

ORDER

ITEM

full vertical
fragmentation

back-end
Monet

SQL front-end

table Order(date day; float discount);

relational model

table Item(float tax; float price;
rowid  order);

}

ODMG front-end
object oriented model

class Item {
    attribute float tax;
    attribute float price;
    relation Order order;
}

    attribute date day;
    attribute float discount;
    relation Set<Item> items;

class Order {

MIL Language
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1001

103
104
105

oid date
4/4/98

1/2/98

7/2/98
9/4/98

9/4/98

1/2/98

1003
1004

1006
1007
1008
1009
1010

1005

1000

101
102

1002

104
105

101
100

102
103
104
105

04.75
11.50
10.20
75.00
02.50
92.80
37.50
14.25
17.99
22.33
42.67

102

0.00
0.00
0.00

103

0.10

100

0.00
0.00
0.00
0.10

1000

100
101

1003

0.10

1006
1007
1008
1009
1010

1005

oid float
1000
1001
1002
1003
1004

1006
1007
1008
1009
1010

1005

1000
1001
1002
1003
1004

1006
1007
1008
1009
1010

1005
0.00

0.10

1001
1002

1004

oid oid

set-valued attribute m
apping

oidoid

reverse

oidoid
100
100
101
101
101
102
103
103
103

100
100
101
101
101
102
103
103
103

1000
1001
1002
1003
1004

1006
1007
1008
1009
1010

1005

104
104
105

104
104

order_items

order_day

order_extent

SET

item_order
item_price

item_tax

{ 1000,1001 }

{1002,1003,1004 }

{ 1005 }

{1006,1007,1008 }

{1009,1010 }

{}

SET

item_extentorder_discount

100
101
102
103
104
105

oid float
0.175

0.175
0.000
0.000

0.065

0.065

1000
1001
1002
1003
1004

1006
1007
1008
1009
1010

1005

oid float oid oid
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chr str

divorced
single
married

widow

0
1
2
3

married100
oid str

101
102 married

divorced103
104 married
105 widow

BUN Heap

0
1
0
2
0
3

column
descriptorseqbase=100

type=VOID
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encodingtype=enum1[x]

BAT ’x’
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5n 2+n8
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tail(b) = value

lo <= tail(b) <= hi

lo <= tail(b) < hi
lo < tail(b) < hi

lo < tail(b) <= hi

tail(b) > value
tail(b) >= value

implementations:

select()operator:
1 MIL

2 overloaded
operators:

select(bat,value) select(bat,lo,hi,l_inc,h_inc)

X in { chr, sht, int, lng, str, ADT }

positional lookup

search
binary

Ttree
search������� ���

hash
lookup

X_scan_equi_select()

X_hash_equi_select()

positional_equi_select()

Y_binsearch_equi_select()

Y_Ttree_equi_select()

algorithms:
Y_Ttree_Z_select()

Y_scan_Z_select()

search
binary Ttree

search
scan

23 operator

(1*5 + 6*3)

Z

Y in { chr, sht, int, flt, lng, dbl, str, ADT }

Y_binsearch_Z_select()

(6+6+1+8+8 + 6*(8+8+8))

173 expanded
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12864321 16 12864321 16 bytes
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Memory
CPU

64321 12864321 16 256 12864321 16 256 12864321 16 256 1 128643216 25616 512 12864321 16
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size (L1/L2)
16 / - 32 / 32 16 / 64 32 / 32 16 / 64 32 / 64 32 / 128cache line

50 MHz 133 MHz 200 MHz 296 MHz 500 MHz 250 MHzCPU speed 200 MHz
32 / 32

450 MHz
Sparc Pentium PentiumPro UltraSparcII Alpha R10000CPU type

1992 1995 1996 1997 1997 1998 1998year

UltraSparc PentiumIII

1999
PC Sun Ultra PC SunUltra DEC Alpha Origin2000Sun LXsystem PC
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depth 4

depth 3

depth 2

depth 1
until depth=
cache misses

 log2(N) −

last
log2(C)−1
recursion 
levels in
cache.

cache size (C=8) cache size (C=8)

result (N=16)

sequential

recursion
bi−directional cursor with repeated element swapping

swapped elements
 (log2(C)−1)
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(Partial Radix−Cluster)
radix_cluster(P=1,H=1,I=2)
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source table
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G
H
H
H

0
1
2
3
4
5
6
7

mark.reverse

7

of join index
prior computation

’spanned’ cluster size in source
column is chosen such that it fits
the cache, as the positional joins
access them randomly

result table

positional joins with clustered access

CACHE
SIZE
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(see figure 6.27)
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(CLUST_INPUTIDS)

(CLUST_VALUES)

(COLUMNS)

reverse.mark.reverse

mark.reverse

(CLUST_OUTPUTIDS)

radix_cluster(P=1,H=1,I=2)
(Partial Radix−Cluster)

(PIVOT)

reverse.mark.reverse
mark.reverse

1
2
3
4
5

0
5
2
4
0
1

3

(CLUST_BORDERS)

radix_count(H=2,I=1)

reverse.radix_cluster(P=1,H=2,I=1).reverse
11x

(Partial Radix−Cluster)

prior computation

of join index

source table

result table

RADIX DECLUSTER

positional joins with clustered access
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value BAT

cluster end positions

cluster start positions

result BAT

insertion window

current element
under consideration

3
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3
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put e at 3; advance in cluster
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next cluster (4 is outside window)
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put f at 2; delete empty cluster;
advance window; reset
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6 5

put e at 5; delete empty cluster
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advance window; ready
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put h at 1; advance window; reset
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put g at 0; advance in cluster
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next cluster (3 is outside window)
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4
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g
h
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5
1

put f at 4; delete empty cluster

MEMORY ACCESS PATTERN:

− single multi−cursor sequential

− cacheable random access in result−BAT
(clustered in insertion window)

− repeated sequential scan over cluster
start/end array (which generally is small enough to be cacheable)

id BAT

scan over id−BAT and value−BAT

1
2
3

0
2
2
0

2

0 3

1 4

3 2

5 5

4 1
3 2

2 0

0
1 4

3

borders BAT
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update ORDERS set TOTALPRICE = 15,000.00 where ORDERKEY = 1000003

delete from ORDERS where ORDERKEY = 1000001

insert into ORDERS (ORDERKEY,TOTALPRICE) values (1000006,965.25)

insert into ORDERS (ORDERKEY,TOTALPRICE) values (1000007,100.00)

(automatic synchronize of inverted list on ORDERS.TOTALPRICE)

basic relational table storage inverted list index storage (per column)
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join nodes

join index

that can be
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join index

join index

join index

join index

R8

=(R5.nationkey,R4.nationkey)

R5
table( NATION )

R6

R3
table( PARTSUPP )

table( PART )
R0

SELECT
LIKE(R0.name, "green")

and(=(R1.suppkey,R3.suppkey),
=(R1.partkey,R3.partkey))

=(R3.suppkey,R4.suppkey)

����� ���	�

����� ���	�
table( SUPPLIER )

R4

JOIN

[ year = YEAR(R2.orderdate) ]

R7

R2
table( ORDER )

year = R7.year ] AGGREGATE  [R5.name, R7.year]name = R5.name

=(R1.orderkey,R2.orderkey)

����� ���	�

����� ���	�

=(R0.partkey,R1.partkey)

R1
table( LINEITEM )

year = R8.year
amount = R8.amount ]

R9
 [R8.name, R8.year]SORT
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PIVOT.join(COL)GROUPINGPIVOT

renumbers tail
for each unique
combination.

[4,b]

[2,b]
[1,b]

[5,a]
[0,a]
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[3,a]

0x

1x

join(*)
reverse.

mark.
reverse

reverse
mark.

radix−

radix−cluster(P=1,H=1,I=1)

borders

radix_count(H=1,I=1)

decluster
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mark.
reverse.

reverse
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order(*)
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GLOBAL
ORDERING

BAT

GLOBAL
ORDERING
BAT order(*)

.... ....

MIL−proc
order(b,a)

MIL−proc
join(pivot,col)

see order implementation (chapter 5)

see radix−accelerator (chapter 6)

CTorder(p,g,c)
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