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S
y
n
c
h
r
o
n
o
u
s
w
r
ite

s
C
o
m
p
u
te

T
ra
n
sfer

W
rite

C
o
m
p
u
te

T
ra
n
sfer

W
rite

t

A
s
y
n
c
h
r
o
n
o
u
s
w
r
ite

s
C
o
m
p
u
te

T
ra
n
sfer

C
o
m
p
u
te

T
ra
n
sfer

C
o
m
p
u
te

T
ra
n
sfer

W
rite

W
rite

F
igu

re
2.5:

A
sy

n
ch

ron
ou

s
v
s.

sy
n
ch

ron
ou

s
com

m
u
n
ication

(b
asic

p
rin

cip
le)

Y
ak

D
B

im
p
lem

en
ts

asy
n
ch

ron
ou

s
w

rites
u
sin

g
th

e
Ø

M
Q

p
u
sh

/p
u
ll

m
ech

an
ism

.
W

h
ile

in
th

e
classical

req
u
est/rep

ly
m

o
d
el,

th
e

clien
t

alw
ay

s
ex

p
ects

a
resp

on
se

m
essage

from
th

e
server,

in
th

e
p
u
sh

/p
u
ll

m
o
d
e

Ø
M

Q
on

ly
m

akes
su

re
th

at
th

e
m

essage
is

p
rop

erly
d
elivered

over
th

e
n
etw

ork
.

W
h
en

u
sin

g
asy

n
ch

ron
ou

s
com

m
u
n
ication

,
it

n
eed

s
to

b
e

en
su

red
th

at
fl

ow
con

trol
is

p
rop

erly
en

ab
led

in
th

e
softw

are.
W

h
en

th
e

clien
t

con
stan

tly
com

p
u
tes

n
ew

d
atasets

to
w

rite,
th

e
com

p
u
tation

m
igh

t
b

e
faster

th
an

th
e

n
etw

ork
or

th
e

p
ro

cessin
g

of
th

e
d
ata

on
th

e
server

sid
e.

W
ith

ou
t

fl
ow

con
trol,

ex
cess

d
ata

th
at

can
’t

b
e

p
ro

cessed
in

tim
e

b
y

su
b
seq

u
en

t
algorith

m
s

w
ill

b
e

tem
p

orarily
stored

in
th

e
m

ain
m

em
ory

–
at

on
e

p
oin

t
p

oten
tially

ex
ceed

in
g

th
e

am
ou

n
t

of
m

em
ory

availab
le.

T
h
erefore,

Y
ak

D
B

u
ses

th
e

Ø
M

Q
featu

re
of

q
u
eu

e
w

aterm
ark

in
g

in
ord

er
to

stop
th

e
clien

t
from

gen
eratin

g
n
ew

d
ata

w
h
en

a
p
red

efi
n
ed

am
ou

n
t

of
d
ata

is
alread

y
p
resen

t
in

th
e

q
u
eu

es.
T

h
is

m
ech

an
ism

is
tran

sp
aren

t
to

th
e

p
rogram

m
er

as
in

case
of

overfl
ow

th
e

A
P

I
w

ill
sim

p
ly

n
ot

retu
rn

im
m

ed
iately

b
u
t

in
stead

w
ait

u
n
til

th
e

q
u
eu

e
h
as

free
sp

ace
availab

le
again

.

A
lth

ou
gh

im
p
lem

en
ted

in
m

an
y

d
atab

ase
sy

stem
s,

th
is

ap
p
roach

is
p
articu

larly
ad

-
van

tageou
s

for
m

ain
-m

em
ory

con
strain

ed
sy

stem
s

as
th

ere
are

tigh
t

lim
its

on
h
ow

m
u
ch

m
em

ory
can

b
e

con
su

m
ed

b
y

th
e

softw
are

at
an

y
given

tim
e.

L
ig

h
tw

e
ig

h
t

a
rch

ite
ctu

re

D
u
e

to
its

fo
cu

s
on

resou
rce-con

strain
ed

d
ev

ices,
Y

ak
D

B
is

b
u
ilt

as
a

ligh
tw

eigh
t

sy
stem

,
ex

h
ib

itin
g

th
e

follow
in

g
core

p
rop

erties:

•
N

o
in

stallation
req

u
ired

:
T

h
e

m
in

im
al

setu
p

con
sist

of
a

sin
gle

ex
ecu

tab
le

an
d

a
con

fi
gu

ration
fi
le

in
th

e
sam

e
d
irectory

•
C

on
fi
gu

ration
-free:

N
o

ex
p
licit

con
fi
gu

ration
req

u
ired

,
d
efau

lt
con

fi
gu

ration
en

ab
les

all
featu

res
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•
F
ast

startu
p
:

L
ess

th
an

0.1
secon

d
s

2
3

on
a

stan
d
ard

L
in

u
x

com
p
u
ter

•
A

u
tom

atic
tab

le
creation

an
d

setu
p
:

O
n
ce

a
tab

le
is

u
sed

for
th

e
fi
rst

tim
e,

it
is

au
tom

atically
op

en
ed

u
sin

g
th

e
last

tab
le

con
fi
gu

ration
or

th
e

con
fi
gu

rab
le

glob
al

d
efau

lt

•
T

in
y

co
d
eb

ase
of

less
th

an
5200

S
ou

rce
L

in
es

of
C

o
d
e

(S
L

O
C

)
2
4

p
lu

s
less

th
an

4200
S
L

O
C

P
y
th

on
in

terface
co

d
e

2
5

A
lth

ou
gh

n
ot

all
of

th
ose

p
rop

erties
are

relevan
t

for
m

ost
ap

p
lication

s,
it

is
clear

th
at

T
ran

slatron
’s

ap
p
roach

of
b
u
ild

in
g

a
ligh

tw
eigh

t
an

d
th

ereb
y

ex
ten

sib
le

is
also

refl
ected

in
Y

ak
D

B
.

T
h
ese

p
rop

erties
are

esp
ecially

u
sefu

l
w

h
en

ex
ten

d
in

g
th

e
sy

stem
.

F
or

a
d
etailed

d
iscu

ssion
,

refer
to

section
2.3.7.

T
ra

n
sp

a
re

n
t

co
m

p
re

ssio
n

A
lth

ou
gh

effi
cien

t
algorith

m
s

like
P

E
R

S
IS

T
(see

section
2.4.3)

sign
ifi

can
tly

red
u
ce

th
e

am
ou

n
t

of
storage

sp
ace

req
u
ired

for
an

y
p
articu

lar
setu

p
of

T
ran

slatron
,

th
is

red
u
ction

is
in

su
ffi

cien
t

for
m

an
y

u
se

cases.
M

ost
of

th
e

storage
sp

ace
in

a
ty

p
ical

in
stallation

of
T

ran
slatron

b
ein

g
u
sed

to
m

in
e

E
n
glish

tex
ts

is
o
ccu

p
ied

b
y

ch
u
n
k
s

of
tex

t
an

d
n
ot

b
in

ary
d
ata.

A
ccord

in
g

to
[71]

an
d

[32]
th

e
overall

en
trop

y
2
6

of
E

n
glish

tex
t

is
low

2
7.

T
h
is

is
q
u
ite

ob
v
iou

s
as

E
n
glish

h
as

a
very

lim
ited

ch
aracter

set
th

at
is

u
n
iform

ly
en

co
d
ed

u
sin

g
e.g.

an
8-b

it
A

S
C

II
en

co
d
in

g
2
8

–
th

erefore
som

e
of

th
e

eigh
t

b
its

are
eff

ectively
w

asted
.

T
h
ere

is
a

m
u
ltitu

d
e

of
com

p
ression

algorith
m

s
availab

le
th

at
can

n
ot

on
ly

u
tilize

th
e

low
en

trop
y

of
th

e
d
ata

stored
in

th
e

d
atab

ase,
b
u
t

also
recu

rrin
g

p
attern

s,
for

in
stan

ce
com

m
on

p
refi

x
es

in
a

section
of

th
e

d
atab

ase.
T

h
e

com
p
ression

u
sed

b
y

T
ran

slatron
is

tran
sp

aren
t,

m
ean

in
g

th
at

th
e

com
p
ression

is
n
ot

d
irectly

ob
served

b
y

th
e

d
evelop

er
as

th
e

d
atab

ase
is

ab
le

to
com

p
ress/d

ecom
p
ress

d
ata

on
th

e
fl
y

an
d

w
ith

ou
t

m
an

u
al

in
teraction

,
th

u
s

red
u
cin

g
th

e
total

am
ou

n
t

of
d
isk

sp
ace

o
ccu

p
ied

b
y

th
e

T
ran

slatron
d
atab

ase
w

ith
ou

t
loss

of
in

form
ation

.
A

lth
ou

gh
th

e
com

p
ression

h
as

a
p

oten
tially

n
egative

im
p
act

on
p

erform
an

ce
esp

ecially
for

ran
d
om

-access-h
eav

y
w

ork
load

s
(as

in
th

e
w

orst
case,

an
y

sin
gle

access
m

igh
t

req
u
ire

2
3M

ax
im

u
m

of
25

ru
n
s

w
h
ere

a
stop

req
u
est

w
as

sen
t

to
th

e
server

im
m

ed
iately

after
startu

p
.

2
4Y

ak
D

B
stan

d
alon

e
server

sou
rce

lin
es

of
co

d
e,

m
easu

red
u
sin

g
slo

ccou
n
t

2.26.
2

5In
clu

d
es

in
verted

in
d
ex

an
d

grap
h

im
p
lem

en
tation

s,
m

easu
red

u
sin

g
slo

ccou
n
t

2.26.
2

6In
form

ation
con

ten
t

in
th

e
con

tex
t

of
com

p
u
ter

scien
ce.

2
7A

s
th

e
ex

act
en

trop
y

d
ep

en
d
s

on
th

e
corp

u
s

in
u
se

an
d

p
oten

tially
oth

er
p
aram

eters,
th

is
d
iscu

ssion
u
ses

p
u
rely

com
p
arative

term
s

in
stead

of
q
u
an

titative
valu

es.
“low

”
is

d
efi

n
ed

as
en

trop
y

w
h
ere

less
th

an
80%

of
th

e
sp

ace
o
ccu

p
ied

b
y

a
sy

m
b

ol
is

u
sed

for
en

co
d
in

g
in

form
ation

.
2

8F
or

sim
p
licity

reason
s,

th
e

d
iscu

ssion
of

variab
le-w

id
th

en
co

d
in

g
m

eth
o
d
s

like
U

T
F

-8
in

clu
d
in

g
su

p
-

p
ort

for
foreign

lan
gu

age
ch

aracters
is

avoid
ed

h
ere.
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a
fu

ll
b
lo

ck
of

com
p
ressed

d
ata

to
b

e
d
ecom

p
ressed

),
T

ran
slatron

featu
res

selectab
le

com
-

p
ression

algorith
m

s
reach

in
g

from
h
igh

-com
p
ression

low
-sp

eed
algorith

m
s

like
b
zip

2
to

real-tim
e

algorith
m

s
th

at
can

on
ly

save
a

sm
all

am
ou

n
t

of
d
isk

sp
ace.

A
t

th
e

tim
e

of
w

ritin
g

th
is

th
esis,

th
e

follow
in

g
com

p
ression

algorith
m

s
are

su
p
p

orted
(see

[23]):

•
N

o
com

p
ression

•
b
zip

2

•
D

efl
ate

•
S
n
ap

p
y

•
L

Z
4

•
L

Z
4H

C

F
or

h
eav

ily
sp

ace-con
strain

ed
d
ev

ices
it

is
also

p
ossib

le
to

ex
ten

d
R

o
ck

sD
B

to
su

p
p

ort
oth

er
algorith

m
s:

If
sp

ace
is

m
ore

valu
ab

le
th

an
com

p
u
tin

g
tim

e,
algorith

m
s

like
L

Z
M

A
or

P
A

Q
(see

[58])
cou

ld
b

e
u
sed

th
at

h
eav

ily
com

p
ress

th
e

d
ata

an
d

th
erefore

save
a

sign
ifi

can
t

am
ou

n
t

of
sp

ace
w

h
en

com
p
ared

w
ith

faster
algorith

m
s.

In
p
rin

cip
le,

it
is

also
p

ossib
le

to
im

p
lem

en
t

com
p
ression

on
a

d
ed

icated
h
ard

w
are

p
latform

to
facilitate

fast
d
ata

p
ro

cessin
g

even
on

low
-en

d
d
ev

ices.
H

ow
ever,

th
is

ap
p
roach

gen
erally

req
u
ires

a
sign

ifi
can

t
eff

ort
an

d
is

com
m

on
ly

n
ot

cost-eff
ective

w
h
en

com
p
ared

to
a

solu
tion

w
h
ere

m
ore

p
ow

erfu
l

h
ard

w
are

like
a

n
oteb

o
ok

is
u
sed

.
F
or

tex
t

m
in

in
g

sy
stem

s,
asy

m
m

etrical
com

p
ression

algorith
m

s
are

p
articu

larly
su

it-
ab

le.
T

h
ese

m
eth

o
d
s

u
se

m
ore

com
p
u
tin

g
tim

e
for

com
p
ression

th
an

for
d
ecom

p
ression

an
d

th
erefore

are
esp

ecially
su

ited
for

ap
p
lication

s
w

h
ere

d
ata

is
rarely

w
ritten

b
u
t

fre-
q
u
en

tly
read

.

2
.3

.4
C

lu
ste

re
d

a
rch

ite
ctu

re

C
lu

ste
rin

g
in

E
x

ce
rb

t

T
h
e

old
version

of
E

x
cerb

t,
as

p
u
b
lish

ed
in

[27],
u
sed

on
ly

a
sin

gle
server

w
ith

ex
p

en
sive

an
d

sm
all

2
9,

yet
fast

h
ard

d
rives

([78,
section

4.2.1]).

“T
hese

are
very

expen
sive

disks
(com

pared
to

regu
lar

com
m

odity
disks,

su
ch

as
S
A

T
A

)
an

d
on

ly
available

in
lim

ited
storage

capacities
becau

se
of

an
expo-

n
en

tial
proportion

of
storage

vs.
price.”

([78,
section

4.1])

2
91176

G
iB

in
total,

d
istrib

u
ted

over
eigh

t
h
ard

d
rives.


