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O
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C
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:
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C
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� P
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:
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�

C
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w
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in
�

C
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� C
++

:
C

oncurrency
in

C
++

�

C++
has

no
concurrency

�

�

C++
:

translator/library
providing

integrated
object-oriented

concurrency

�

uses
an

M
:N

thread
m

odel(versus
1:1

N
PT

L
)

�

tw
o

new
type

constructors:

–
co

ro
u

tin
e

/
task,extensions

of
class

–
provide

stack
and

thread

�

tw
o

new
type

qualifiers:

–
m

u
tex

/
n

o
m

u
tex,qualify

type
constructors

and
routines

–
provide

m
utualexclusion

�

6
new

statem
ents:

–
su

sp
en

d
/

resu
m

e
(contextsw

itch)
–

w
ait/

sig
n

al/
sig

n
alb

lo
ck

/
accep

t(synchronization)



A
dvancing

L
inux

Itanium
4

M
U

T
U

A
L

E
X

C
L

U
SIO

N
class

c
{

p
u

b
lic:

m
()

{
}

};

m
u

tex
class

M
{

condition
variables

p
u

b
lic:

m
()

{
w

ait/sig
n

al/accep
t

}
};

STA
C

K

co
ro

u
tin

e
C

{
m

ain()
{

su
sp

en
d

}
p

u
b

lic:
m

()
{

resu
m

e
}

};

m
u

tex
co

ro
u

tin
e

C
M

{
condition

variables
m

ain()
{

su
sp

en
d

}
p

u
b

lic:
m

1()
{

resu
m

e
}

m
2()

{
w

ait/sig
n

al/accep
t

}
};

STA
C

K
/

T
H

R
E

A
D

task
T

{
condition

variables
m

ain()
{

su
sp

en
d

/w
ait/sig

n
al/accep

t
}

p
u

b
lic:

m
1()

{
resu

m
e

}
m

2()
{

w
ait/sig

n
al/accep

t
}

};
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M
O

N
IT

O
R

TA
SK

m
u

tex
class

R
eadersW

riter
{

in
t

rcnt,
w

cnt;
p

u
b

lic:
vo

id
R

eadersW
riter()

{
rcnt

=
w

cnt
=

0;
}vo

id
S

tartR
ead()

{
if

(
w

cnt
>

0
)

accep
t(

E
ndW

rite
);

rcnt
+

=
1;

}vo
id

E
ndR

ead()
{

rcnt
-=

1;
}vo

id
S

tartW
rite()

{
if

(
w

cnt
>

0
)

accep
t(

E
ndW

rite
);

else
w

h
ile

(
rcnt

>
0

)
accep

t(
E

ndR
ead

);
w

cnt
=

1;
}vo

id
E

ndW
rite()

{
w

cnt
=

0;
}

};

task
S

erver
{

condition
delay;

vo
id

m
ain()

{
fo

r
(

;;
)

{
accep

t(
~

S
erver

)
{

b
reak;

}
o

r
accep

t(
w

orkR
eq1

)
{

//process
w

ork
sig

n
alb

lo
ck

delay;
}

o
r

accep
t(

w
orkR

eq2
)

{
...

}
}//shutdow

n
}p
u

b
lic:

vo
id

w
orkR

eq1(
R

eq1
req

)
{

...
w

ait
delay;

...
}vo

id
w

orkR
eq2(

R
eq2

req
)

{
...

}
...

};
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�

real-tim
e

support

–
extensible

schedulers
(fixed,dynam

ic)

–
transitive

inheritance
protocol

–
tim

eoutfacility
accep

t(
M

1,
M

2
)

{
...

}
o

r
accep

t
(

M
3

)
{

...
}

o
r

tim
eo

u
t(

1
)

{
...

}
//after

1
second

–
real-tim

e
tasks:

p
erio

d
ic

P
{

...
};

ap
erio

d
ic

A
{

...
};

sp
o

rad
ic

S
{

...
};

�

polym
orphism

:
inheritance

and
tem

plates
w

ith
new

types

�

user-defined
grouping

of
tasks

and
virtualprocessors

(cluster)

�

advanced
concurrentexception

handling
th

ro
w

[
throw

able-event
[

at
coroutine/task-id

]
]

;
//term

ination
raise

[
resum

able-event
[

at
coroutine/task-id

]
]

;
//resum

ption
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�

object-oriented,nonblocking
I/O

for
files

and
sockets

–
classes

for
socketserver,acceptor

and
client

–
sim

plified
program

m
ing

interface

�

debug
m

ode
for

testing
(asserts

and
runtim

e
checks)

�

ports:
gcc-3.X

for
L

inux
IA

-64
(H

P/SG
I),L

inux
IA

-32/A
M

D
,

Solaris
SPA

R
C

,IR
IX

M
IPS

�

future
w

ork:

–
increase

perform
ance

–
scalability

testing
(N

U
M

A
)

–
portto

Intelcom
piler

( asm
statem

ents?)

�

http://plg.uw
aterloo.ca/˜ usystem

/uC
+

+
.htm

l
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� P
ro

fi
ler:

P
rofiling

in

� C
++

�

provides
inform

ation
aboutdynam

ic
execution

�

integrated
w

ith

�

C++
program

m
ing

m
odel

–
inform

ation
provided

per-task,per-coroutine,per-routine

–
trace

m
ultiple

concurrentevents

–
m

ore
effective,efficientand

extensible
profiling

�

design:

–
concurrentlibrary

w
ritten

in
�

C++

–
executes

w
ithin

�

C++
application

–
extensible:

user-definable

*
m

etrics
(data

gathering)

*
displays

(data
visualization)

�

uses
concurrentversion

of
X

/M
otif

for
display
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�

com
pile

w
ith

-profilerflag
�

run
application

�

choose
m

etrics:

–
statistical:

*
execution

tim
e

–
exact:

*
state

transition

*
dynam

ic
call-graph,

execution
tim

e,
hardw

are
counters

*
partial-order

tracing

*
m

em
ory

leaks

*
kernel-threads

�

press
S
t
a
r
t
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Statistical:
E

xecution
T

im
e
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E
xact:

State
T

ransition
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E
xact:

C
allG

raph
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E
xact:

P
artial-O

rder
T

racing
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E
xact:

K
ernelT

hreads
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�

ports:
L

inux
IA

-64,L
inux

IA
-32(P3)/A

M
D

,Solaris
SPA

R
C

�

future
w

ork:

–
SC

A
L

A
B

IL
IT

Y
,SC

A
L

A
B

IL
IT

Y
,SC

A
L

A
B

IL
IT

Y
,...

–
extend

statisticalm
etrics

*
achieve

95%
of

qprof/V
T

une
non-kernelfunctionality

–
extend

exactm
etrics

–
portto

IntelP4
PM

U

�

http://plg.uw
aterloo.ca/˜ usystem

/M
V

D
.htm

l
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T
hreaded

W
eb-Servers

�

use
�

C++
threads

and
non-blocking

I/O
to

build
high-perform

ance
w

eb-server

�

benefitand
com

pare
w

ith
event-driven

�

server
w

eb-server

�

threaded
w

eb-server:
disadvantages/advantages

–
inherently

slow
er

than
event-driven

–
am

enable
to

additionalprocessing
of

w
eb

data

�

tw
o

approaches:

–
thread

per
connection

–
m

ulti-threaded
pipeline
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B
aseline

C
om

parison
:

� server
/

� C
++

0

5000

10000

15000

20000

0
5000

10000
15000

20000
25000

30000

Replies/s

R
equests/s

userver accept-lim
it-25

userver accept-lim
it-1

u+
+

 accept-lim
it-25

u+
+

 accept-lim
it-1
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T
hread

/C
onnection

0

5000

10000

15000

20000

0
5000

10000
15000

20000
25000

30000

Replies/s

R
equests/s

threads =
 1

threads =
 100

threads =
 1000
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�

prelim
inary

results:

–
threaded

w
eb-server

w
ithin

10%
of

event-driven
server

–

�

C++
non-blocking

I/O
and

objectm
odelallow

s
significant

sim
plification

in
w

riting
server

(150
lines)

�

future
w

ork:

–
m

ulti-threaded
pipeline

–
im

prove
behaviour

atsaturation

–
understand

oscillations

–
larger

w
orkloads

–
dynam

ic
content

–
scalability

testing
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D
em

onstrations
A

vailable

�

see

�

C
++

and

� P
rofiler

atU
niversity

of
W

aterloo
poster
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D
ebugging

sash button

scroll slider
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