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soon everyone will need to be a "data scientist”
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data exploration
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Congratulations,\ . :
it on!j took you
652989 seconds (.

not always sure
what we are looking for
(until we find It)

data has always been big
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how future data systems should look like?
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In the old days

the premise of the black box

select * from ...
s

correct & complete answer
E
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the pertect data system

declarative interface
ask "what” you want

v

the system decides
“how” to best store
and access data

db system
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the perfect data system

declarative interface >1 users
ask “what” you want concurrently

correct +

the system decides complete answers
“how” to best store
and access data

db system security/
robustness
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,database kernel

algorithms/operators
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applications
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In the old days

the premise of the black box

select * from ...
s

correct & complete answer
E
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NOW

the premise of the black box

select * from ...

correct & complete answer
E
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database systems great...
declarative processing, back-end to numerous apps
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database systems great...
declarative processing, back-end to numerous apps

but databases have become too heavy and blind!

load tune query

tlmellne)
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expert users - idle time - workload knowledge

but databases have become too heavy and blind!

load tune query
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users/applications
declarative interface

ask what you want

. dbsystem )
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users/applications
/db administrator 1\ /db administrator 2\

A A

\_ datasystem1 ) \ datasystem2
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usability

tuning
| | time-to-data
iIndexing
hardware
Size energy
response time
scalability
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data systems tailored tfor data exploration
easy to design - easy to use - fast
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adaptive
loading

adaptive
indexing

dbTouch

curious
systems self-designing
systems
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Indexing

load tune query
L\ J

tune= create proper indices offline
performance 10-100X

HARVARD

School of Engineering

and Applied Sciences StratOS |dreos



Indexing

load tune query
L\ /

tune= create proper indices offline
performance 10-100X

which indices to build?
on which data parts?
and when to build them?
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load tune query
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load tune query

timeline
>
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load tune query

sample workload

timeline
>
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load tune query

sample workload analyze
D
timeline
>
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load tune query

sample workload analyze create indices
D
timeline
>
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load tune query

sample workload analyze create indices query
D
timeline
>
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oad " tune query
o -
sample workload analyze create indices query
D

timeline
>

complex and time consuming process
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human administrators + auto-tuning tools

sample workload analyze create indices query

timeline
e

complex and time consuming process
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what can go wrong?

not enough space to index all data J

not enough idle time to finish proper tuning

by the time we finish tuning, the workload changesj

not enough money - energy - resources
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what can go wrong?

not enough space to index all data J

not enough idle time to finish proper tuning

by the time we finish tuning, the workload changesj

not enough money - energy - resources
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database cracking
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database cracking

drkload
edge
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database cracking

auto-tuning database kernels
incremental, adaptive, partial indexing

drkload
edge
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iNnitialization guerying

O &

database cracking

auto-tuning database kernels
incremental, adaptive, partial indexing
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iNnitialization guerying

O &

database cracking

auto-tuning database kernels
incremental, adaptive, partial indexing
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initialization guerying

database cracking

auto-tuning database kernels
incremental, adaptive, partial indexing

every query Is treated as an advice
on how data should be stored
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column-store database
a fixed-width and dense array per attribute

........ relation a0 e e e
L Yy T
-
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UL i WAL,

-------------------------------------
---------------------------------
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column-store database
a fixed-width and dense array per attribute

relationi/table

-----------------------------------------------------------------------------------------------

-

-------------------------------------
---------------------------------
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column A
N
Q1: 13
select R.A 16
from R 4
where R.A>10 2
and R.A<14 15
.
1
19
3
14
11
8
6
N
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column A

Q1:; 13
select R.A 16
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column A

Q1:; 13
select R.A 16
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column A

Q1:; 13
select R.A 16
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column A

Q1:; 13
select R.A 16
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column A

Q1:; 13
select R.A 16
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column A
R
Q1: 13
select R.A 16
from R 4
where R.A>10 2
and R.A<14 15
.
1
19
3
14
11
8
9)
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CO

Q1:

select R.A

from R

where R.A>10
and R.A<14

HARVARD

School of Engineering

and Applied Sciences StratOS |dreos

N

piece:
A<=10

—h
w0 W —=+NN O

12

Database Cracking CIDR 2007



column A

Q1: 13
select R.A 16
from R 4
where RA>10 | 2

and R.A<14

CDOOOL)—L\II\)LO#}

plece?:
10<A<14

11 10
38 19
14
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column A

Q1: 4
select R.A 9
from R 2
where R.A>10 j
and R.A<14 3

8

9

plece?:
10<A<14

Y
\
pleces:

6 A>=14
— - )
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column A
R ——
Q1: 13 4 A
select R.A 16 9
from R 4 2
where R.A>10 2 j
and R.A<14 15 3
/ 3
1 §) N
19 15 piece?: =
3 10<A<14 | [8
14 L 11 v
11 110 ™)
3 19 pleces:
14 A>=14
\—/ "\ )
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gain knowledge on how data Is organized

column A
— N G
Q1 13 4 A
select R.A 16 9
from R 4 2
where R.A>10 2 j
and R.A<14 15 3
7 8
1 §) \
19 15 piece2: =
3 10<A<14 | |2
14 | 11 )$F
11 A6 N
3 19 pleces:
0 14 A>=14
_/ " \_/ y,
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gain knowledge on how data Is organized

column A

Q1: 13
select R.A 16
from R 4
where R.A>10 | 2

and R.A<14

CDOOOO—L\II\)@-Bj

plece?:

3 121 2 10<A<14

14 11

< result>

J
N

pleces:
A>=14

J

HARVARD dynamically/on-the-fly within the select-operator
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column A
SR S
Q1: 13 4 A
select R.A 16 S
from R 4 2
where R.A>10 2 j
and R.A<14 15 3
/ 3
§)
Q2: 119 .
select R.A 3 15 piecez:
from R 14 | 11 10<A<14 )
where R.A>7 11 A6 ~
and R.A<=16] 8 19 piece3:
¢ 14 A>=14
\—/ "\ )
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column A
o TR
Q1: 13 4 A
select R.A 16 9
from R 4 2
where R.A>10 2 j
and R.A<14 15 3
/ 3
Qz2: 119 : .
select R.A 3 15 piece2:
10<A<14
. 11 )
A6 N
19 pleces:
14 A>=14
;;) Y,
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column A
) S AR N () A
select R.A 16 9 2
from R 4 2 1 piecel: A<=7
where R.A>10 2 j g
and R.A<14 15 3 \
/ 8 9 IN\\piece2: 7<A<=10
1 9} 8
e 19 T 13
select R.A 3 » plecez: 15
10<A<14
|1 ) 11
76 A 14
19 pleces: 16
14 A>=14 19
;;) ) \—__/
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column A
) S AR N () h
Q1: 13 4 4
select R.A 16 9 7
from R 4 2 1 piecel: A<=7
where RA>10 | 2 / °
and R.A<14 15 3
/ 3 piece2: 7<A<=10
1 9}
w2 19 lecez: 13
select R.A 3 19 P - 12 || Hpiece3: 10<A<14
10<A<14
|1 ) 11 p
SRCE A 14
19 pleces: 16
14 A>=14 19
\__/ y \—
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column A
o TS N () -\
Q1: 13 4 4
select R.A 16 9 7
from R 4 2 1 piecel: A<=7
where RA>10 | 2 / °
and R.A<14 15 3 : |
7 8 ' 9 pieceZ: 7<A<=10
1 0 8
o 19 lece?: 13 A
select R.A 3 19 P - 12 || Hpiece3: 10<A<14
10<A<14
|1 ) 11 |
|76 | A ' ) piece4: 14<=A<=16
19 pleces: 10
14 A>=14 19 ||>pieced: A>16
"\ J
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rest it

column A
) S AR N () h
Q1: 13 4 4
select R.A 16 9 7
from R 4 2 1 piecel: A<=7
where RA>10 | 2 / °
and R.A<14 15 3 : |
7 8 ' 9 pieceZ: 7<A<=10 |4
1 0 8
o 19 lece?: 13 A
select R.A 3 19 P - 12 || Hpiece3: 10<A<14
10<A<14
|1 ) 11 |
|76 | A ' ) piece4: 14<=A<=16
19 piecead: 10 4
14 A>=14 19 ||>pieced: A>16
"\ J
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the more we crack, the more we learn

requ it

column A
SR S N () A
Q1: 13 4 4
select R.A 16 9 2
from R 4 2 1 piecel: A<=7
where RA>10 | S ! °
and R.A<14 15 3 { |
7 8 ' 9 piecez: 7<A<=10 |}
1 0 8
Q2. 19 nenD: 13 A
select R.A 3 15 plece2: 15 |[ Ypieces: 10<A<14
10<A<14
\. 11 / _
| TS | A ' ) piece4: 14<=A<=16
19 piece3: 16 v
14 A>=14 19 ||>pieced: A>16
" \— y,
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select [15,55]
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select [15,55]
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select [15,55]
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select [15,55]
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select [15,55]
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select [15,55]
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touch at most two pieces at a time

pleces become smaller and smaller

10 20 30 40 50 60

__|Sme(es
[

select [15,55]
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implemented in monetdb )

open-source column-store

optimizer

reconstruct update

select join agar

database kernel
code footprint ~2M

HARVARD
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103 £ Bs;

set-up

4 .
100K random selections

random selectivity

random value ranges

in a 10 million integer column
.

v
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continuous adaptation

set-up

100K random selections
random selectivity

random value ranges

in a 10 million integer column

\.. Y,
©
£
2
almost no T
iInitialization overhead -
0.01
0001 b o v 0L L

100 1000 10000 100000
Query sequence (x1000)
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continuous adaptation

set-up

(100K random selections 1000 |
random selectivity E
random value ranges 100 |
in a 10 million integer column m :

. J o
= 10}

()
£ '

=

almost no £ 0f
initialization overhead -
0.01 |
continuous Improvement 0001 Lot v e

1000 10000 100000

100
Query sequence (x1000)

School of Engineering
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continuous adaptation

set-up

4 .
100K random selections

random selectivity

random value ranges

1000 ¢

. A 100 }
in a 10 million integer column m -
. . D
< 10}
) i
E
@ 1}
o
o
n
(]
almost no £ 01

iInitialization overhead -
0.01

continuous iImprovement

1 10 100 1000 10000 100000
Query sequence (x1000)

0.001

School of Engineering

I C 1o oc [ dreos Database Cracking CIDR 2007
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continuous adaptation

set-up 200 |

"10K random selections 100 £, Full IndeXx .
selectivity 10% ' '
random value ranges

In a 30 million integer column
\. J

Scan

Cumulative average response time (secs)

0.1 | _
0.004 Crack h
1 10 100 1000 10000

Query sequence
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continuous adaptation

set—up
f1OK random selections
selectivity 10%

random value ranges

in a 30 million integer column
\. .

200 L L | LR | T T T TTTIT T TTTTT
100 . Full IndeXx :

0.004 | Crack -

Cumulative average response time (secs)

10000

0001 -I L1 nnl L nul 1 Ll !
1 10 100 1000
Query sequence
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continuous adaptation

"10K random selections 100 ™, Full IndeXx .
selectivity 10% R '
random value ranges

In a 30 million integer column
\. J

0.1

0.01 |
10K queries later, 0.004 f
Full Index still has not
. Lo 0.001 SR TY R SR ST
amortized the initialization costs 1 10 100 1000 10000

Query sequence

Cumulative average response time (secs)
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traditional databases
monolithic/full indexing

offline indexing online indexing

r N r N
workload analysis - . .
index building ¢ ) O O

query processing - - -

\. J . J
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traditional databases
monolithic/full indexing

offline indexing online indexing

workload analysis - ) ( . . :
index building C O O

query processing -

database cracking

partial/adaptive/continuous indexing

adaptive indexing

()

HARVARD

School of Engineerin |
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table1

----------------------------------

LA :
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L\ ;

----------------------------------
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table1

----------------------------------

00 E E
uuulu ____________ R e, I ______________ / ..................................
E i o000

---------------------------------------------------------------------
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select R.A from R where R.A>10 and R.A<14

table1

------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------
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select R.A from R where R.A>10 and R.A<14

select max(R.A),max(R.B),max(S.A),max(S.B) from R,S
where v1 <R.C<v2 and v3 <R.D<v4

and vb <R.E<v6 and k1 <S.C<k?2 and k3 <S.D<k4 and k5 <S.E<k
and R.F=S.F

tabletr
'ABCD L
N\ N 7 B

AU AU ALY, : '

----------------------------------
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select R.A from R where R.A>10 and R.A<14

select max(R.A),max(R.B),max(S.A),max(S.B) from R,S
where v1 <R.C<v2 and v3 <R.D<v4

and v5 <R.E<ve and k1 <S.C<k2 and k3 <S.D<k4 and k5 <S.E<k
and RF=S.F

table1

updates

concurrency control

----------------------------------
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sideways cracking
tuple reconstruction
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rows & columns

row-store column-store
ABCD A BCD

( ) N 7N 7N\ 7))

( )

( )

( )

( )

( )

C ) ) U U U

— HARVARD
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tuple reconstruction

disk memory
A B CD A

l

ABCD

C )
SIBRINIA <1 105 [dreos Sideways Cracking, SIGMOD 09

— HARVARD



column-stores

A B C

. TN N
uple 1 ——| al bl cl
. Tuple 2 —— | a2 b2 c2
positional _’ Tuple 3 23 b3 3
alignment Tuple 4 — | a4 b4 c4
Tuple 5 —> ad b5 cS
Tuple 6 —— | ab bé c6

positional lookups

A(i) = A + i * width(A)

HARVARD

School of Engineerin ' '
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late reconstruction

select min(C) from R where A<10 & B<20

}

disk
A BCD

— HARVARD
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late reconstruction

select min(C) from R where A<10 & B<20

}

disk memory
ABCD A<10

—>

HARVARD

School of Engineerin ' '
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late reconstruction

select min(C) from R where A<10 & B<20

}

disk memory
ABCD A<10

10 int *input=A A<10
2. for (1=0;i<tuples;i++,input++)

_> 3: if *input<10
4: *output=l
5:

output++

HARVARD
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late reconstruction

select min(C) from R where A<10 & B<20

}

disk memory
A BCD Ai10 IQS

—p | | =P

— HARVARD
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late reconstruction

select min(C) from R where A<10 & B<20

}

disk memory
A BCD Ai10 IQS E

- _yvi«:

— \—/ \—/

— HARVARD

School of Engineerin ' '
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late reconstruction

select min(C) from R where A<10 & B<20

}

disk memory
A BCD A<10 IDs B B<20

~

A
—_— | =N L

N

— \—/ \—/

— HARVARD
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late reconstruction

select min(C) from R where A<10 & B<20

}

disk memory
ABCD A<10 IDs B B<20IDs C

=

- ) =P

—p | | =P

///
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late reconstruction

select min(C) from R where A<10 & B<20

}

disk memory
ABCD AfJO IDs B B<20|DS C minC
S U\ _

HARVARD
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the tuple reconstruction problem

RowlDs
) )
1 > al

. . 3 a2 |
without cracking T a3 | sequential access

o
\___/
ordereNA a
ao
ab

RowlDs
)
6 S at
with cracking 1 a2
3 S as random access
N/
unordered a4
ad
aob
HARVARD
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sideways cracking

J

000000000 >

-
\_
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sideways cracking

A
4 )
- J
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sideways cracking
D

J
~N
J

J

)
J
~N

000000000 -
000000000 -
000000000 ©
000000000

-
.
4
-
-
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A 3 C D
r N r N r N 4 N

® ® ® ®
® ® ® ®
O O O O
® ® ® ®
® ® ® ®
O O O O
® ® ® ®
® ® ® ®
® ® ® ®

\\ , \ J \ y, \_ j)

HARVARD

School of Engineerin ' '
@ I C 1o oc [ dreos Sideways Cracking, SIGVOD 09



guery

HARVARD

School of Engineering
and Applied Sciences

sideways cracking

Stratos |dreos

A 3
@ @
@ |
) )
@ @
@ ®
) )
@ @
@ @
® o

000000000 O

J

D

-

J

-

Sideways Cracking, SIGVOD 09



guery

HARVARD

School of Engineering
and Applied Sciences

sideways cracking

Stratos |dreos

A 3
@ @
@ |
) )
@ @
@ ®
) )
® @
O ®
® o

000000000 O

J

D

-

J

-

Sideways Cracking, SIGVOD 09



sideways cracking
D

J
~N
J

J

)
J
~N

9000000000 -
C00000000 =
000000000 O
000000000

gquery

-
-

-

-
-
-

HARVARD

School of Engineerin ' '
* I C 1o oc [ dreos Sideways Cracking, SIGVOD 09



sideways cracking
D

J
~N
J

J

)
J
~N

9000000000 -
000000000 *
000000000 O
000000000

gquery

r
-
-

-

-
-
-

HARVARD

School of Engineerin ' '
* I C 1o oc [ dreos Sideways Cracking, SIGVOD 09



sideways cracking
D

J
~N
J

J

)
J
~N

000000000 -
000000000
000000000 O
000000000

\_ Yy, \_ Y, \_ J \- J

l0g crack actions and replay to align columns dynamically
eplace tuple reconstruction with cracking actions

School of Engineerin ' '
* I C 1o oc [ dreos Sideways Cracking, SIGVOD 09

HARVARD




sideways cracking

Initial state
( A N B )
12 b1
3 b2
5 b3
9 b4
15 b5
22 b6
7 b7
26 b8
4 b9
2 b10
24 b11
11 b12
| 16 | \b13,

HARVARD
PR 1ot < [dreos Sideways Cracking, SIGMOD 09



sideways cracking

Initial state select B from R where 10<A<15

( A N B )
12 |[ b1
3 || b2
5 || b3
9 || b4
15 || b5
22 || b6
7 || b7
26 || b8
4 || b9
2 ||b10
24 || b11
11 || b12

16 || b13

HARVARD
o Apoliod Being Sideways Cracking, SIGMOD 09
and Applied Sciences Stratos |d|’eOS )



sideways cracking

Initial state select B from R where 10<A<15

A B | Crackerindex (_MAKB_\
12 || b1 4 | b9
3 b2 3 b2
5 b3 | Position 1 5 | b3
9 b4 ||Piece yaue <=10\| 9 | b4
15 || b5 2 | b10
22 b6 7 b7
7| b7 ] Position 7< 121 b1
26 b8 Piece 2 value >10 '_1_1 L ?1_2_'
4 b9 1 b5
2 b10 22 | b6
24 oT1 Position 9 24 | b1
11 b12 Piece 3 value >=15 26 b8

| 16 | \b13) | 16 Ab‘IBJ

HARVARD
o Apoliod Being Sideways Cracking, SIGMOD 09
and Applied Sciences Stratos |d|’eOS )



sideways cracking

Cracker Map
Head Tall

Initial state _select B from R where 10<A<15

A B | Crackerindex ; lMArB_. |
12 || b1 4...}..b9
3 b2 3 b2
5 b3 | Position 1 5 | b3
9 b4 ||Piece yaue <=10\| 9 | b4
15 || b5 2 | P10
22 b6 4 b7
7| b7 ] Position 7< 121 b1
26 || b8 [|Piece2 | ues10 \|'11. | P12
4 || b9 15" [ b5
2 b10 22 | b6
24 b1 Position 9 24 | b1l
11 b12 Piece 3 value >=15 26 b8

k164 kb134 k16 Ab‘ISJ

HARVARD
o Apoliod Being Sideways Cracking, SIGMOD 09
and Applied Sciences Stratos |d|’eOS )



sideways cracking

Cracker Map

crack based on head, carry tall

Head Tall
Initial state select B from R where',10_<ﬁ<15
A B | Crackerindex ( 'MATBJ \
12 || b1 4...}.b9
3 b2 3 b2
5 b3 _ Position 1 5 | b3
9 b4 ||Piece yaue <=10\| 9 | b4
15 b5 2 b10
22 b6 7/ b7
’ o7 11 Position 7< 12 b1
26 b8 ||Piece 2 value >10 11 | b12,
4 b9 15 b5
2 b10 22 | b6
24 b11 Position 9 24 | b1
11 b12 || Piece 3 value >=15 26 b8
\161\b131 \16 Ab13)

HARVARD

School of Engineerin ' '
and Applied Science: RTE TRl Sideways Cracking, SIGVOD 09



sideways cracking

Cracker Map

crack based on head, carry tall

Head Tall
Initial state select B from R where 10<A<15
A B | Crackerindex _Mag
12 || b1 || 4 | b9 [}
3 || b2 || 3 | b2 |}
5 b3 || Position 1 5 | b3
9 b4 ||Fiece yaue <=10\| 9 | b4
15 b5 ||: 2 b10
22 b6 e :-'Zr-'.r-':-' b-'Z-:-""
7ol b7 ] Position 7< 27 b1
26 b8 | |Piece 2 value >10 11 | b124).
4 09 ||rreerrersen HRRZ el gt egf )
2 || b10 || 22 | b6 |}
24 b11 Position 9 24 | b1
11 bi12 i:)iece 3 value >=15 26 b8
16 (D13 .16, ) b13 1

Cracking knowledge

= HARVARD

School of Engineerin ' '
and Applied Science: RTE TRl Sideways Cracking, SIGVOD 09




sideways cracking

Cracker Map
Head Talil

Initial state select B from R where 10<A<15

crack based on head, carry tall

A B | Crackerindex —MAB—

12 b1 4 b9

3 b2 3 b2

5 b3 _ Position 1 5 | b3

9 b4 ||Piece yaue <=10\| 9 | b4

15 b5 2 b10

22 || b6 7 | b7,

/ o7 11— Position 7< 12 [ 1 :'E (_<—

26 b8 Piece 2 value >10 -_1_1 ) .?1-2_:‘ —

4 b9 15 |" b5

2 b10 22 | b6

24 b11 Position 9 24 | b11

11 b12 || Piece 3 value >=15 26 b8
\161\b131 \16 Ab13)

Cracking knowledge  No tuple reconstruction

HARVARD

School of Engineerin ' '
and Applied Science: RTE TRl Sideways Cracking, SIGVOD 09



sideways cracking

Cracker Map
Head Talil

Initial state select B from R where 10<A<15

crack based on head, carry tall

A B | Crackerindex __Mag

12 b1 4 b9

3 b2 3 b2

5 b3 _ Position 1 5 | b3

9 b4 ||Piece yaue <=10\| 9 | b4

15 b5 2 b10

22 b6 7/ b7-|..

.. - o o8 5N q (

/ b7 _ Position 7 /| 112 1 .E g

4 b9 15 ["DB5"°

2 b10 22 | b6

24 b11 Position 9 24 | b11

11 b12 Piece 3 value >=15 26 b8
\161\b131 \16 Ab13)

Cracking knowledge  No tuple reconstruction

Dynamically/on-the-fly within the select-operator

HARVARD

School of Engineerin ' '
and Applied Science: RTE TRl Sideways Cracking, SIGVOD 09



sideways cracking

Cracker Map

crack based on head, carry tall

Head Tall
Initial state select B from R where 10<A<15 select B from R where 5=<A<17
A B | Crackerindex —MAB— Cracker index MA(B
12 b1 4 b9 Position 1 4 b9
3 b2 3 b2 Piece 1 value <5 3 b2
5 b3 _ Positon 1/ 5 | b3 _2_|.bto.
9 b4 ||Plece 1 yaue <=10\| 9 | b4 | Positon 4 /|| + 9 | b4,
15 || b5 2 | b1o |||Piece2 g ye>=5([:5 [ b3
' 7 b7 '
272 E? Position 7 .-1?2- ) b'% W piece g FOSHONT7 4112 | b1 PE—
osition : || Piece ) '
26 || b8 ||Piece 2 < 11 [b12.E Value>104 ‘11 | bl12ef| €
value >10 \| - . -} = .. '
4 b9 15 ["D5" Position 9 15 | b5 .
2 b1 O 22 b6 P|ece 4 val o _15 '_1_6_ '.91.3‘:4
24 || b11 positon o\ | 24 | b1 ue =>= 24" [ bi1
1111 b12 | Piece 3 |41 0 w215 \[| 28 | P8 | Position 11( | 26 | b8
. 16 J . b1 3 J . 16 J\. b1 3 J Plece 5 Value >=1 7 22 I\ b6 J

HARVARD

School of Engineering

and Applied Sciences StratOS |d reos

Cracking knowledge

No tuple reconstruction

Dynamically/on-the-fly within the select-operator

Sideways Cracking, SIGNMOD 09




adaptive alignment

Initial state select B from R where A<3 T - - - = - -
A B C Crack A<3
(7 ) (b1 ] [ct1 ) MaB  Result
4 b2 c2 'é ) 64: b4
3" .
1 b3 | | 3 =21 | bs:
2 b4 c4 4 | b2
8 b5 c5 7 | b1
3 b6 c6 v>=3 8 | b5
L 6 J L b7 Y, g C7 Y, 3 b6
6 | b7

HARVARD
R e e Sideways Cracking, SIGMOD 09
and Applied Sciences Stratos |d|’eOS )



adaptive alignment

Initial state r select B from R where A<j3r select C from R where A<5 .

A B C Crack A<3 Crack A<5
s . N\ b1 N\ o1 N (&A\cB_\ Result

4 b2 c2 ‘2 | b4y |pa

1 b3 | | c3 <SS | b

2 b4 c4 4 | b2

8 b5 c5 7 | bl

3 b6 c6 v>=3 8 | b5

6 b7 c7 3 | b6
- J - J - J 6 b7

—— N

Mac Result

)

'3 [c6] |c6
v<5/ |4 | c2. c2
1 |c3, c3
"2 | c4! c4
8 | c5
v>=5 7 | ci1
Gt

HARVARD

School of Engineerin ' '
and Applicd Science: R TEN TR Te N Sideways Cracking, SIGVOD 09



adaptive alignment

Initial state select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
( 7 1 ( b1 N[ ci ) I\-/I,?‘B- Result MAB
4 b2 c2 ‘27b4Y |p4 ‘27 [b4y
v<3 ' . ' )
1 b3 | | c3 +1 | b3 V<SS 1 | b3
2 b4 | | c4 4103 v>=3 <||:3 | b6
8 b5 c5 7 | bl 7 | bl
3 b6 c6 v>=3 8 | b5 8 | b5
_ Result
L6 J b7 ) (7 | 3 | b6 v>=4(| 4 [po esu
6 b7 6 b7 b4 | c6
Mac Result Mac b6 | c3
(= = ¥ = =) (X - o)
'3 [c6! c6 w3 [CO.
v<b 4 | c2y c2 v<4 : 2 C4:
1 |3, c3 *1 | c3!
2 |c4! c4 v>=4 ]| 47| c2
8 | c5 8 | ch5
v>=5 7 | c v>=5 7 | c
6 | c7 6 | c7
L )L |, JL |, )

HARVARD

School of Engineerin ' '
and Applicd Science: R TEN TR Te N Sideways Cracking, SIGVOD 09



adaptive alignment

Initial state select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
( 7 1 ( b1 N[ ci ) I\-/I,?‘B- Result MAB
4 b2 c2 ‘27b4Y |p4 ‘27 [b4y
v<3 ' . ' )
1 b3 | | c3 +1 | b3 V<SS 1 | b3
2 b4 | | c4 4103 v>=3 <||:3 | b6
8 b5 c5 7 | bl 7 | b
3 b6 c6 v>=3 8 | b5 8 | b5
_ Result
6 | | b7 ) | o7 3 | b6 V>4l 4 [po | epiiotiia.,
6 |b7 6 |b7| 5|P4]c6|:
— N \ A J ldsllbz‘_l
Mac Result Mac b6 | c3
'3 [c6! c6 2/ 3 Tc6.
v<5/ |4 | c2 c2 V< 12 | c4.
1|3 |c8 411 c3! Wrong
'2 | c4) c4 v>=4 <|| 47[c2 |o]
b > | jalignment
v>=5 7 | c v>=5 7 | c
6 | c7 6 | c7
L )L — N JL |, )

HARVARD

School of Engineerin ' '
and Applicd Science: R TEN TR Te N Sideways Cracking, SIGVOD 09



adaptive alignment

Initial state select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
( 7 1 ( b1 N[ ci ) I\-/I,?‘B- Result MAB
4 b2 c2 ‘27b4Y |p4 ‘27 [b4y
v<3 ' . ' )
1 b3 | | c3 +1 | b3 V<SS 1 | b3
2 b4 | | c4 4103 v>=3 <||:3 | b6
8 b5 c5 7 | bl 7 | b
3 b6 c6 v>=3 8 | b5 8 | b5
_ Result
6 | | b7 ) | o7 3 | b6 V>4l 4 [po | epiteiia,
6 |b7 6 |b7| 5|P4]c6|:
— N \ A J ldsllbz‘_l
Mac Result Mac b6 | c3
'3 [c6! c6 2/ 3 Tc6.
v<5/ |4 | c2 c2 V< 12 | c4.
1|3 |c8 411 c3! Wrong
'2 | c4) c4 v>=4 <|| 47[c2 |o]
b > | jalignment
v>=5 7 | c v>=5 7 | c
6 | c7 6 | c7
L )L — N JL |, )

perform the same cracks and in the same
order on all maps with the same head

HARVARD
o Apoliod Being Sideways Cracking, SIGMOD 09
and Applied Sciences Stratos |d|’eOS )



adaptive alignment

Initial state select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
( 7 1 ( b1 1 ( ci ) MAB Result MAB
4 b2 c2 ‘27 [b4y| [p4 :'2"54'.
1 b3 | | c3 NS V<SS 1 | b3
2 b4 c4 4 1b2 v>=3 <]| 3 | b6
8 b5 c5 7 | b1 7 | bi
3 b6 c6 v>=3 8 | b5 8 | b5
6 | | b7 | | o7 | 3 | b6 =4 (|l g (b2 | 088
6 | b7 6 |b7| 5,[D4]c6|;:
— N . A J ldsllbnl
Mac Result Mp b6 | c3
'3 [c6! c6 . w3 [¢6.
v<5/ |4 | c2 c2 V< 12 | c4.
1|3 |c8 411 c3! Wrong
'2 | c4) c4 v>=4 <|| 47[c2 |o]
b > | jalignment
v>=5 7 | c v>=5 7 | ci
6 | c7 6 | c7
— N JL — N
perform the same cracks and in the same on-line alignment
order on all maps with the same head touch/load everything, always

HARVARD
o Apoliod Being Sideways Cracking, SIGMOD 09
and Applied Sciences Stratos |d|’eOS )



adaptive alignment

Initial state select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
( 7 1 ( b1 1 ( ci ) MAB Result MAB
4 b2 c2 ‘27 [b4y| [p4 :'2"54'.
1 b3 | | c3 NS V<SS 1 | b3
2 b4 | | ca 4 b2 v>=3 ]|+ 3 | b6
8 b5 c5 7 | b1 7 | b
3 b6 c6 v>=3 8 | b5 8 | b5
6 | | b7 ) | o7 3 | b6 vo=a( |l g (o | 28
6 | b7 6 |b7 | 5[P4]c6|:
— N . A J ldsllbnl
Mac Result Mp b6 | c3
(= = ¥ = =) (oYX o)
'3 [c6! c6 . w3 [¢6.
v<hb v 4 Cc2 c2 V< :2 C4:
1|3 |c8 411 c3! Wrong
'2 | c4) c4 v>=4 <|| 47[c2 |o]
b > | jalignment
v>=5 7 | c v>=5 7 | ci
6 | c7 6 | c7
— N JL — N
perform the same cracks and in the same on-line align t
order on all maps with the same head touch/load eyemnything, always

HARVARD
R e e Sideways Cracking, SIGMOD 09
and Applied Sciences Stratos |d|’eOS )



adaptive alignment

Initial state select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
( 7 1 ( b1 1 ( ci ) MAB Result MAB
4 b2 c2 ‘27 [b4y| [p4 :'2"54'.
1 b3 | | c3 NS V<SS 1 | b3
2 b4 | | ca 4 b2 v>=3 ]|+ 3 | b6
8 b5 c5 7 | b1 7 | b
3 b6 c6 v>=3 8 | b5 8 | b5
6 | | b7 ) | o7 3 | b6 vo=a( |l g (o | 28
6 | b7 6 |b7 | 5[P4]c6|:
— N . A J ldsllbnl
Mac Result Mp b6 | c3
(= = ¥ = =) (oYX o)
'3 [c6! c6 . w3 [¢6.
v<hb v 4 Cc2 c2 V< :2 C4:
1|3 |c8 411 c3! Wrong
'2 | c4) c4 v>=4 <|| 47[c2 |o]
b > | jalignment
v>=5 7 | c v>=5 7 | ci
6 | c7 6 | c7
— N JL — N
perform the same cracks and in the same on-line align t
order on all maps with the same head touch/load eyemnything, always

remember and replay cracks across columns

HARVARD
R e e Sideways Cracking, SIGMOD 09
and Applied Sciences Stratos |d|’eOS )



adaptive alignment

Initial state select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
s - N\ b1 N ( ci A %CB-_\ Result (%CB_\
4 b2 c2 ‘2°[b4y (pa ‘27 b4y
1 b3 | | c3 <SS | b VS 1 b3
2 b4 | | c4 4103 v>=3 <]|:3 | b6
8 b5 c5 7 | bl 7 | bl
3 b6 c6 v>=3 8 | b5 8 | b5
_ Result
6 ) | b7 | | c7 | 3 b6 v>=4{1 4 [b2 ool
Mac Result Mac b6 | c3
(= = ¥ = =) (o X - =)
'3 [c6! c6 2/ 3 T ce.
v<hb 4 Cc2 c2 V< : 2 C4:
1 |3, c3 411 c3! Wrong
'2 | c4) c4 v>=4 || 47[c2 || -
2 > | alignment
v>=5( | 7 |c1 v>=54 7 | cl
6 | c7 6 | c7
L )L — N JL |, J
Crack A<3 » Crack A<3 Crack A<5 » Crack A<5 Crack A<4
IVIAB Result MAB IVIAB
(v “F =) — (o = % = =)
v<3 ' b4 : b4 v<3 2 b4 v<3 : 2 b4:
1,103y | b3 1 | b3 .1 | b3,
4 |b2 el 4 |b2| v>=3<].3 |bs.
7 | b1 3 | b6 v>=4 ]| 4 | b2
v>=3 8 | b5 8 | b5 8 | b5
3 | b6 v>=5 7 | b1 v>=5 7 | b1 Result
6 | b7 6 | b7 6 | b7 b4 | c4
Mac Result Mac b3 | c3
(2 [t T A
c '
v<3 c4 v<3{||'c | C
V3 1 |3 3 ‘1 | ¢3!
4 |c2 v>=3 c2 v>=3<]'3 | c6;
7 | cl c6 v>=4<]| 4 | c2
V>=3 8 C5 8 C5
3 | c6 v>=5 v>=5 7 | ci
6 | c7 6 | c7
L J L N J L R —h— y,

HARVARD

School of Engineerin ' '
and Applicd Science: R TEN TR Te N Sideways Cracking, SIGVOD 09



adaptive alignment

Initial state select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
s - N\ b1 N ( ci A %CB-_\ Result (%CB_\
4 b2 c2 2 °[b4y [ba PR
1 b3 | | c3 <SS | b VS 1 b3
2 ba | | c4 4103 v>=3 <||:3 | b6
8 b5 c5 7 | b1 7 | bl
3 b6 c6 v>=3 8 | b5 8 | b5
_ Result
6 ) | b7 | | c7 | 3 b6 v>=4{1 4 [b2 el
Mac Result Mac b6 | c3
(= = ¥ = =) (o X - =)
'3 [c6! c6 2/ 3 T ce.
v<hb 4 Cc2 c2 V< : 2 C4:
1 |3, c3 411 c3! Wrong
'2 | c4) c4 v>=4 || 47[c2 || -
2 > | alignment
v>=5( | 7 |c1 v>=54 7 | cl
6 | c7 6 | c7
L )L |, JL |, J
Crack A<3 » Crack A<3 Crack A<5 » Crack A<5 Crack A<4
IVIAB Result MAB IVIAB
(v “F =) —~ (o = % = =)
v<3 ' b4 : b4 v<3 2 b4 v<3 : 2 b4:
‘11034 | b3 1 | b3 + 1| b3
4 |b2 el 4 |b2| v>=3<].3 |bs.
7 | b1 3 | b6 v>=4 ]| 4 | b2
v>=3 8 | b5 . 8 | b5 8 | b5
3 | b6 Al 1gn vo=5{ 7 |p1 | v>=5(| 7 |b Result
6 | b7 6 | b7 6 |7 b4 | c4
Mac Result Mac b3 | c3
2 [ca] " Ftar) OE
C ° ]
% v<3 c4 v3 (e | ©
<8\ 1 |c3 } c3 ‘1 | ¢3!
4 c2| \ica c2 v>=3<]"3 | c6
7 | cl : c6 v>=4 < 4 |c2
V>=3 8 C5 s 8 C5
3 [c6| v>=5 v>=5(/[ 7 | c1
. JLU Lﬂ"" J U LE} _J

HARVARD

School of Engineerin ' '
and Applicd Science: R TEN TR Te N Sideways Cracking, SIGVOD 09



adaptive alignment

Initial state select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
s - N\ b1 N ci A %CB-_\ Result (%CB_\
4 b2 c2 ‘2°[b4y (pa ‘27 b4y
1 b3 | | c3 <SS | b VS 1 b3
2 ba | | c4 4 1p2 v>=3 <]|: 3, | b6
8 b5 c5 7 | b1 7 | b1
3 b6 c6 v>=3 8 | b5 8 | b5
_ Result
6 ) | b7 | | c7 | 3 | b6 v>=4(1l 4 |b2 e
— — b3 | c4
Mac Result Mac b6 | c3
(= = ¥ = =) (o X - =)
'3 [c6! c6 2/ 3 [co.
v<hb 4 Cc2 c2 V< : 2 C4:
1 |3, c3 411 c3! Wrong
'2 | c4) c4 v>=4 || 47[c2 || -
2 > | alignment
v>=5( | 7 |c1 v>=54 7 | cl
6 | c7 6 | c7
L )L |, JL |, J
Crack A<3 » Crack A<3 Crack A<5 » Crack A<5 Crack A<4
Mag  Result T Mag Mag
s " ‘A 30‘ “' ) S .I
v<3 ' b4 : b4 .'.’ v<3 2 b4 “¥<3 : 2 b4.
‘1 [ b3, |b3 3 1 | b3 Y 1 | b3,
4| b3 I vooadl 4 |p2| v3<]:3 |bs:
7 | b1 3 | b6 v>24 ] 4 | b2
v>=3 8 | b5 . 1 8 | b5 8 | b5
3 | b6 Al 1gn Y ovs=5(| 7 |b1| v¥=5({| 7 |b1 Result
6 | b7 " 6 |b7]) . 6 | b7 b4 | ca
MAC Result MAC b3 | ¢3
Y ) . . 2 X = ) b6 C6
wadl 2 [et] s c4 A||gn vz (]2 [ 4
1 |c3 : c3 .1 1]c3,
4 c2| \ica c2 v>=3<]"3 | c6
7 |t : c6 v>=4 ]| 4 | c2
V>=3 8 C5 s 8 C5
3 [c6| v>=5 v>=5(/[ 7 | c1
. JLU Lﬂ"" J U Lﬂ) _J

HARVARD

School of Engineerin ' '
and Applicd Science: R TEN TR Te N Sideways Cracking, SIGVOD 09



adaptive alignment

Initial state select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
s - N\ b1 N ci ) %CB-_\ Result (%CB_\
4 b2 c2 ‘2°[b4y (pa ‘27 b4y
1 b3 | | c3 <SS | b VS 1 b3
2 b4 c4 4 | b2 v>=3 <]|s3 [b6]
8 b5 c5 7 | b1 7 | b1
3 b6 c6 v>=3 8 | b5 8 | b5
_ Result
6 | | b7 | | 7 | 3 | b6 v>=4( | 4 |b2 ool
Mac Result Mac b6 | c3
(= = ¥ = =) (o X - =)
'3 [c6! c6 2/ 3 [co.
v<hb 4 Cc2 c2 V< : 2 C4:
1 |3, c3 411 c3! Wrong
'2 | c4! c4 v>=4 471°c2 |5 -
2 > | alignment
v>=5( | 7 |c1 v>=54 7 | cl
6 | c7 6 | c7
L )L |, JL |, J
Crack A<3 » Crack A<3 Crack A<5 » Crack A<5 Crack A<4
Mag  Result < Mag Mag
s " ‘A 30‘ “' ) S .I
v<3 ' b4 : b4 .'.’ v<3 2 b4 “¥<3 : 2 b4.
‘1 [ b3, |b3 3 1 | b3 Y 1 | b3,
4 | b2 1 vo=3 /] 4 |b2| V>33 .3 _|ve:
7 | b1 3 | b6 v>24 ] 4 | b2
v>=3 8 | b5 . 1 8 | b5 8 | b5
3 | b6 Al 1gn Y ovs=5(| 7 |b1| v¥=5({| 7 |b1 Result
6 ) b7 " 6 | b7 6 | b7 b4 | ca
MAC Result MAC b3 | ¢3
Y ) . . 2 X = ) b6 C6
wadl 2 [et] s c4 A||gn vz (]2 [ 4
e o3 1134 Correct
4 c2| \ica c2 v>=3<]"3 | c6
7 et i c6 v>=4<]| 4 |2 glignment
V>=3 8 C5 s 8 C5
3 | c6 S V>=d v>=5 7 | c
- I, 6 C-? ) J —‘6 —‘07 J
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adaptive alignment

Initial state ) select B from R where A<3 select C from R where A<5 select B,C from R where A<4
A B C Crack A<3 Crack A<5 Crack A<4
) (1) (o)
4 b2 c2 . . .
Pl ||| | v replace tuple reconstruction with cracking
2 b4 c4
8 b5 c5
3 b6 c6 v>=3 b5 8 | b5
6 b7 c7 b6 V>=4<I 4 | b2 Result
\. J \. J \. J b7 6 b7 tb)g Ci
c
Mac Result Mac b6 | c3
- = ¥ = =) X - o)
: 3 c6 : c6 4 <I 3 1¢c6.
v4 | c2 c2 V< 12 | ca.
11 | ¢3! c3 <]:1 c3! Wrong
'2 | c4) c4 v>=4 || 47[c2 ||
2|2 - | glignment
7 | ci v>=5<| 7 | ci
6 Jo7 6 o7
Crack A<3 il » Crack A<3 Crack A<5 I » Crack A<5
MAL Result ‘y"“‘ MAB ..."u,s
27164 (b4 <] > [ba)] ™ 3<]
3 : ] V<
A fes: EIRAAN I e %
4 b2 I voesd 4 |02 w234
7 | b1 3 [be| v=24<] 4
v>=3 8 | b5 . 1 s |bs
3 | b6 A||gﬂ Y vs=5( || 7 | b1 \{,>'=5<] Result
L6 Jb7) 6 |b7) b4 | c4
Mac Result Eg gg
V<3<I ? gg Cg A|Igﬂ v<3< 2 '
c
4 |c2 o =3 Correct
7 c1 c6 =4 4 . [
Ll s | v>=4 < alignment
3 | c6 v>=5
. 6 |c7 |~
.... e taad

----------
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multl-selections

wider maps...but too many combinations

maps of different maps sets lead to alignment problems

select D from R where 3<A<10 and 4<B<8 and 1<C<7
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multl-selections

wider maps...but too many combinations

maps of different maps sets lead to alignment problems

use a single map set and exploit bit-vectors

select D from R where 3<A<10 and 4<B<8 and 1<C<7
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multl-selections

select D from R where 3<A<10 and 4<B<8 and 1<C<7

Initial state select_create_bv(A,3,10,B,4,8) select_refine_bv(A,3,10,C,1,7,bv) reconstruct(A,3,10,D,bv)

A B C D MAg Mac MaD
3(l2]|6]]|4 v<=3(|l 3 | 2 | vectorbv v<=3(|l 3 | g | vectorbv| | vectorbv V<=3< 3 | 4 Result
5 6 2 2 '5 6:—>T !5 | 2 —p 1 (1 p------ 52—l 2
9 10 2; 12 9 | 10, 0 ' 9 1., 0 0 v9 | 10 12
>l v>3 [|[:8 | 7 i1 bbb '8 | 6 1 [t |1 - '8 | 121
22 | | 11 9 ||19 v7 | 3 0 37 | 3 0 0 307 |1
7 [|16](12]] 3 +7 | 16, 0 7 | 124 0 0 v 7 | 3
26 |2 ||2]]|6 A |5 e AL o) 0 A5
4 5 || 1 5 26 | 2 26 | 2 26 | 6
2118|1718 v>=10(| 12 | 9 v>=10{|| 12 | 3 vo=1olll 12 | 9
7 3 3 1 =

) o ) U1 22 | 11 22 | 9 22 | 19
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multl-selections

select D from R where 3<A<10 and 4<B<8 and 1<C<7

Initial state select_qr_gate-_-bv(A_,,?._,1 0,B,4,8) select_refine_bv(A,3,10,C,1,7,bv) reconstruct(A,3,10,D,bv)
e A N\ s B N\ [ C N\ [ D N o MAB ....... - MAC MAD
2) (9 3 9 < e Y8 ) B 5 Y17 )  Bit Bit (2 | 8
3(l2]|6]]|4 V<=3(|| 3 | 2 | vectorby v<=3(|l 3 | g | vectorbv| | vectorbv V<=3< 3 | 4 Result
o 1101l 7 || AR na BRI 57| 2 A} 512N (2
9 |10 é 12 ; 9 | 10, 0 9 | 1. 0 0 9 | 10 12
8 7 dovs3/|i8 | 741 ikl '8 | 6 il 1 |-t |1 F------ .8 | 12,
22 | |11 || 9 |]|19[: 7 134 o v3(1v 5 | 5 0 ol w3{|7 | 1
7|16 ][12]| 3 |° +7 | 16, 0 7 | 124 0 0 v 7 | 3
26 |2 ||2]]|6 A |5 e AL o) 0 A5
4 5 1 5 26 | 2 26 | 2 26 | 6
2 8 |17 ]| 8 ve=10{| 12 | 9 vs=10{| 12 | 3 vetolll 12 ] 9
7 3 3 1 .’0. o -
e NECED GHLED B 22 | 11 ) . 22 | 9 22 | 19

Ya,, ws®
""sagguunnnt

Crack 3<A<10
Analyze tail 4<B<8
Create bit vector
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multl-selections

select D from R where 3<A<10 and 4<B<8 and 1<C<7

Initial state select_create_bv(A,3,10,B,4,8) select_refine_hv(A,3,10,C,1,7,bv) reconstruct(A,3,10,D,bv)
A B C D Mag | [ T Mac 7 Map
12)(9 (3 (9 > | 8 Bit <2 Y17) Bit Bit (2 | 8
3 2 6 4 v<=3{|| 3 | 2 | vectorbv Y<=3(|l 3 | & | vectorbi| | vectorbv V<=3< 3 | 4 Result
I s e (S s i) B (T 157175 (2
9 10 é 12 ' 9 10, 0 H ' 9 1. 0 0 ' 9 10 » 12
S v>3 |18 | 7 i T bk '8 | 6l 1 [t 1 oo '8 | 12,
22 | [ 11 || 9 []19 7 | a3 o AV T 0 ol w8z | 1
7 [ |16 |]|12]3 +7 | 16, 0 7 | 12, 0 0 v 7 | 3
26 || 2 2 6 4 | 5 el 1 4 | 11, L0 0 4 | 5.
4 5 || 1 5 26 | 2 26 | 2 26 | 6
2018|1771 8] | v>=10(| 12| 9 vi=1o([ 12 | 3 vetolll 12 ] 9
L7 J 38U 22 | 11 .. 22 | 9 ] .- 22 | 19 |
Crack 3<A<10 Align 3<A<10
Analyze tail 4<B<8 Analyze tail 1<C<7
Create bit vector Refine bit vector
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multl-selections

select D from R where 3<A<10 and 4<B<8 and 1<C<7

Initial state select_create_bv(A,3,10,B,4,8) select_refine_bv(A,3,10,C,1,7,bv) reconstruct(A,3,10,D,bv)

,A‘,B\,C\,D\ M ap Mac | [ MAD ™.
12119 (|39 2 | 8 Bit 2 |17 Bit Bit .~ 2 {8 ] .
3 2 6 4 v<=3{|| 3 | 2 | vectorbv v<=3(|l 3 | & | vectorbv| | vectof bv V<=3< 3 | 4 Resylt
5 6 2 2 'o 6 :—DT '5 2:_»'1 ) ’—*1 _______ :'5' 'é': 5 I
g 10 é 12 9 | 10, 0 b9 | 1. 0 ilo0 v9 | 10 12

! v>3 /(18 | 741l s '8 | 6 'l 1 |-b-B| g bomooe- ‘g | 12!

22 | |11 || 9 |]|19 7 134 o v3(1v 5 | 5 0 ol w7 | g
7 | |16 122 2 7 | 16 0 v 7 | 12, 0 0 7 | 3
26 || 2 4 | 5 gl 1 41 0 1 0 : 5 .
4 5 (|11]]5 26 | 2 26 | 2 — . 26 [ 6 "
2118 {178 || w=t0(]12] 9 v>=10{|| 12 | 3 Ceysmtol 12] 9 | L
L7 )3 )3 J U 22 | 11 2|9 | || Tl 22 | 19 ).
— A ~———— A R \,mf _\_'...._.l‘_J
Crack 3<A<10 Align 3<A<10 Align 3<A<10
Analyze tail 4<B<8 Analyze tail 1<C<7 Grab tail values
Create bit vector Refine bit vector
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multl-selections

select D from R where 3<A<10 and 4<B<8 and 1<C<7

Initial state select_create_bv(A,3,10,B,4,8) select_refine_bv(A,3,10,C,1,7,bv) reconstruct(A,3,10,D,bv)
,A‘,B\,C\,D\ M ap Mac | [ MAD ™.
12119 (|39 2 | 8 Bit 2 |17 Bit Bit .~ 2 {8 ] .

3 2 6 4 v<=3{|| 3 | 2 | vectorbv v<=3(|l 3 | & | vectorbv| | vectof bv V<=3< 3 | 4 Resylt
5 6 2 2 'o 6 :—DT '5 2:_»'1 ) ’—*1 _______ :'5' 'é': 5 I
9 | |10 é 12 9 | 10, 0 b9 | 1. 0 ilo0 v9 | 10 12
>l v>3 [|[:8 | 7 i1 bbb '8 | 6. 1 [t |1 - '8 | 121
22 | |11 || 9 |]|19 7 134 o v3(1v 5 | 5 0 ol w7 | g
7 [|16](12]] 3 7 | 16, 0 7 | 124 0 0 7 | 3
26 ||2||2]]|6 4 | 5 el 1) 4| 1 0 1 0 4 | 5.
4 5 || 1 5 26 | 2 26 | 2 — . 26 [ 6
2118 {178 || w=t0(]12] 9 v>=10{|| 12 | 3 Ceysmtol 12] 9 | L
L7 )3 )3 J U 22 | 11 2|9 | || Tl 22 | 19 ).
— A ~———— A R \,mf _\_'...._.l‘_l
Crack 3<A<10 Align 3<A<10 Align 3<A<10
Analyze tail 4<B<8 Analyze tail 1<C<7 Grab tail values
Create bit vector Refine bit vector

Use histogram-like info from maps to choose map set
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MonetDB -@- Sel. Crack MySQL
Presorted -©&- Sid. Crack —e= Presorted -H

10000 e e

1000 E
330 -

300 |

250 F

200 [

Response time (milli secs)

150 F

100
70 &

Query sequence
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MonetDB -@- Sel. Crack MySQL

Presorted - Sid. Crack =~ Presorted -1
10000 grrrmrrr [ e e e . e a a aa -
3 1000 *
= 330
£ 300}
£ : 1 normal MonetDB
o 250 F 1
S -
2 200 | | |
o : 1 selection cracking
150 | 1
100 | :
70 L o
30

Query sequence
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MonetDB -@- Sel. Crack MySQL

Presorted -©- Sid. Crack - Presorted £
10000 Frrrmrmrs M =
1000 :- /64 v TPC-H Query 15
330_"'4'2IO';"I""I""'I""I"I_
300 i .

1 normal MonetDB
-(—_

250 F

200 [

Response time (milli secs)

selection cracking

1l °

presorted Mone

preparation cost
3-14 minutes

Query sequence
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MonetDB -@- Sel. Crack MySQL

Presorted -&- Sid. Crack —e= Presorted 1
10000 prrmrrrrm T =
3 :
2 330 047 TPCHQueyTs
\GE_; 300 : 420"' _:
£ : 1 normal MonetDB
9 250 | 1
S :
& 200 ¢
D N
s

selection cracking

1l °

1 MonetDB with
] sideways cracking

presorted Mone

preparation cost
3-14 minutes

Query sequence
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MonetDB -@- Sel. Crack MySQL
Presorted -©&- Sid. Crack —e= Presorted =

g 1000 N TN e e e e T

S 330\ LA PG HQuery 18

£ 300 :

£ : 1 normal MonetDB
O 250 : D

S : E

] 200 — | |

e selection cracking

—“- &—

R MonetDB with

[ N A A
e, © "'l'--c'—{‘ ® )"A’f
N7

] sideways cracking

presorted Mone

preparation cost
3-14 minutes

Query sequence
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MonetDB -@- Sel. Crack MySQL
Presorted -©&- Sid. Crack —e= Presorted =

v \TPC-H Query 15

normal MonetDB

e—o

Response time (milli secs)

selection cracking

—“- &—

g —1 MonetDB with

-)"A'J'

] sideways cracking

OV QO FPONRI OO C

presorted Mone

preparation cost
3-14 minutes

Query sequence
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MonetDB -@- Sel. Crack -4 MySQL
Presorted -©&- Sid. Crack —e= Presorted 1+

normal MonetDB

e—o

Response time (milli secs)

selection cracking

1l °

#\— MonetDB with
sideways cracking

CIRLEAT MY . ) BN NANNNLACN A~ D
AL o A A ‘ ~'~vv-c"{v‘-'c"':"

presorted Mone

preparation cost
3-14 minutes

Query sequence
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cracking indices are auxiliary data structures

can be dropped any time

— HARVARD
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column of 10M tuples, random queries
1000 random insertions every 1000 queries

forgetting

when updates arrive, drop the index

crack (forget)

100000
10000
1000 it

100 x

Cost per query (microseconds)

sy
o
T

SCan

Scan-selelct

] 1 ] 1

queries (x1000)

School of Engineering

and Applied Sciences StratOS |d feos
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queries (x1000)



column of 10M tuples, random queries
1000 random insertions every 1000 queries

forgetting

when updates arrive, drop the index

crack (forget)

100000
10000
1000 it

100 | HHIR

Cost per query (microseconds)

SCan

Scan-selelct

] 1 ] 1

10

queries (x1000)

0 2 4 6 8 10
queries (x1000)

we do not exploit past cracking
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School of Engineering

and Applied Sciences StratOS |d feos



cracking updates

log updates and apply on-line and on-demand during cracking

updates uer

— HARVARD
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cracking updates

log updates and apply on-line and on-demand during cracking

updates quer

— HARVARD
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goal: minimize physical actions column

arrays are dense

pending pending
Inserts  deletes

pleces are ordered

' values in a piece

1 are not ordered

------
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goal: minimize physical actions column

arrays are dense

pending pending
Inserts  deletes

pleces are ordered

' values in a piece

1 are not ordered

------
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goal: minimize physical actions column

arrays are dense

pending pending
Inserts  deletes

pleces are ordered

values in a piece
are not ordered

------

]
1
1
1
1
]
1
1
1
1
\

HARVARD

lllllll
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goal: minimize physical actions column

arrays are dense

pending pending
Inserts  deletes

pleces are ordered

values in a piece
are not ordered

’------
------

lllllllllllllllllll

(39,
(38,

W
O

W
W

LJ
L 4

HARVARD ...................
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goal: minimize physical actions Lcolumn

arrays are dense

@ pending pending
:10 inserts  deletes

pleces are ordered

values in a piece
are not ordered

’------
------

. :
“ ',
;u"" llllll‘.‘
: ' .

lllllllllllllllllll

LJ
L 4

HARVARD ...................
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goal: minimize physical actions .column,

e : :

] 1

' arrays are dense

1 1 . . .

1 pleces are ordered @ pending pending
. | | , :10 inserts  deletes
: values in a piece ! :

1 are not ordered  »

S 30

\J
Serrr SEFEIES
L]

°
—_

LJ
L 4

HARVARD R TTT I
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| 1
' arrays are dense |
| . .
: pieces are ordered : pending pending
. . ‘10 inserts  deletes
i . . i .
' values in a piece : . .
|
1 are not ordered k

© O
{0 © O
E © O

S 30

\J
Serrr SEFEIES
L]

*
a

ee
— J| ©

LJ
L 4

HARVARD R TTT I
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goal: minimize physical actions column

arrays are dense

: pending pending
:10 inserts  deletes

pleces are ordered

values in a piece
are not ordered

’------
------

| |

| |

| |

| |

| |

| |

. L/
Serrr LT
*

a

| |

| |

—_

LJ
L 4

School of Engineering
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column of 10M tuples, random queries
1000 random insertions every 1000 queries

merge all updates merge only qualifying updates
'_g 100000 %MCI T . r . g . , . ,
O i |
& 10000
(@] s
E’ :
% 1000
=3 I
E F
8 10 'l RS FRE b E il I R TE TEITIN P PR TR S 7 |; e i - : J
0 2 2 6 8 10 O 2 < 6 8 10
queries (x1000) queries (x1000)

= HARVARD
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column of 10M tuples, random queries
1000 random insertions every 1000 queries

merge all updates merge only qualifying updates
100000 ﬁMCl T T T | 3 E T T T T

10000

Cost per query (microseconds)

1000 [ -
100 |
] & i""i ' : S R ' ig le st Koo tok £
10 i3 ) HE * IE TR IR JITR RS ST IO RTINS st S 2 o SR
0 2 4 6 8 10
queries (x1000) queries (x1000)

gradual merging avoids high picks
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the ripple

: _ pending
.:cllll IIIIIX: UpdateS

O

. 14
sunnn nenng
N L 3

O

u

oy L |

RALLL 111180
a

u

HARVARD

School of Engineering

and Applied Sciences StratOS |dreos



the ripple

: _ pending
.:cllll IIIIIX: UpdateS

query result

O

. 14
sunnn nenng
N L 3

O

u

oy L |

RALLL 111180
a

u
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the ripple

S .
7 | _ pending
; .:cllll |||n2. Updates
3 | :
O

::uu IIIIS:

:'ol.'l.'l.'l. 'I.'I.'I.'I.'A:.
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the ripple

5 .
7 | _ pending
; .:cllll |||n2. Updates
3 | :
O

::uu IIIIS:

:‘ouu uus:'
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the ripple

5 .
7 | _ pending
; .:cllll |||n2. Updates
3 | :
O

::uu IIIIS:

:‘ouu 11110
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the ripple

.Q‘?&.i.r)?ﬂ..
=i O .
? : pending
; .:cllll lllll:. Updates
o |: :
O

::IIII ||||t:

:‘ouu 11110

doing work not relevant

Q for the current query
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the ripple

olu

()
O

o
-
3
3

]
]
u
]

L/

I N NN ENEENEENEEEN,
.IIIIIIIIIIIIII‘ '.lIIIIIlIIIIIII”.IIIIIIIIIIIIII‘

O

pending
updates

@ O

' Samnn nnnng

I NN NN EEEEENEENEN,),
I NN N EEEEEEENEEN,),

si1iNE IfLEs

query result
query result

I N NN EEEEEEENEEN,),

MIR] nsEng

'.IIIIIIIIIIIIII' ‘.IlIIIIIlIIIIII".IIIIIIIIIIIIII'

O

+111%% \i\\l{ *111%% TS

"y

EEEEN,

doing work not relevant
for the current query

)

«—

\ _:—>
.

HARVARD

O

eNEEEENEEEN
asEEEEEEEEEEEES
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the ripple

o
-
3

olu

3

]
]
u
]

L/

2 |: : pending : 1=
; .:ollll g updates ':‘"" |||n:: O
o |: : : - =
) . . . . '
o |: i : e
O 0 0 |
::"" "'":. '. ::llll ||ll5:.
:‘ouu uus:: :“““ ““::
O E doing work not relevant O 5
E Q : for the current query 5 Q 5

«—
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the ripple

olu

o
-
3
3

]
]
u
]

L/

| O 5 - - O il
S E : pending : 1=
; .:ollll g updates . |||n:: O
o |: : : < >
O |: . - 3 =
O |: : : | S
- QO ) O i3
::uu IIII!:' 3 ::|||| "l":-
:‘ouu uus:: :“““ ““::
O E doing work not relevant E O 5
E Q : for the current query 5 Q

«—
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the ripple

O
Q.
-
3
>

‘I IIOIIII. Igcl)lérnnl.
= O : | - O i
2 : pending : F) 32
; .:ollll llll::: Updates .:ollll lIllI:. S
o : : | 3
O | 0 NeRIk
::uu Illlt:. ' ::|||Q||||s:.
:ouu uus:: :’ouu 'l.'l.h:.
\_-—> . .

doing work not relevant

Q for the current query
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the ripple

O
Q.
-
3
>

‘I IIOIIII. Igcl)lérnnl.
=i O . O .
? _ pending : 1 3
; .:ollll llll::: Updates .:ollll T L
o |: : ' 2
o |- . =
- O O il°
::IIII IIIIS: ST llllt:
Jer1 ki :’ouu TS
e - : :

doing work not relevant
for the current query

O O
Hon 0.
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the ripple

O
Q.
-
3
D
O
o
-
3
5

=l O . O il
? : pending : O 1
; .:ollll T3 Updates .‘..... ramms® o
{NeR ol
O |- - D

0 O |

::IIII ||||t: .....
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the amount of work for each query
depends on the index state

the state of the index depends
on past queries patterns
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blindly adapting to queries Is

not always a good Idea
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problem: read queries become write queries!

goal: be able to crack for multiple queries in parallel
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change index contents only Index structure

and structure changes

traditional indexing adaptive indexing
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no need for traditional locks = too heavy

short term latches = fast and release quickly

change index contents only Index structure

and structure changes

traditional indexing adaptive indexing
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all or nothing iIncremental and optional

change index contents only Index structure

and structure changes

traditional indexing adaptive indexing

HARVARD

School of Engineerin
RIS Gt ot oo |dreos Concurrency Control, PVLDB 12



vl v2 v3

all or nothing iIncremental and optional

change index contents only Index structure

and structure changes

traditional indexing adaptive indexing

HARVARD

School of Engineerin
RIS Gt ot oo |dreos Concurrency Control, PVLDB 12



vl v2 v3

all or nothing iIncremental and optional

change index contents only Index structure

and structure changes

traditional indexing adaptive indexing

HARVARD

School of Engineerin
RIS Gt ot oo |dreos Concurrency Control, PVLDB 12



| [ J=—s [ [ ] 1]
vl v2  v3 a vl v2 v3 D

change index contents only Index structure

and structure changes

traditional indexing adaptive indexing

HARVARD

School of Engineerin
RIS Gt ot oo |dreos Concurrency Control, PVLDB 12



] | == [ [ [ []
vl v2  v3 a vl v2 v3 D

change index contents only Index structure
and structure changes

traditional indexing adaptive indexing

HARVARD

School of Engineerin
RIS Gt ot oo |dreos Concurrency Control, PVLDB 12



| [ === [ [ [ []
vl v2  v3 a vl v2 v3 D
v v2 v3

change index contents only Index structure
and structure changes

traditional indexing adaptive indexing

' Sl e C Control, PVLDB
School of Engineerin
* and Appliengcience§ Stratos |dreos Oncurrency ontrol, 12



) [ |=—
vl v2 v3

all or nothing iIncremental and optional

change index contents only Index structure
and structure changes

traditional indexing adaptive indexing

HARVARD

School of Engineerin
RIS Gt ot oo |dreos Concurrency Control, PVLDB 12
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fewer conflicts as we adapt
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late reconstruction

select min(C) from R where A<10 & B<20

}
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late reconstruction

select min(C) from R where A<10 & B<20

}
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late reconstruction
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late reconstruction
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late reconstruction
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late reconstruction
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}
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late reconstruction

select min(C) from R where A<10 & B<20
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need to latch only to be cracked
pieces (max 2 per select)
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"Rows: 100M

LCIients: 1-32, Machine: 4 cores

Query: select sum(A) from R where v1 < A1 < v2
Selectivity: 0.01%, Random, # of queries: 1024
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problem: cores may be under utilized

goal: either tully utilize a core or shut it down
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scheduler thread pool
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how to distribute the cores - 16 core machine with hyper threading (16+16 hardware threads)
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holistic indexing against using all cores for multi-core adaptive indexing
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Indexing Overview
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adaptive merging

EDBT’10 Goetz Graefe and Harumi Kuno

Incremental sort via external merge sort steps
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Incremental sort via external merge sort steps
select(A,50,100)
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Incremental sort via external merge sort steps
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Incremental sort via external merge sort steps
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EDBT’10 Goetz Graefe and Harumi Kuno

Incremental sort via external merge sort steps
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set—up

10K random selections
selectivity 10%
random value ranges

in a 30 million integer column
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AM: high init overhead
but fast convergence
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adaptive merging and cracking are extremes

what is there in between?
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vary initialization and incremental steps taken
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initialization / convergence tradeoft

Full Index

-
o

c

9o

25
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P

>3

% ;>)~ 5 o Adaptive Merging o Bad Hybrid
D £

- 95’ 2 Database
O ,

g I deal Hybrid (CR @ Giapkng _sean
O :

none 100 1000 never

How many queries before the index fully supports
a random query?
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initialization / convergence tradeoff

-

= Full Index

2 10
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none never
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initialization / convergence tradeoff

Full Index

-
o

s
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none 1 never
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Cost of first query relative to in-

HARVARD

School of Engineerin | |
O C 1ot os |dreos Adaptive Indexing PVLDB 11



initialization / convergence tradeoff

Full Index
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initialization / convergence tradeoff

Full Index

-
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more active is best
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initialization / convergence tradeoff

Full Index

=
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cracking tangram

base data  as queries arrive...

-----------------------

----------------------

-----------------------

----------------------
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cracking tangram

base data  as queries arrive...

...... table 1. ~ table 1

A B CD AT BTTTC DT

N7 N7 )

AN A A
table 2 table 2

------------------------------------------------------------

~

------------------------------------------------------------
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cracking tangram

base data  as queries arrive...

o fapledl  tablel partial materialization
A B C D: A B C D
S YSRYEh

N N\, N
__table 2 __table 2

'A B C D A B Cc D"

N '

------------------------------------------------------------
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cracking tangram

base data  as queries arrive...
. table 1. taple 1 partial materialization

--------------------------------------

NN q O <]O partial indexing

------------------------------------------------------------

------------------------------------------------------------

~

------------------------------------------------------------
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cracking tangram

base data  as queries arrive...

o fapledl  tablel partial materialization

A B CD: + A B C D o |

IR q - - g partial indexing

' . I\ 4— : . .
-, continuous adaptation

------------------------------------------------------------

------------------------------------------------------------

~

------------------------------------------------------------
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base data  as queries arrive...
table 1 | table 1

-----------------------

----------------------

-----------------------

------------------------------------------------------------
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partial indexing
continuous adaptation
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cracking tangram

base data  as queries arrive...

o fapledl  tablel partial materialization

A B CD: + A B C D o |

IR q - - g partial indexing
-, continuous adaptation

q@ 46 storage adaptation

------------------------------------------------------------

------------------------------------------------------------

~

------------------------------------------------------------
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cracking tangram

base data as queries arrive...
table 1. table 1 | partial materialization

partial indexing

continuous adaptation

storage adaptation

no tuple reconstruction

------------------------------------------------------------
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cracking tangram

base data  as queries arrive...

o fapledl  tablel partial materialization

A B CD: «+ A B C D o |

IR q - - g partial indexing
-, continuous adaptation

48 46 storage adaptation

no tuple reconstruction

----------------------

--------------------------------------

adaptive alignment

------------------------------------------------------------
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cracking tangram

base data  as queries arrive...

o fapledl  tablel partial materialization

A B CD: «+ A B C D o |

IR q - - g partial indexing
-, continuous adaptation

48 46 storage adaptation

no tuple reconstruction

----------------------

--------------------------------------

adaptive alignment

------------------------------------------------------------
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cracking tangram

base data  as queries arrive...

o fapledl  tablel partial materialization
A B CD: + A B C D o |
IR q - - g partial indexing

-, continuous adaptation

storage adaptation

no tuple reconstruction

------------------------------------------------------------

adaptive alignment

table2 table 2
ABCD A B C D sort in caches
NN\ :

------------------------------------------------------------
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cracking tangram

base data as queries arrive...
taple_ partial materialization

--------------------------------------

partial indexing

continuous adaptation

storage adaptation

no tuple reconstruction

--------------------------------------

adaptive alignment

sort In caches
crack joins

------------------------------------------------------------
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cracking tangram

base data  as queries arrive...

o fapledl  tablel partial materialization
A B CD: «+ A B C D o |
IR q - - g partial indexing

-, continuous adaptation

q@ QS storage adaptation

no tuple reconstruction

------------------------------------------------------------

adaptive alignment

table 2 table 2
ABCcpDy A TB O C DG sort in caches
NN :

crack joins

lightweight locking

------------------------------------------------------------
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cracking tangram

base data  as queries arrive...

o fapledl  tablel partial materialization
A B CD: «+ A B C D o |
IR q - - g partial indexing

-, continuous adaptation

q@ QS storage adaptation

no tuple reconstruction

------------------------------------------------------------

adaptive alignment

------------------------------------------------------------

~

B C D sort In caches
<« query :

A
q_— — q ; crack joins
N[ Ee—ran =
: NI= U(——-a omi

lightweight locking

stochastic cracking

------------------------------------------------------------
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adaptive storage
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rows & columns

row-store column-store
ABCD A BCD

( ) N 7N 7N\ 77

( )

( )

( )

( )

( )

C ) < U U U
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no fixed optimal solution

’8‘40 DBMS-C
Y390 | —DBMS-R
=

'|:20—

[ =

O 10 -
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Q 0
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rows & columns

row-store column-store
ABCD A BCD

( ) N\ 7N\ 77N\ N

( )

( )

( )

( )

( )

C ) ) U U U
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rows & columns

row-store column-store hybrid-store
ABCD A B CD A B CD
( ) ( )
( ) ( )
( ) ¢ )
( ) ¢ )
( ) ¢ )
C ) < U U U C ) U
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which layout is best?

A BCD
( D (O
c )
c )
c )
( )
c )
( ) U

— HARVARD
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which layout is best?

| U A U A O O

Y YaYaYaYaYa
| U A A A O

C
C
C
C
C
C
C

— HARVARD

YA YAYAYAAYaYa
| U A A A O
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which layout is best?

A BCD

A BCD

3 C D

) (
) (

) (
) (
) (

) (
) (

=20, SIGMOD 14

Stratos |dreos

ing

a
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which layout is best?

A BCD A BCD A BCD
C D (O C OC D NYC O (
c ) C_ OC D C_ D
C ) C OC D C_
( ) C OC D C_ D
( ) C_ OC D C_ D
( ) C_ OC D C_ D
( Y U C_OC D JC O U

too many combinations to maintain in parallel
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query cost

L]
g(L) =Y max(cost!® cost*"Y)
=1

for a given query we can know exactly which layout is best
the one that will cause the fewer cache misses
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it we know all queries up front we can choose the layouts

adaptive storage:
continuously adapt layouts based on incoming queries
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but computing all possible combinations is expensive...

select A+B+C+D from R where A<10 and E>10

1. deal only with attributes referenced in queries
2. handle select clause separately from where clause
3. start from pure column-store and build up

4. stop when no improvement possible
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Indexing

dbTouch
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loading

T —

copy data inside the database
database now has full control

HARVARD
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loading

m tune query

T —

copy data inside the database
database now has full control

slow process...
not all data might be needed all the time

ma]l HARVARD

Stratos |dreos Adaptive Loading, CIDR 11



database vs. unix tools

single query cost (secs)
O 550 1,100

. . 1,650 2200
1 file, 4 attributes, W oo

1 billion tuples Awk
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database vs. unix tools

single query cost (secs)
O 550 1,100

. . 1,650 2200
1 file, 4 attributes, W oo

1 billion tuples Awk

break down db cost
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database vs. unix tools

single query cost (secs)
550 1,100 1,650 2,200

1 file,. 4 attributes, W o8
1 billion tuples Awk

break down db cost

O

loading is a major bottleneck
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database vs. unix tools

0 single query cost (secs)

. . 550 1,100 1,650 2200
1 file, 4 attributes, B o8

g
1 billion tuples AWk%

break down db cost

loading is a major bottleneck

but writing/maintaining scripts does not scale

HARVARD

School of Engineerin | |
and Applied Science: RO iEte LRIt e Adaptive Loading, CIDR 11



adaptive loading

load/touch only what is needed

and only when it is needed

HARVARD
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but raw data access Is expensive

tokenizing - parsing - no iIndexing - No statistics

challenge: fast raw data access

mawml [JARVARD

Stratos |dreos Adaptive Loading, CIDR 11



guery plan
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guery plan

[ sCan ]

HARVARD
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guery plan

[ sCan J
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guery plan

access raw data
adaptively on-the-tly
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guery plan

access raw data
adaptively on-the-tly
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selective parsing
file iIndexing

file splitting
online statistics

guery plan

access raw data
adaptively on-the-tly

HARVARD
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NoDB, SIGMOD 2012
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NoDB, SIGMOD 2012
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NoDB, SIGMOD 2012
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reducing data-to-query time

103 00 Y

1
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1200

o

o

o
1

Execution Time (sg_g)
D 0
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o (&)

400

200 -

MySQL
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PostgreSQL
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% Load

PostgresRaw
PM+C

NoDB, SIGMOD 2012



adaptive
loading

adaptive
Indexing

dbTouch

curious
systems self-designing
systems

= HARVARD

School of Engineering

PSSR Stratos |[dreos



querying
“query
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querying
tune @

-

SQL interface

HARVARD
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querying

tune

SQL interface
correct and complete answers

HARVARD
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querying

complex and slow - not fit for exploration

SQL interface
correct and complete answers

doTouch, CIDR 2013



just touch the data you need
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just touch the data you need

this is not about query building

it is about query processing

mawml [JARVARD

Stratos ldreos doTouch, CIDR 2013



iPad ©

dbTouch
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1+ 67392
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what does this mean for db kernels?
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( —_— J select R.a from R

what does this mean for db kernels?

mawml [JARVARD
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( —_— J select R.a from R

what does this mean for db kernels?

dbTouch

56 38 45 2

[ J process only
what you touch

mawml [JARVARD

Stratos ldreos doTouch, CIDR 2013
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One size does Custom solutions are needed Solutions need Bootstrapping new systems is
not fit all for optimal performance to be tuned expensive and time-consuming
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easy to design

data+queries+hardware

» data system

self-designing
data systems
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adaptivity across architecture borders

/ :

\_/ » % GENOME-Synthesizer
) e Custom tuned architecture

Workload &

i |
feature list Gene poo

(reuseable modules)

(&
o Ll

Monitor & detect
workload changes

Hardware description
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so why self-designing systems”

easy/cheap/fast to design
adapt to varying environments

detect suboptimal designs
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easy to use

| am curious, smart, autonomous,
fast and | know what you want

show me something
Interesting

DATA

>

<

Queriosity

School of Engineering
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auto-tuning

plug & play
adaptive _ @&
7N
enable data
* navigation
INnteractive
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data systems today
allow us to answer queries fast

db explore

data systems tomorrow
should allow us to find fast which queries to ask
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+ statistics,
sciences, etc.

data systems
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