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This Technical Report contains the first four pages of papers written by members of the St<anford Database
Group during 1994. We believe that the first four pages convey the main ideas behind each paper better
than a simple title and abstract does.

Readers interested
as follows:

in a full paper can fetch an electronic copy via FTP over the Internet. The procedure is

(1) Call FTP by issuing the command f tp db . stanf ord. edu

(2) At the prompt for user name type anonymous

r (3) At the prompt for password, type in your full name

(4) Go to the appropriate directory by tY Pi% cd  d i r ec to ry -name . The directory name is listed in the
box on top of page 1 of each paper. (For example, for the first paper, type c d  /pub/adelberg/l994.)

(5) Get the file you want by typing get file-name. The file name is the last component of the file name
given in the box on page 1 of each paper. (For example, for the first paper, type g e t  p r i o r i t y 1  .ps.)

(6) Quit  FTP by typing quit .

(7) In your current directory you now have a copy of the paper. To print it, send the file to a postscript
printer. (For example, in UNIX, type l p r  p r i o r i t y 1  .ps.)

We thank YOU for your
cations in this fashion.

interest in our work, and hope that you find it useful to browse through our publi-

Sincerely,

The Members  of the Stanford Database Group
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Th

is
 w

ay
, 

av
ai

la
bi

lit
y 

is
 h

ig
h

if
 a

 s
er

ve
r 

go
es

 d
ow

n,
 d

oc
um

en
ts

ca
n 

be
 r

er
ou

te
d 

to
 a

ny
 o

th
er

 s
er

ve
r. 

H
ow

ev
er

, 
th

e 
nu

m
be

r 
of

 p
ro

fi
le

s 
is

 h
ig

h 
at

 e
ac

h 
se

rv
er

, 
an

d

th
e 

co
st

 o
f 

up
da

tin
g 

a 
pr

of
ile

 i
s 

hi
gh

 a
ls

o.

N
et

ne
w

s 
se

rv
er

 i
n 

tw
o 

ne
w

sg
ro

up
s;

 w
ith

in
 t

en
 d

ay
s 

of
 t

he
 a

nn
ou

nc
em

en
t, 

w
e 

re
ce

iv
ed

 w
el

l 
ov

er
 a

th
ou

sa
nd

 p
ro

fi
le

s,
 s

ub
m

itt
ed

 b
y 

us
er

s 
fr

om
 a

lm
os

t 
ev

er
y 

co
nt

in
en

t. 
Th

e 
nu

m
be

r 
of

 p
ro

fi
le

s 
ke

ep
s

in
cr

ea
si

ng
 e

ve
r 

si
nc

e 
an

d 
ha

s 
no

w
 e

xc
ee

de
d 

tw
o 

th
ou

sa
nd

. 
C

le
ar

ly
, 

a 
ce

nt
ra

liz
ed

 s
er

ve
r 

do
es

 n
ot

sc
al

e 
w

ith
 t

he
 n

um
be

r 
of

 u
se

rs
 (

or
 p

ro
fil

es
) 

an
d 

pr
ov

id
es

 l
ow

 a
va

ila
bi

lit
y.

 W
e 

in
te

nd
 t

o 
di

st
ri

bu
te

th
e 

se
rv

ic
e,

 a
nd

 t
hi

s 
m

ot
iv

at
es

 t
he

 w
or

k 
re

po
rt

ed
 i

n 
th

is
 p

ap
er

. 
W

e 
al

so
 m

ak
e 

us
e 

of
 r

ea
l 

st
at

is
tic

s

co
lle

ct
ed

 f
ro

m
 t

he
 r

un
ni

ng
 N

et
ne

w
s

 s
er

ve
r 

to
 d

et
er

m
in

e 
th

e 
va

lu
es

 o
f 

pa
ra

m
et

er
s 

in
 t

he
 p

er
fo

rm
an

ce

ev
al

ua
tio

n 
m

od
el

 i
n 

th
is

 p
ap

er
.

Th
er

e 
ar

e 
in

te
rm

ed
ia

te
 s

ol
ut

io
ns

 i
n 

be
tw

ee
n 

th
es

e 
tw

o.
 I

f 
w

e 
de

no
te

 t
he

 s
et

 o
f 

se
rv

er
s 

th
at

 a

pr
of

ile
 z

 i
s 

po
st

ed
 a

t 
by

 P
,, 

an
d 

th
e 

se
t 

of
 s

er
ve

rs
 t

ha
t 

a 
do

cu
m

en
t 

y 
is

 s
en

t 
to

 b
y 

D
,, 

th
en

 t
o 

en
su

re
2 

Q
u

or
u

m
s 

fo
r 

D
is

tr
ib

u
te

d
 

SD
1

th
at

 a
 p

ro
fi

le
 d

oe
s 

no
t 

m
is

s 
a 

do
cu

m
en

t, 
w

e 
m

us
t 

gu
ar

an
te

e 
th

at
 P

, 
in

te
rs

ec
ts

 D
, 

fo
r 

ev
er

y 
z 

an
d

y.
 T

hi
s 

pa
ra

lle
ls

 t
he

 i
de

a 
of

 q
uo

ru
m

 c
on

se
ns

us
 i

n 
re

pl
ic

at
ed

 d
at

a 
m

an
ag

em
en

t. 
In

 t
hi

s 
pa

pe
r, 

w
e

fo
rm

al
iz

e 
th

e 
co

rr
es

po
nd

en
ce

 a
nd

, 
gi

ve
n 

th
e 

op
tio

ns
 f

or
 r

ep
lic

at
io

n 
an

d 
di

st
ri

bu
tio

n,
 w

e 
st

ud
y 

th
e

tr
ad

eo
ff

 b
et

w
ee

n 
co

m
m

un
ic

at
io

n 
co

st
s,

 d
oc

um
en

t 
de

liv
er

y 
tim

es
, 

re
lia

bi
lit

y,
 a

nd
 o

th
er

 p
ar

am
et

er
s.

R
ep

lic
a 

co
nt

ro
l 

is
 a

 w
el

l-s
tu

di
ed

 p
ro

bl
em

. 
Su

pp
os

e 
a 

da
ta

 i
te

m
 z

 h
as

 a
 n

um
be

r 
of

 c
op

ie
s.

 I
f 

w
e

ex
ec

ut
e 

a 
re

ad
 (

w
ri

te
) 

op
er

at
io

n 
on

 z
 b

y 
ac

ce
ss

in
g 

co
pi

es
 t

ha
t 

m
ak

e 
up

 a
 r

ea
d 

(w
ri

te
) 

qu
or

um
,

th
en

 t
o 

gu
ar

an
te

e 
on

e-
co

py
 e

qu
iv

al
en

ce
, 

w
e 

m
us

t 
en

fo
rc

e 
th

e 
fo

llo
w

in
g 

[2
]:

O
nc

e 
a 

do
cu

m
en

t 
is

 m
at

ch
ed

 t
o 

a 
se

t 
of

 p
ro

fi
le

s 
at

 a
n 

SD
1 

se
rv

er
, t

he
re

 i
s 

th
e 

ad
di

tio
na

l 
pr

ob
le

m

of
 s

en
di

ng
 t

he
 d

oc
um

en
t 

to
 t

he
 u

se
rs

 t
ha

t 
po

st
ed

 t
he

 p
ro

fi
le

s.
 I

n 
ge

ne
ra

l, 
th

er
e 

co
ul

d 
be

 a
 v

er
y

la
rg

e 
nu

m
be

r 
of

 u
se

rs
 t

ha
t 

ne
ed

 t
o 

re
ce

iv
e 

th
e 

do
cu

m
en

t. 
W

ith
ou

t 
ef

fi
ci

en
t 

do
cu

m
en

t 
di

st
ri

bu
tio

n

m
ec

ha
ni

sm
s,

 m
uc

h 
w

id
e-

ar
ea

 n
et

w
or

k 
(W

A
N

) 
tr

af
fi

c 
w

ou
ld

 b
e 

ge
ne

ra
te

d.
 (

Th
e 

pr
ob

le
m

 i
s 

re
la

te
d

to
 m

es
sa

ge
 b

ro
ad

ca
st

, 
e.

g.
, 

[4
].)

 T
o 

ill
us

tr
at

e,
 s

ay
 w

e 
ha

ve
 a

 c
ol

le
ct

io
n 

of
 u

se
rs

 a
t 

an
 i

ns
tit

ut
io

n 
th

at

ha
ve

 p
os

te
d 

pr
of

ile
s.

 A
 s

tr
ai

gh
tf

or
w

ar
d 

st
ra

te
gy

 f
or

 a
n 

SD
1 

se
rv

er
 i

s 
to

 s
en

d 
m

at
ch

in
g 

do
cu

m
en

ts

di
re

ct
ly

 t
o 

us
er

s 
(a

s 
Si

 d
oe

s 
in

 F
ig

ur
e 

1)
. 

Th
e 

di
sa

dv
an

ta
ge

 o
f 

th
is

 a
pp

ro
ac

h 
is

 t
ha

t 
if

 a
 g

iv
en

do
cu

m
en

t 
ha

pp
en

s 
to

 b
e 

of
 i

nt
er

es
t 

to
 m

an
y 

us
er

s 
at

 t
he

 i
ns

tit
ut

io
n,

 m
an

y 
co

pi
es

 w
ill

 b
e 

se
nt

 o
ve

r

th
e 

W
A

N
. 

A
n 

im
pr

ov
em

en
t 

m
ay

 b
e 

to
 h

av
e 

a 
lo

ca
l 

di
st

ri
bu

ti
on

 s
it

e 
at

 t
he

 i
ns

tit
ut

io
n.

 N
ow

, 
if

a 
se

rv
er

 (
e.

g.
, 

S
,

in
 F

ig
ur

e 
1)

 d
is

co
ve

rs
 t

ha
t 

th
er

e 
is

 a
 d

oc
um

en
t 

th
at

 m
at

ch
es

 a
ny

 p
ro

fil
e 

fr
om

l
 

W
ri

te
-w

ri
te

 I
n

te
rs

ec
ti

on
 P

ro
pe

rt
y:

 T
w

o 
w

ri
te

 q
uo

ru
m

s 
W

 a
nd

 U
 m

us
t h

av
e 

a 
no

n-
em

pt
y

in
te

rs
ec

tio
n:

 W
 f

l 
U

 #
 0

.

l
 

R
ea

d-
w

ri
te

 I
n

te
rs

ec
ti

on
 P

ro
pe

rt
y:

 A
 w

ri
te

 q
uo

ru
m

 W
 a

nd
 a

 r
ea

d 
qu

or
um

 R
 m

us
t 

ha
ve

a 
no

n-
em

pt
y 

in
te

rs
ec

tio
n:

 W
 I

I 
R

 #
 0

.

In
 d

is
tr

ib
ut

ed
 S

D
I, 

w
e 

ha
ve

 m
ul

tip
le

 s
er

ve
rs

 a
va

ila
bl

e.
 A

 d
oc

um
en

t 
m

ay
 b

e 
se

nt
 t

o 
m

or
e 

th
an

on
e 

se
rv

er
s,

 a
nd

 a
 p

ro
fil

e 
m

ay
 b

e 
po

st
ed

 a
t 

m
or

e 
th

an
 o

ne
 s

er
ve

rs
. I

f 
w

e 
ca

ll 
th

e 
se

t 
of

 s
er

ve
rs

 t
ha

t

a 
do

cu
m

en
t 

is
 s

en
t 

to
 a

 d
oc

um
en

t 
qu

or
um

, a
nd

 t
he

 s
et

 o
f 

se
rv

er
s 

th
at

 a
 p

ro
fi

le
 i

s 
po

st
ed

 a
t 

a 
pr

of
ile

qu
or

um
, 

th
en

 t
o 

gu
ar

an
te

e 
th

at
 a

 p
ro

fi
le

 d
oe

s 
no

t 
m

is
s 

a 
do

cu
m

en
t, 

th
e 

fo
llo

w
in

g 
m

us
t 

be
 s

at
is

fi
ed

:

l
 

P
ro

fi
le

-d
oc

u
m

en
t 

In
te

rs
ec

tio
n 

Pr
op

er
ty

: 
A

 p
ro

fil
e 

qu
or

um
 P

 a
nd

 a
 d

oc
um

en
t 

qu
or

um

th
at

 i
ns

tit
ut

io
n,

 o
nl

y 
on

e 
co

py
 n

ee
ds

 t
o 

be
 s

en
t 

to
 t

he
 d

is
tr

ib
ut

io
n 

si
te

, 
w

hi
ch

 t
h

en
 d

is
tr

ib
ut

es

th
e 

do
cu

m
en

t 
to

 t
he

 r
el

ev
an

t 
us

er
(s

) 
lo

ca
lly

. 
W

e 
ca

ll 
th

is
 i

de
a 

of
 v

ie
w

in
g 

a 
gr

ou
p 

of
 p

ro
fi

le
s 

as
 a

si
ng

le
 d

el
iv

er
y 

un
it 

pr
of

le
 g

ro
up

in
g.

 O
ur

 a
ss

um
pt

io
n 

he
re

 i
s 

th
at

 t
he

 l
oc

al
 d

is
tr

ib
ut

io
n 

ca
n 

be
 d

on
e

w
ith

ou
t 

go
in

g 
th

ro
ug

h 
th

e 
W

A
N

. 
Th

is
 w

ay
, 

W
A

N
 c

on
ge

st
io

n 
is

 r
ed

uc
ed

, 
po

ss
ib

ly
 r

es
ul

tin
g 

in
 f

as
te

r

D
 m

us
t 

ha
ve

 a
 n

on
-e

m
pt

y 
in

te
rs

ec
tio

n:
 P

 f
l 

D
 #

 0
.

A
s 

w
e 

ca
n 

se
e,

 t
h

e 
pr

ob
le

m
 i

s 
an

al
og

ou
s 

to
 r

ep
lic

a 
co

nt
ro

l. 
In

 t
he

 r
es

t 
of

 t
hi

s 
se

ct
io

n 
w

e 
br

ie
fl

y

lis
t 

th
e 

m
ai

n 
qu

or
um

-b
as

ed
 r

ep
lic

a 
co

nt
ro

l 
pr

ot
oc

ol
s 

an
d 

sh
ow

 h
ow

 t
o 

ad
ap

t 
th

em
 f

or
 S

D
I.

do
cu

m
en

t 
de

liv
er

y.
 O

n 
th

e 
ot

he
r 

ha
nd

, 
it 

m
ak

es
 t

he
 d

el
iv

er
y 

m
ec

ha
ni

sm
 a

 b
it 

m
or

e 
co

m
pl

ex
. 

In
2.

1 
M

aj
or

it
y 

C
on

se
n

su
s 

P
ro

to
co

l
th

is
 p

ap
er

 w
e 

in
ve

st
ig

at
e 

w
he

th
er

 p
ro

fi
le

 g
ro

up
in

g 
pr

ov
id

es
 s

uf
fi

ci
en

t 
sa

vi
ng

s 
to

 b
e 

w
or

th
w

hi
le

.

In
ci

de
nt

al
ly

, 
w

e 
ha

ve
 i

m
pl

em
en

te
d 

at
 S

ta
nf

or
d 

tw
o 

SD
1 

se
rv

er
s,

 o
ne

 f
or

 d
is

se
m

in
at

in
g 

N
et

ne
w

s

ar
ti

cl
es

 a
nd

 t
he

 o
th

er
 f

or
 C

om
pu

te
r 

Sc
ie

nc
e 

T
ec

hn
ic

al
 R

ep
or

ts
. 

’ 
R

ec
en

tl
y,

 w
e 

pu
bl

ic
iz

ed
 t

he

‘T
h

e 
re

ad
er

 i
s 

en
co

u
ra

ge
d

 t
o 

tr
y 

ou
t 

th
e 

se
rv

ic
es

.
Fo

r 
W

or
ld

-W
id

e 
W

eb
 a

cc
es

s,
 p

le
as

e 
co

n
n

ec
t 

to
.

M
aj

or
ity

 c
on

se
ns

us
 i

s 
pr

op
os

ed
 b

y 
Th

om
as

 [
21

]. 
In

 t
he

 d
is

tr
ib

ut
ed

 S
D

I 
sc

en
ar

io
, 

su
pp

os
e 

w
e 

ha
ve

n 
SD

1 
se

rv
er

s.
 A

 d
oc

um
en

t 
is

 s
en

t 
to

 a
 d

oc
um

en
t 

qu
or

um
 f

or
m

ed
 b

y 
d 

(a
rb

itr
ar

y)
 s

er
ve

rs
A

 p
ro

fil
e

h
tt

p
://

~
oo

d
st

oc
k

.s
ta

n
fo

rd
.e

d
u

:2
00

0.
 F

or
 e

m
ai

l 
ac

ce
ss

,
se

nd
 a

n 
el

ec
tr

on
ic

 m
es

sa
ge

 t
o 

ne
tn

ar
sQ

db
 S

ta
nf

or
d.

 e
du

or
 a

li
bQ

db
.s

ta
nf

or
d.

ed
u,

 w
ith

 t
he

 w
or

d 
“h

el
p”

 i
n 

th
e 

bo
dy

.
1
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I

FI
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:
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ub
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an
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99
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op
en

od
b-

tm
.:p

s
CO

HI
WE

NT
:

A
pp

ea
re

d 
in

 
V

LD
B

 
'9

4 
Pr

oc
ee

di
ng

s

In
te

gr
at

in
g 

a 
St

ru
ct

ur
ed

-T
ex

t 
R

et
rie

va
l 

Sy
st

em
 w

ith
an

 O
bj

ec
t-O

rie
nt

ed
 D

at
ab

as
e 

Sy
st

em

T
ak

 W
. 

Y
an

Ju
rg

en
 

A
nn

ev
el

in
k

D
ep

ar
tm

en
t 

of
 

Co
m

pu
te

r 
Sc

ie
nc

e
H

ew
le

tt
-P

ac
ka

rd
 

L
ab

or
at

or
ie

s
S

ta
nf

or
d 

U
ni

ve
rs

it
y

15
01

 P
ag

e 
M

ill
 R

oa
d

S
ta

nf
or

d,
 C

A
 9

43
05

P
al

o 
A

lt
o,

 C
A

 9
43

04

sy
st

em
. 

Th
e 

ob
je

ct
-o

ri
en

te
d 

da
ta

ba
se

 s
ys

te
m

 t
re

at
s 

th
e 

te
xt

 r
et

ri
ev

al
 s

ys
te

m
 a

s 
an

 e
xt

er
na

l 
in

-
fo

rm
at

io
n 

so
ur

ce
. 

It
 c

om
m

un
ic

at
es

 w
ith

 t
he

 t
ex

t 
re

tr
ie

va
l 

sy
st

em
 t

hr
ou

gh
 t

he
 l

at
te

r’s
 a

pp
lic

at
io

n

pr
og

ra
m

m
in

g 
in

te
rf

ac
e,

 s
ub

m
itt

in
g 

qu
er

ie
s 

an
d 

re
ce

iv
in

g 
an

sw
er

s.
 T

he
 i

nt
er

fa
ce

 i
s 

en
ca

ps
ul

at
ed

 b
y

th
e 

so
-c

al
le

d 
ex

te
rn

al
 f

un
ct

io
n 

ca
pa

bi
lit

y 
of

 t
he

 o
bj

ec
t-o

ri
en

te
d 

sy
st

em
, a

nd
 t

he
 u

nd
er

ly
in

g 
pr

oc
es

s-
in

g 
is

 t
ra

ns
pa

re
nt

 t
o 

th
e 

us
er

; 
i.e

., 
th

e 
us

er
 i

s 
un

aw
ar

e 
th

at
 t

he
 t

ex
t 

re
tr

ie
va

l 
sy

st
em

 i
s 

an
 e

xt
er

na
l

so
ur

ce
.

Su
ch

 in
te

gr
at

io
n 

se
am

le
ss

ly
 c

om
bi

ne
s 

th
e 

be
st

 o
f b

ot
h 

w
or

ld
s 

- 
th

e 
ef

fi
ci

en
t a

nd
 e

ff
ec

tiv
e 

in
de

xi
ng

an
d 

re
tr

ie
va

l 
of

 s
tr

uc
tu

re
d 

do
cu

m
en

ts
 p

er
fo

rm
ed

 b
y 

th
e 

te
xt

 r
et

ri
ev

al
 s

ys
te

m
, a

nd
 t

he
 r

ic
h 

m
od

el
in

g
an

d 
ge

ne
ra

l-p
ur

po
se

 q
ue

ry
in

g 
ca

pa
bi

lit
ie

s 
su

pp
or

te
d 

by
 t

he
 d

at
ab

as
e 

sy
st

em
 -

 r
es

ul
tin

g 
in

 a
n

in
te

gr
at

ed
 s

ys
te

m
 w

ith
 q

ue
ry

in
g 

po
w

er
 b

ey
on

d 
th

os
e 

of
 t

he
 u

nd
er

ly
in

g 
sy

st
em

s.
 T

he
 i

nt
eg

ra
te

d
sy

st
em

 a
ls

o 
pr

ov
id

es
 u

ni
fo

rm
 a

cc
es

s,
i.e

., 
th

e 
ab

ili
ty
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