
M
an

ag
in

g
T

C
P

C
o

n
n

ectio
n

s
U

n
d

er
P

ersisten
t

H
T

T
P

E
dith

C
ohen

H
aim

K
aplan

Jeffrey
D

.O
ldham

AT
&

T
Labs—

R
esearch

S
tanford

U
niversity

edith,hkl
@

research.att.com
oldham

@
cs.stanford.edu

13
M

ay
1999



A
n

E
xam

p
le

o
f

P
ersisten

t
H

T
T

P
C

o
n

n
ectio

n
s

T
C

P
and

P
ersistentH

T
T

P
1



2



3



4



P
ersisten

t
H

T
T

P
A

dvan
tag

es
an

d
D

isadvan
tag

es

A
dvan

tag
es

fo
r

U
ser:

f aster
response

tim
e

few
er

T
C

P
handshakes

can
pipeline

m
ultiple

requests
T

C
P

can
better

determ
ine

netw
ork

congestion

A
dvan

tag
es

fo
r

S
erver:

less
com

putation

less
C

P
U

tim
e

opening
and

closing
T

C
P

connections
few

er
sim

ultaneous
T

C
P

controlblocks

D
isadvan

tag
es

fo
r

S
erver:

m
ore

idle
open

T
C

P
connections

T
C

P
connections

require
m

em
ory

m
any

idle
connections

slow
servers

[B
anga, D

ruschel,M
ogul1999]

5



T
C

P
and

P
ersistentH

T
T

P
6



H
o

ld
in

g
T

im
e

M
o

d
el

W
hatis

a
good

choice
ofholding

tim
es?

T
C

P
and

P
ersistentH

T
T

P
7



U
tility

M
o

d
el

G
oal:

M
axim

ize
server’s

utility.

T
C

P
and

P
ersistentH

T
T

P
8



U
tility

E
q

u
atio

n

utility
revenue

cost

revenue
hits

$
open-hits

$

cost
hits

open-hits
T

C
P

setup
$

idle-tim
e

$

C
o

nversio
n

R
ates

$
value

ofH
T

T
P

request

$
value

ofH
T

T
P

requestto
open

connection

$
costofestablishing

T
C

P
connection

$
costofidle

connection

T
C

P
and

P
ersistentH

T
T

P
9



utility
open-hits

idle-tim
e

10



U
tility

E
q

u
atio

n

W
hich

term
s

depend
on

holding
tim

e
function?

utility
revenue

cost

revenue
hits

$
open-hits

$

cost
hits

open-hits
T

C
P

setup
$

idle-tim
e

$

equivalentto

utility
open-hits

idle-tim
e

T
C

P
and

P
ersistentH

T
T

P
11



U
tility

M
o

d
el

G
oal:

M
axim

ize
server’s

utility.

T
C

P
and

P
ersistentH

T
T

P
12



T
C

P
and

P
ersistentH

T
T

P
13



B
asin

g
H

o
ld

in
g

T
im

es
o

n
H

T
T

P
R

eq
u

est
A

ttribu
tes

C
u

rren
t

P
ag

e
h

as
E

m
b

ed
d

ed
Im

a g
es

probable
requestw

ithin
few

seconds
shortholding

tim
e

C
lien

t
P

red
ictab

ility:

requeststock
m

arketinform
ation

ever y
15

m
inutes

requestToronto
w

eather
inform

ation

T
C

P
and

P
ersistentH

T
T

P
14



Typ
es

o
f

A
ttribu

te-B
ased

F
u

n
ctio

n
s

R
elevan

t
P

aram
eters

R
E

S
O

U
R

C
E

:
use

currentU
R

L
R

E
F

E
R

R
E

R
:

use
source

for
currentU

R
L’s

address
C

L
IE

N
T

:
use

currentclient
F

U
T

U
R

E
:

use
know

ledge
offuture

requests

O
P

T
:

uses
F

U
T

U
R

E
closes

connection
ifidle

tim
e

m
ore

costly
than

nextopen-hit
bestpossible

function
unim

plem
entable

F
IX

E
D

:
ignores

allparam
eters

every
holding

tim
e

equals
seconds

sim
ple

to
im

plem
ent

H
T

T
P

/1.1
suggests

this
function

A
pache

v.1.3
uses

15
seconds

T
C

P
and

P
ersistentH

T
T

P
15



C
o

m
p

u
tin

g
M

o
st

B
en

efi
cialR

E
S

O
U

R
C

E

utility
open-hits

idle-tim
e

S
erver

lo
g

s:
future

requests
m

ay
reflectpastrequests

C
o

m
p

u
te

u
tility:

for
each

resource

H
o

ld
in

g
tim

e:
choose

tim
e

w
ith

g reatestutility

T
C

P
and

P
ersistentH

T
T

P
16



T
C

P
and

P
ersistentH

T
T

P
17



P
red

ictin
g

U
sin

g
R

E
S

O
U

R
C

E

T
C

P
and

P
ersistentH

T
T

P
18



utility
connection

open-hits
connection

idle-tim
e

connection

19



E
xp

erim
en

talM
eth

o
d

T
C

P
and

P
ersistentH

T
T

P
20



C
o

m
p

arin
g

R
E

S
O

U
R

C
E

,R
E

F
E

R
R

E
R

,R
E

S
-R

E
F

T
C

P
and

P
ersistentH

T
T

P
21



P
red

ictin
g

U
sin

g
C

L
IE

N
T

T
C

P
and

P
ersistentH

T
T

P
22



R
E

S
O

U
R

C
E

R
eliab

le
A

ttribu
te

T
C

P
and

P
ersistentH

T
T

P
23



T
C

P
and

P
ersistentH

T
T

P
24



C
o

n
clu

sio
n

s

U
se

talk
outline

slide.
Introduced

m
odelfor

evaluating
persistentH

T
T

P
connections.

P
resented

technique
to

produce
beneficialholding

tim
e

functions.

E
xperim

entally
show

ed
our

holding
tim

e
functions

beneficial.

–
reduce

idle
connection

tim
e

up
to

50%

E
xperim

entally
evaluated

relevance
ofattributes

to
holding

tim
es.

T
C

P
and

P
ersistentH

T
T

P
25



F
u

tu
re

W
o

rk

are
conversion

rates
constant?

holding
tim

es’effects
on

num
ber

ofhits?

effects
ofclients’closing

connections?

connection
m

anagem
entfunctions

for
proxies

T
C

P
and

P
ersistentH

T
T

P
26


