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Python [0
1. import zmq
2.
3. ¢ =zmg.Context()
4. s =c.socket(zmq.REP)
5. #s.bind(‘tcp://127.0.0.1:10001")
6. s.bind( ‘ipc://tmp/zmq' )
7.
8. while True:



0. msg = s.recv_pyobj()
10. s.send_pyobj(msg)

11. s.close()

client
Python OO

1. import zmq

¢ = zmq.Context()

s = c.socket(zmg.REQ)
#s.connect('tcp://127.0.0.1:10001")
s.connect( 'ipc:/Itmp/zmq’ )
s.send_pyobj( ‘hello’ )

msg = s.recv_pyobj()
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print  msg
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Python [0
1. import itertools
2. import sys
3. import time
4.
5. import zmq
6.
7. def main():
8. if len (sys.argv) !=2:
9. print ‘'usage: publisher <bind-to>'
10. sys.exit (1)
11.
12. bind_to = sys.argv[1]
13.
14. all_topics = 'sports.general’ , 'sports.football’ , 'sports.basketbal
Il 1
15. 'stocks.general’ , 'stocks.GOOG' , 'stocks.AAPL' ,
16. ‘weather' ]
17.

18. ctx = zmq.Context()
19. S = ctx.socket(zmq.PUB)



20. s.bind(bind_to)

21.

22. print "Starting broadcast on topics:"

23. print " %s" % all_topics

24. print "Hit Ctrl-C to stop broadcasting."

25. print "Waiting so subscriber sockets can connect..."
26. print

27. time.sleep(1.0)

28.

29. msg_counter = itertools.count()

30. try

31. for topic in itertools.cycle(all_topics):
32. msg_body = str(msg_counter.next())

33. print " Topic: %s, msg:%s' % (topic, msg_body)
34. #s.send_multipart([topic, msg_body])
35. s.send_pyobj([topic, msg_body])

36. # short wait so we don't hog the cpu
37. time.sleep(0.1)

38. except Keyboardinterrupt:

39. pass

40.

41. print "Waiting for message queues to flush..."

42. time.sleep(0.5)

43. s.close()
44. print "Done."
45.
46. if _ _name_ == " _main__"
47. main()
000 (sub):
Python [0

1. import sys

2. import time

3. import zmq

4.

5. def main():

6. if len (sys.argv) < 2:

7. print 'usage: subscriber <connect_to> [topic topic ...]'
8. sys.exit (1)

9.

10. connect_to = sys.argv[1]

11. topics = sys.argv|[2:]

=
.



13. ctx = zmg.Context()
14. S = ctx.socket(zmq.SUB)

15. s.connect(connect_to)
16.
17. # manage subscriptions
18. if not topics:
19. print "Receiving messages on ALL topics..."
20. s.setsockopt(zmq.SUBSCRIBE, ")
21. else :
22. print "Receiving messages on topics: %s ..." % topics
23. for t in topics:
24. s.setsockopt(zmg.SUBSCRIBE,t)
25. print
26. try
27. while  True:
28. #topic, msg = s.recv_multipart()
29. topic, msg = s.recv_pyobj()
30. print " Topic: %s, msg:%s' % (topic, msQ)
31. except Keyboardinterrupt:
32. pass
33. print "Done."
34.
35. if __name_ == " main__"
36. main()
OO O
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8. sender = context.socket(zmg.PUSH)

9. sender.bind( "tcp://*:5557" )

10.

11. print "Press Enter when the workers are ready: "

12. _ =raw_input()

13. print "Sending tasks to workers..."

14.

15. # The first message is "0" and signals start of batch

16. sender.send( ‘0" )

17.

18. # Initialize random number generator

19. random.seed()

20.

21. # Send 100 tasks

22. total msec=0

23. for task nbr in range(100):

24. # Random workload from 1 to 100 msecs

25. workload = random.randint(1, 100)

26. total_msec += workload

27. sender.send(str(workload))

28. print “Total expected cost: %s msec"
HREREREEN
Python 0O

1. import sys

2. import time

3. import zmgq

4.

5. context = zmg.Context()

6.

7. # Socket to receive messages on

8.  receiver = context.socket(zmq.PULL)

9. receiver.connect( “tcp://localhost:5557"

10.

11. # Socket to send messages to

12. sender = context.socket(zmqg.PUSH)

13. sender.connect( "tcp://localhost:5558"

14.

15. # Process tasks forever

16. while True:

17. s = receiver.recv()

18.

19. # Simple progress indicator for the viewer

% total_msec



20. sys.stdout.write( V)

21. sys.stdout.flush()

22.

23. # Do the work

24. time.sleep(int(s)*0.001)

25.

26. # Send results to sink

27. sender.send( ")
O0ddn
Python [0

1. import sys

2. import time

3. import zmq

4.

5. context = zmq.Context()

6.

7. # Socket to receive messages on

8.  receiver = context.socket(zmq.PULL)

9. receiver.bind( "tcp://*:5558"

10.

11. # Wait for start of batch

12. s =receiver.recv()

13.

14. # Start our clock now

15. tstart = time.time()

16.

17. # Process 100 confirmations

18. total msec =0

19. for task nbr in  range(100):

20. s = receiver.recv()

21. if task _nbr % 10 == O:

22. sys.stdout.write(

23. else

24. sys.stdout.write( A

25.

26. # Calculate and report duration of batch

27. tend = time.time()

28. print "“Total elapsed time: %d msec"

oot

% ((tend-tstart)*1000)
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import  zmq

import  time

context = zmq.Context()

receiver = context.socket(zmq.PULL)

receiver.connect( “"tcp://localhost:5557" )

© ® N o 00 A~ W DN PRE

subscriber = context.socket(zmq.SUB)

10. subscriber.connect( "tcp://localhost:5556" )

11. subscriber.setsockopt(zmq.SUBSCRIBE, “10001" )
12.

13. while True:

14.

15. while  True:

16. try

17. rc = receiver.recv(zmg.NOBLOCK) #O0000000
18. except zmqg.ZMQError:

19. break

20.

21. while  True:

22. try

23. rc = subscriber.recv(zmq.NOBLOCK)

24. except zmq.ZMQError:

25. break
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Python OO

1. import zmq

2.

3. context = zmg.Context()

4.

5. receiver = context.socket(zmq.PULL)

6. receiver.connect( "tcp://localhost:5557" )

7.

8.  subscriber = context.socket(zmqg.SUB)

9.  subscriber.connect( "tcp://localhost:5556" )
10. subscriber.setsockopt(zmq.SUBSCRIBE, "10001" )
11.

12. poller = zmq.Poller()



13. poller.register(receiver, zmg.POLLIN)

14. poller.register(subscriber, zmq.POLLIN)

15.

16. while True:

17. socks = dict(poller.poll())

18.

19. if receiver In socks and socks[receiver] == zmq.POLLIN:

20. message = receiver.recv()

21.

22. if subscriber in socks and socks[subscriber] == zmq.POLLIN:

23. message = subscriber.recv()
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Python OO
1. import sys
2 import  time
3. import zmq
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context = zmq.Context()

receiver = context.socket(zmq.PULL)

receiver.connect( "tcp://localhost:5557" )

© 0o N o O

10. sender = context.socket(zmqg.PUSH)
11. sender.connect( “"tcp://localhost:5558" )
12.

13. controller = context.socket(zmq.SUB)

14. controller.connect( "tcp://localhost:5559" )
15. controller.setsockopt(zmg.SUBSCRIBE, ™)

16.

17. poller = zmq.Poller()

18. poller.register(receiver, zmq.POLLIN)

19. poller.register(controller, zmqg.POLLIN)

20. while True:

21. socks = dict(poller.poll())

22.
23. if socks.get(receiver) == zmq.POLLIN:
24. message = receiver.recv()
25.
26. workload = int(message) # Workload in msecs
27. time.sleep(workload / 1000.0)
28. sender.send(message)
29.
30. sys.stdout.write( ")
31. sys.stdout.flush()
32.
33. if socks.get(controller) == zmq.POLLIN:
34. break
00 (00)O
Python [O0O

1. import sys
import  time

import  zmq

context = zmq.Context()

receiver = context.socket(zmq.PULL)

receiver.bind( "tcp://*:5558" )
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controller = context.socket(zmq.PUB)



11. controller.bind( "tcp://*:5559" )
12.
13. receiver.recv()

14.

15. tstart = time.time()

16.

17. for task nbr in xrange(100):

18. receiver.recv()

19. if task _nbr % 10 == O:

20. sys.stdout.write( ")
21. else :

22. sys.stdout.write( ")

23. sys.stdout.flush()
24.

25. tend = time.time()
26. tdiff = tend - tstart

27. total _msec = tdiff * 1000

28. print "Total elapsed time: %d msec" % total_msec
29.
30. controller.send( "KILL" )

31. time.sleep(1)
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zmq_close (server)

zmq_term (context)

python O 0O OO zmgq.close(),zmg.term() OO O python DO OOO0OO0OOOO
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Oodooodooobod  valgrind
0000 zeromg OOOO warning DO0OOOO0O0OOOO build O zermq

. $ cd zeromq

. $ export CPPFLAGS=-DZMQ_MAKE_VALGRIND HAPPY
. $ ./configure

. $ make clean; make



. $ sudo make install

Oodo
valgrind --tool=memcheck --leak-check=full someprog
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1.00 /00 OOOooOn

Python [O0O

1. import zmq
context = zmq.Context()

frontend = context.socket(zmq.SUB)

frontend.connect( "tcp://192.168.55.210:5556" )

backend = context.socket(zmq.PUB)

backend.bind( “"tcp://10.1.1.0:8100" )
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frontend.setsockopt(zmq.SUBSCRIBE, ")
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while  True:

=
B

while  True:



15. message = frontend.recv()

16. more = frontend.getsockopt(zmq.RCVMORE)
17. if  more:

18. backend.send(message, zmg.SNDMORE)
19. else :

20. backend.send(message)

21. # Last message part
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Figure 17
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Figure 18 — Load balancing of requests
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Python OO

. import  zmq

. context = zmq.Context()

. socket = context.socket(zmq.REQ)

. for request in range(1,10):

1
2
3
4
5. socket.connect( “tcp://localhost:5559" )
6
7
8 socket.send( "Hello" )

9

message = socket.recv()

10. print "Received reply " , request, “[* , message, "

ooood
Python OO

1. import zmq
2.

3. context = zmg.Context()



4.
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10.

goog

Python

© 0o N o a k~ w0 DD P

10
11

12.
LS,
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

socket = context.socket(zmq.REP)

. socket.connect( "tcp://localhost:5560"

while  True:
message = socket.recv()
print "Received request: " , message

socket.send( "World" )

0

import  zmgq

context = zmqg.Context()

frontend = context.socket(zmg.XREP)
backend = context.socket(zmq.XREQ)
frontend.bind( "tcp://*:5559" )
backend.bind( “"tcp://*:5560" )

poller = zmq.Poller()

. poller.register(frontend, zmq.POLLIN)
. poller.register(backend, zmg.POLLIN)

while  True:

socks = dict(poller.poll())

if socks.get(frontend) == zmq.POLLIN:

message = frontend.recv()
more = frontend.getsockopt(zmg.RCVMORE)
if more:

backend.send(message, zmg.SNDMORE)

else

backend.send(message)

if socks.get(backend) == zmqg.POLLIN:
message = backend.recv()
more = backend.getsockopt(zmq.RCVMORE)
if more:
frontend.send(message, zmq.SNDMORE)
else

frontend.send(message)

gobobogoobbooobbood
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Python OO

. import  zmq

1
2
3. def main():
4

context = zmqg.Context(1)



frontend = context.socket(zmqg.XREP)
frontend.bind( "tcp://*:5559" )

© 0o N o O

backend = context.socket(zmq.XREQ)
10. backend.bind( “"tcp://*:5560" )

11.

12. zmq.device(zmg.QUEUE, frontend, backend)
13.

14. frontend.close()

15. backend.close()

16. context.term()

17.

18. if _ _name__ == " _main__"
19. main()
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Figure 21 -  Multithreaded server

Python OO
. import  time
. import  threading
. import  zmq

1

2

3

4

5. def worker_routine(worker_url, context):
6

7 socket = context.socket(zmq.REP)

8

9

socket.connect(worker_url)
10.

11. while  True:
12.
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

string = socket.recv()
print  ( "Received request: [%s]\n" % (string))

time.sleep(1)

socket.send( "World" )
def main():
url_worker = “Iinproc://workers"
url_client = "tcp://*:5555"

context = zmqg.Context(1)

clients = context.socket(zmqg.XREP)

clients.bind(url_client)

workers = context.socket(zmq.XREQ)

workers.bind(url_worker)

for 1 in range(5):
thread = threading.Thread(target=worker_routine, args=(url_wo
rker, context, ))

thread.start()

zmgq.device(zmg.QUEUE, clients, workers)

clients.close()
workers.close()

context.term()

if _ _name__ == _main___

main()
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Figure 22 — The Relay Race

Python [O0O

1. import threading

2. import zmq

3.

4. def stepl(context):

5.  sender = context.socket(zmq.PAIR)

6. sender.connect( “Iinproc://step2" )
7. sender.send(™)

8.

9. def step2(context):

10. receiver = context.socket(zmq.PAIR)

11. receiver.bind( “inproc://step2" )
12.

13. thread = threading.Thread(target=stepl, args=(context, ))
14. thread.start()

15.

16. string = receiver.recv()

17.

18. sender = context.socket(zmq.PAIR)



19. sender.connect( “inproc://step3" )
20. sender.send(™)

21.

22. return

23.

24. def main():

25. context = zmqg.Context(1)

26.

27. receiver = context.socket(zmq.PAIR)

28. receiver.bind( “inproc://step3" )
29.

30. thread = threading.Thread(target=step2, args=(context, ))
31. thread.start()

32.

33. string = receiver.recv()

34.

35. print  ( "Test successful\n" )
36.

37. receiver.close()

38. context.term()

39.

40. return

41.

42. if __name__ == " _main__"
43. main()
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Figure 23 — Pub Sub Synchronization
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Python OO

import  ?zmq
SUBSCRIBERS_EXPECTED ?=7?2

def ?main():
????context ?=?zmq.Context()
27?7

??7??publisher ?=?context.socket(zmq.PUB)

© o N o g B~ w DdhPE

??2??publisher.bind( 'tcp://*:5561" )

I
= O

???7?syncservice ?=?context.socket(zmq.REP)

|
e

???7?syncservice.bind( 'tcp://*:5562' )

|
e

14. ??7?7?subscribers ?=70

15. ????while ?subscribers ?<?SUBSCRIBERS_EXPECTED:
16. ??7?7?7?7???msg?=?syncservice.recv()

17. ?27?7?7??2??7?syncservice.send( ")

18. ????????subscribers ?+=71

19. ?7?2?27?7?7?2??print  ?"+1 ?subscriber”

20. ???7?

21. ????for ?i ?in ?range(1000000):

22. ?7????7?7?publisher.send( '‘Rhubarb’ );
23.
24. ?7?7??publisher.send( '‘END' )

25.



26. if ?name?==?'main

27. ?7???main()

oooo
Python [0

import  ?zmq

def ?main():

????context ?=?zmq.Context()

27?7

??7?7?subscriber ?="7context.socket(zmq.SUB)
??7?7?subscriber.connect( 'tcp://localhost:5561 )

??7??subscriber.setsockopt(zmg.SUBSCRIBE, 2"
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=
o©

???7?syncclient ?="7context.socket(zmq.REQ)

=
.

???7?syncclient.connect( 'tcp://localhost:5562'

|
R

??77?7?

|
&8

????syncclient.send( ")

=
B

??77?7?

=
&

???7?syncclient.recv()

e
N o

??2?27?nbr ?=70

|
2o

????while  ?True:
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??77?7?

N
B

?2?2?7?print  ?'Received  ?%d?updates’  2?nbr

NN
o

if ?name?==?'main'

N
=

????main()
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zeromq UOOOOOOOOOOOOOO "zero copy' UL OO noboooooon
googboobotod buobotobobbobuodgb oooouodobtd oogon
googogoogo copy UOoboobooonooboboobuobouonon

0 0O zero-copy UUOONO zeromq UUOOOOOOOOOOOODOOOON "Durable Sock
es"0000000O0OOOOOOOOOOOOOODOO zeromq JOOOOO *“ Durable
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Sender
Socket
“"Fine, I'll call you Luv"
"Not telling you my name!"”
, Socket ﬁ
Receiver
Figure 25 — Transient socket
0ooQg
Sender
Socket
“"Lucy! Nice to see you again..."
"My name's Lucy”
, Socket |
Receiver
Figure 26 — Durable socket
ooooo
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1. zmq_setsockopt ?(socket, ?ZMQ_IDENTITY, ?"Lucy" , ?4);
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Frame 1 Key Subscription key
Frame 2 Data Actual message body
Figure 27 — Puab sub envelope with separate key
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Python 00O
1. import 2time
2. import ?zmgq
3.
4. def ?main():
5. 2?7?72
6. ????context ???=?zmq.Context(1)
7.  ????publisher ?="7context.socket(zmq.PUB)
8.  ????publisher.bind( "tcp://*:5563" )
9. 27?77
10. ????while ?True:
11. ?2?2?27?7?7???publisher.send_multipart([ "A" ) ?"We?don't ?want ?to ?see ?this" ])
12. ??2?7?7?7???publisher.send_multipart([ "B" , ?"We?would ?like ?to ?see ?this" ])
13. ???7?7?7???time.sleep(1)

|
o

??77?7?



15. ????publisher.close()

16. ????context.term()

17.
18. if ?name?==?"main"

19. ?7???main()

oo
Python OO

import  ?zmq

def ?main():

??77?7?

?7???subscriber.connect(
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??77?7?

|
o

????while  ?True:
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)
QD
o
o
=
D
)]
o

........ ?contents]

=
N
N
N
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N
N
N
)
©
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13. 72?7?77

14. ???7?subscriber.close()
15. ????context.term()

16.

17. if ?name?==?"main"
18. ??7??main()

??7??context  ??7?7="7zmq.Context(1)

??7??subscriber ?=?context.socket(zmq.SUB)

"tcp://localhost:5563" )
??7?7?subscriber.setsockopt(zmq.SUBSCRIBE,

?"B" )

?="7subscriber.recv_multipart()

........ ("[%s] 7?%s\n" ?9%(address, ?contents))

otogbogobooobobtuobuoboboboobgan

Frame 1 Key Subscription key

Frame 2 Ildentity Address of publisher

Frame 3 Data Actual message body
Figure 28 - Puib sub envelope with sender address
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Python OO

import  ?zmq

import  2time

context ?=7zmq.Context()

sync ?=7?context.socket(zmq.PULL)

sync.bind( "tcp://*:5564" )

© © N o O bk~ W Db PR

publisher ?=?context.socket(zmq.PUB)

publisher.bind( "tcp://*:5565" )

I e =
NP O

sync_request ?=7sync.recv()

I
> w

for ?n?in ?xrange(10):

=
o

?2???msg?=?"Update ?%d" 2%?n

=
o

?2???publisher.send(msg)

=
=

???7?time.sleep(1)

o
© ©

publisher.send( "END" )

N
o

time.sleep(1) ??#?Give 20MQ/2.0.x  ?time 2o ?flush  ?output

good

Python 0O
import  ?zmq

import  2time

context ?=7zmq.Context()

subscriber ?="?context.socket(zmq.SUB)
subscriber.setsockopt(zmq.IDENTITY, ?"Hello" )
subscriber.setsockopt(zmq.SUBSCRIBE, ™)

© 0o N o O & Db =

subscriber.connect( "tcp://localhost:5565" )

=
o

11. sync ?=?context.socket(zmg.PUSH)

12. sync.connect( "tcp://localhost:5564" )
13. sync.send(™)

14.

15. while ?True:

16. ???7?data ?=?subscriber.recv()

17. ?2???print  ?data

18. ????if ?data ?==?"END" :

19. 2?2?2?2?2?77??break
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Java [0

=

$ durasub
Update O
Update 1
Update 2
~C

$ durasub
Update 3
Update 4
Update 5

© © N o O &k 0 D
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o©

Update 6

=
.

Update 7
"C

e o
w N

$ durasub

=
B

Update 8

=
&

Update 9
END

=
o2
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Java [0

-

$ durasub
Update O
Update 1
"C

$ durasub

Update

Update
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2
Update 3
7
8

Update

10. Update 9
11. END
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goood

Python [0
1. import ?zmq
2. import ?time
3
4. context ?=?zmg.Context()
5.
6. #7?Subscriber ?tells  ?us ?when ?it's  ?ready “here
7. sync ?=7?context.socket(zmqg.PULL)
8. sync.bind( "tcp://*:5564" )
9

10. #?We?send ?updates ia 7?this ?socket

11. publisher ?=?context.socket(zmq.PUB)

12. publisher.bind( "tcp://*:5565" )

13.

14. #7?Prevent ?publisher ?overflow  ?from 7?slow ?subscribers
15. publisher.setsockopt(zmg.HWM, ?1)

16.

17. #7?Specify ?the ?swap ?space ?in ?bytes, ?this ?covers ?all 7?subscribers

18. publisher.setsockopt(zmqg.SWAP, ?25000000)
19.
20. #?Wait ?for ?synchronization ?request

21. sync_request ?=?sync.recv()

22.

23. #?Now?broadcast ?exactly ?10?updates “?with ?pause
24. for ?n?in ?xrange(10):

25. ???7?msg?=?"Update ?%d" 2?n

26. ??7??publisher.send(msg)

27. ??7??time.sleep(1)

28.

29. publisher.send( "END" )

30. time.sleep(1) ?2?2#7?Give 20MQ/2.0.x  ?time 2o ?flush  ?output
oooo
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OJo0d0ddoogd /OO0 0OD00o0oooodoodooooooooooooooooon
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rep O

Frame 1 Reply address 4—— Envelope
Frame 2 44— Empty message part
Frame 3 Data

Figure 29 — Single hop requestsreply envelope
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(Next envelope will go here)

Frame 1 Reply address 4—— Envelope (ROUTER)
Frame 2 Reply address 4—— Envelope (ROUTER)
Frame 3 Reply address 4—— Envelope (ROUTER)
Frame 4 4— Empty message part (REQ)
Frame 5 Data

Figure 30 - Multihop request-eply envelope
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Client

REQ Data

A

l "My identity is empty"

' 3

Client sends this

ROUTER UuUID ROUTER invents UUID to
use as reply address
Service
Data
Figure 31 — ROUTER invents a UUID for transient sockets

googoougod

l "Hi, my name is Lucy”

zmq setsockopt (socket,
Client ZMQ _IDENTITY, "Lucy®, 4);
REQ Data Client sends this

| ROUTER | 'Lucy’ ROUTER uses identity of
client as reply address
Service
Data
Figure 32 — ROUTER uses identity if it knows it

goooodddoon
Python OO

. import  ?7zmq
. import  ?zhelpers

1
2
3
4. context ?=?zmg.Context()

5.

6. sink ?=7?context.socket(zmg.XREP)
7
8
9

. sink.bind( "inproc://example” )

. #7?First  ?allow 20MQ?”0 7set ?the ?identity

10. anonymous ?=?context.socket(zmq.XREQ)



11. anonymous.connect( “Inproc://example” )

12. anonymous.send( "XREP ?uses ?a?generated ?UUID" )

13. zhelpers.dump(sink)
14.

15. #?Then ?set ?the ?identity ?ourself

16. identified ?=7context.socket(zmq.XREQ)

17. identified.setsockopt(zmq.IDENTITY, ?"Hello" )

18. identified.connect( “Inproc://example” )

19. identified.send( "XREP ?socket ?uses ?REQ's ?socket ?identity" )

20. zhelpers.dump(sink)

doooooon  zhelpers:

Python OO
1. from random import randint
2
3. import zmq
4
S.
6. # Receives all message parts from socket, prints neatly
7. def dump(zsocket):
8 print e EE R EEEEE PR EE PR "
9 for part in zsocket.recv_multipart():
10. print "[%03d]" % len(part),
11. if all(31 <ord(c) <128 for ¢ in part):
12. print  part
13. else :
14. print " "join(" %x" % ord(c) for ¢ in part)
15.
16.

17. # Set simple random printable identity on socket

18. def set id(zsocket):
19. identity = "%04x-%04x" % (randint(0, 0x10000), randint(0, 0x1000

0))
20. zsocket.setsockopt(zmq.IDENTITY, identity)
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Worker Worker
Figure 33 - Router to dealer custom routing

Python [0
1. i mport ?time
2. 1 mport ?random

3. from ?threading ?import  ?Thread



4.

G2 ke =1y O

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

35.
36.

37.
38.

39.
40.

41.
42.
43.
44.
45.
46.
47.

I mport ?zmq

def ?worker_a(context):

????worker ?=7?context.socket(zmg.XREQ)

????worker.setsockopt(zmq.IDENTITY, A" )
????worker.connect( “ipc://routing.ipc” )
????total  ?=70

????while  ?True:

?????7?7??request  ?="?worker.recv()
??7?2??7?7??finished ?=?request ?==?"END"
???7?7?7?2?221f ?finished:

P?7?°°7?7?7??7?7??print - ?"A ?received:” , ?total
??????2??????break

???7?7?7?7??total  ?+=71

def ?worker_b(context):

????worker ?=?context.socket(zmq.XREQ)
????worker.setsockopt(zmq.IDENTITY, ?B' )
??7??worker.connect( “ipc://routing.ipc” )
????total  ?=70

????while  ?True:

?2??7?7?7???request  ?=?worker.recv()

??2?2?2?2???finished ?="7request ?==7?"END"
???7?7???7?if ?finished:

???7?7?7?7??????print  ?"B ?received:” , ?total
??????7??????break

????????total  ?+=7?1

context ?=7?zmg.Context()

client  ?=?context.socket(zmq.XREP)

client.bind( “ipc://routing.ipc" )
Thread(target=worker_a, ?args=(context,)).start()
Thread(target=worker_b, ?args=(context,)).start()
time.sleep(1)

for ?_7?in ?xrange(10):

????if ?random.randint(0, ?2) ?2>7?0:
??2?2?27?7??7client.send( "A" , ?22zmq.SNDMORE)
???7else

?2??7?7?2???client.send( "B" , 2zmq.SNDMORE)



48.

49. ???72client.send( "This 72is ?the 2workload" )
50.

51. client.send( "A" |, ?zmg.SNDMORE)

52. client.send( "END" )

53.

54. client.send( "B" , ?zmg.SNDMORE)

55. client.send( "END" )

56.

57. time.sleep(1) ??#7?Give ?0MQ/2.0.x ?time 7?to ?flush ?output

goggogoaad

Frame 1 Address
Frame 2 Data
Figure 34 - Routing envelope for dealer
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(2) Router gives laundry

ROUTER
(1) Mama says Hi
# REQ i i RED B
IIAII IIBII
Worker Worker
Figure 35 — Router to mama custom routing
Python OO

. I mport “?time

. i mport ?random

. f rom ?threading ?import ?Thread

. i mport “?zhelpers

1
2
3
4
5. i mport ?zmq
6
7
8
9

. NBR_WORKER&=?10

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23
24,
25.

def ?worker_thread(context):

????worker ?=?context.socket(zmg.REQ)

?2???7#?We2use ?a?string  ?identity ?for ?ease 7?here
???7?zhelpers.set_id(worker)

????worker.connect( “ipc://routing.ipc” )

????total ?=70
?2???while  ?True:
2???7????#?Tell ?the ?router 7?we're 7?ready ?for ?work

??7?2??7?7??worker.send( "ready" )

???7??7??7?#7?Get ?workload  ?from ?router, ?until  ?finished
??7?7???7??workload  ?="?worker.recv()

????27?27???finished ?=?workload ?==?"END"

Client Send to "A" or "B"



26. ?7??2??2?7?7?if ?finished:

27. ?7?7????7?7?7?7?7??print  ?"Processed: ?%d?tasks" ?%@total

28. ?7?7??2?7?7?7?7?7?7??break

29. ???272??7?%total 7?+=71

30.

31. ??2?2?2????#?Do?some ?random ?work

32. ????2??7?7?time.sleep(random.random() ?l ?10 2+ 7?10 ?** ?-9)

33.

34. context ?=?zmqg.Context()

35. client  ?=7?context.socket(zmqg.XREP)

36. client.bind( “ipc://routing.ipc” )

37.

38. for ?_7?in ?xrange(NBR_WORKERS):

39. ????Thread(target=worker_thread, ?args=(context,)).start()

40.

41. for ?_7?in ?xrange(NBR_WORKERS 7?*?10):

42. ???7?#?LRU?worker ?is ?next ?waiting  ?in ?the ?queue

43. ????address ?="client.recv()

44. ????empty ?=7?client.recv()

45. ?7?7?7?ready ?=7client.recv()

46.

47. ?7???client.send(address, ?zmg.SNDMORE)

48. ????client.send(™, ?zmq.SNDMORE)

49. ???72client.send( "This 72is ?the 2workload" )

50.

51. #?Now?ask ?mama?to ?shut ?down ?and ?report ?their ?results

52. for ?_%in ?xrange(NBR_WORKERS):

53. ????address ?=7client.recv()

54. ????empty ?=7client.recv()

55. ????ready 7?=7client.recv()

56.

57. ????client.send(address, ?zmq.SNDMORE)

58. ????client.send(™, ?zmq.SNDMORE)

59. ????client.send( "END" )

60.

61. time.sleep(1) ??#7?Give ?0MQ/2.0.x ?time 7?to ?flush ?output
Frame 1 Address
Frame 2 4—— Empty message part
Frame 3 Data

Figure 36 — Routing envelope for mama (REQ)
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Figure 37 — Router to papa custom routing

Python OO

import  ?time
import  ?zmq
import  ?zhelpers

context  ?=7?zmq.Context()

client  ?=?context.socket(zmq.XREP)

© © N o 0 k0w D P

client.bind( "ipc://routing.ipc” )

=
= O

. worker ?=7?context.socket(zmqg.REP)

H
N

worker.setsockopt(zmq.IDENTITY, A" )

H
8

worker.connect( “ipc://routing.ipc" )

H
B

|_\
o

#?2Wait ?for ?sockets 2o ?stabilize



16. time.sleep(1)

17.

18. client.send( "A" |, ?zmq.SNDMORE)

19. client.send( "address ?3", ?zmq.SNDMORE)
20. client.send( "address ?2", ?zmg.SNDMORE)
21. client.send( "address ?1", ?zmq.SNDMORE)
22. client.send(™, ?zmq.SNDMORE)

23. client.send( "This ?is ?the ?workload" )
24.

25. #?Worker ?should ?get ?just ?the ?workload

26. zhelpers.dump(worker)

27.

28. #7?We?don't ?play ?with “?envelopes ?in ?the ?worker
29. worker.send( "This ?is ?the ?reply" )

30.

31. #?Now?dump?what 2we ?got ?off ?the ?XREP?socket [
32. zhelpers.dump(client)

oooon
Frame 1 Address 44— Zero or more of these
Frame 2 44— Exactly one empty message part
Frame 3 Data

Figure 38 — Routing envelope for papa aka REP
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Client

REQ
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Worker Worker Worker
Figure 39 Basic request-reply
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Client Client Client
REQ REQ REQ
ROUTER
Device
DEALER
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Figure 40 - Stretched request feply
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Client Client Client

REQ REQ REQ
ROUTER Frontend
Device LRU queue
ROUTER Backend

REQ REQ REQ

Worker Worker Worker

Figure 41 — Stretched requestieply with LRU
Python [0

1. import “?threading

2. import “?2time

3. import ?zmq

4.

5. NBR_CLIENTS ?=?10

6. NBR_WORKER®=7?3

7.

8. def ?worker_thread(worker_url, ?context, ?1):

9. 2777 ?Worker “?using ?REQ?socket ?to ?do ?2LRU?routing 7™

10. ???7?

11. ?7??7?socket ?=7context.socket(zmg.REQ)

12.

13. ??7?7?identity ?=7'"Worker-%d"  296?(i)

14, ??7?7?

15. ?7?7??socket.setsockopt(zmq.IDENTITY, ?identity) ?#set ?worker ?identit

y

16. 272727272777

17. ??7?7?socket.connect(worker_url)

18. ???7?

19. ?2???#7?Tell ?the ?borker 2we?are ?ready ?for ?work
20. ???7?socket.send( "READY" )

21. 2?7?77

22. ?2??7?try

23. ?2?2??7?7?7?7?while ?True:



24.
25.
26.
27.
28.
29.
30.
31.
32.
S5
34.
S5
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

51.
52.
S
4.
95.
56.
57.
58.
99.
60.
61.
62.
63.
64.
65.
66.

PPPPPIVVIV???

2??7?7°7°7°??°?7??# ?python  ?binding  ?seems ?to ?eat ?empty ?frames
???7?7?7?7??????address  ?=?socket.recv()

???7?7?7?7?????7?request  ?=?socket.recv()

P?9????7?7?7°?7?

2?7?7?°°?7?7?°??7?print - ("%s: ?%s\n" ?%(identity, ?request))
P9???????7?77°?7

???7?7?7?7?????7?socket.send(address, ?zmq.SNDMORE)
???7?7?7?7??????socket.send (", ?2zmg.SNDMORE)
???7?7?7?7??????socket.send( "OK" )

222277777777

??7??except ?zmq.ZMQError, ?zerr:
???7?7?7?7??#?2context  ?terminated ?s0 ?quit  ?silently
???7?7?7?7??if  ?zerr.strerror ?==7?'Context  ?was ?terminated’

2?2?2777 ?2?2??raise  ?zerr

27?7

?2??7?7?77?

def ?client_thread(client_url, ?context, ?i):

????"" 7?Basic ?request-reply ?client  ?using ?REQ?socket ?""
27?7

????socket ?=?context.socket(zmg.REQ)

????identity ?=7?"'Client-%d" 262(i)
2?77
??7?7?socket.setsockopt(zmq.IDENTITY, ?identity) ?#Set ?client

y. ?Makes ?tracing  ?easier

27?7

??7??socket.connect(client_url)

????#7?7?Send ?request, ?get ?reply
????socket.send( "HELLO" )

??2??reply ?=7socket.recv()

?2?2??print - ("%s: ?%s\n" ?%®(identity, ?reply))
?2?7?7?return

27?7

def ?main():

2?27 ?main ?method 2"

???7?url_worker ?="7"inproc://workers"
??27?7?url_client ?=7"inproc://clients"
????client_nbr ?=7?NBR_CLIENTS
27?7

????#7?Prepare ?our ?context ?and ?sockets

?identit



67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.

78.
79.
80.
81.

82.
83.
84.
85.
86.

87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.

????context  ?=?zmq.Context(1)

????frontend  ?=7context.socket(zmq.XREP)
??7??frontend.bind(url_client)

????backend ?=?context.socket(zmq.XREP)
??7??backend.bind(url_worker)

27?7

27?7

27?7

?2???#?create  workers ?and ?clients ?threads
????for ?i ?2in ?range(NBR_WORKERS):
?2?7?7???7?7?thread  ?="threading.Thread(target=worker_thread, ?args=(url_w

orker,  ?context, 2, ?)

2?77

????for ?i ?2in ?range(NBR_CLIENTS):

?2?7?7??7??7?thread_c  ?=7threading.Thread(target=client_thread, ?2args=(url
_client, ?context, ?i, ?))
?2?7?7??7?7?7?thread_c.start()

27?7
????#7?Logic ?of ?LRU?loop

????#7- ?Poll ?backend ?always, “?frontend ?only ?if 7?1+ ?worker ?ready

?2?7??#7?- ?lf ?worker ?replies, ?queue ?worker ?as ?ready 7?and ?forward “?repl
y
????#7?to ?client  ?if ?necessary

????#7- ?1f ?client  ?requests, ?pop ?next ?worker 7?and ?send ?request ?to ?it
2?77
?2???#?Queue ?of ?available ?workers

??7?7?available_workers ?=?0
??7??workers_list 2?°?7??="[]
2?7?77

????#72init  ?poller

????poller  ?=7?zmq.Poller()

27?7
?2?2?2?#?Always ?poll  ?for worker ?activity ?on ?backend
???7?poller.register(backend, ?zmq.POLLIN)
27?7
????#?Poll  ?front-end ?only 72f ?we?have ?available 2workers
??7?7?poller.register(frontend, ?zmq.POLLIN)
27?7
????while  ?True:
??9???°7?7?
?2???7?7?7?7?socks ?=2?dict(poller.poll())
2?7?7777 ?Handle ?worker “?activity ?on ?backend



107.

108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.

123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.

N):

?2?7?7????721f ?(backend ?in ?socks “?and ?socks[backend]

r ?address ?for ?LRU?routing

???7?7?7???????2worker_addr  ??=?backend.recv()

PPPPPIVVIV???

???7?7?7?7?7???7?%assert  ?available_workers

?back ?to ?the ?list ?of 2workers

2?7?7?7?7?7?7???7?7?available_workers ?2+=7?1

2?°?7??7?7?7???7??2workers_list.appe

PPPPPIVVIV???

nd(worker_addr)

??7?7?7?7?7?7????7client_addr ?="7backend.recv()

?2??2??2?7?2?2??2?2#21f xlient  ?reply,

?1= ?"READY" :

?=="?zmq.POLLI

?<?NBR_WORKERS

?reply ?addres

?send ?rest ?back ?to ?frontend

Vet ddddddds

???7?7?7?7????7?7?7?7???frontend.send(client_addr, ?zmq.SNDMORE)
??2???2?????7?7????%frontend.send (", ?zmg.SNDMORE)
??7?7?7?7°7???°?7?7?7?7???frontend.send(reply)

et dddddddddddds

???????????????7client_nbr ?-=7?1

Vet dddddds

???2???????7?7?7???72f  ?client_nbr ?=="0:

??#7?Exit ?after ?N?messages

?only ?if ?workers 7?are ?available

?>?0:

?in ?socks 7?and ?socks[frontend]

?==7?zmq.POL



147. ????7°7°7°°?2°7?7?7???2# ?Now?get ?next ?client  ?request, ?route ?to ?LRU?worke

148. 2?°?°?7?7°°°7?7??°?7??2%?2Client  ?request  ?is ?[address][empty][request]
149. ???7?7?7?7????7?7?7?7??2client_addr ?="?frontend.recv()

150. P9??????7?7?°°°°77?

151. ???7?7?7°7°?2?°?7?7?7?7???%empty  ?=?frontend.recv()

152. P?????7???7?7???7?7assert ?empty  ?=="7"

153. PP2??????77°°°7?7?

154, ???7?7?7°7?°??7?7?7?7???%request  ?="frontend.recv()

155. P2?????7?7?7?°7°°77?

156. P?°7?°?7°7°°°7?7?????% ??Dequeue ?and ?drop ?the ?next ?worker 7?address
157. ???7?7?7?7????7?7?7?7?7??available_workers ?2-=7?1

158. P?°?7???7?7°??7?7?7????worker_id ?="2workers_list.pop()

159. PP?????77°°°°7?7?

160. ???7?7?°?????7?7?7???backend.send(worker _id, ?zmq.SNDMORE)
161. 2?°7??7?7?7??°?7?7?7???7?backend.send (", ?zmg.SNDMORE)

162. 2?°7?°7?7?7??°?7?7?7???7?backend.send(client_addr, ?zmg.SNDMORE)
163. 2?7?7??7?7?7???7?7?7???7?backend.send(request)

164. P9??????77?7°°7?7?

165. ????%out ?0of ?infinite ?loop: ?do ?some ?housekeeping

166. ????time.sleep ?(1)

167. 27?7

168. ?7???frontend.close()

1609. ??7?7?backend.close()

170. ????context.term()

171. 27?7

172.

173. if ?name ?==7?"main"

174. ?2???main()

client goooggoo

Frame 1 5 HELLO Data part

Figure 42 — Message that client sends

goooon



Frame 1 6 CLIENT Identity of client

Frame 2 0 Empty message part
Frame 3 5 | HELLO Data part
Figure 43 - Message coming in on frontend

OO0 worker OO

Frame 1 6 WORKER Identity of worker
Frame 2 0 Empty message part
Frame 3 6 CLIENT Identity of client
Frame 4 0 Empty message part
Frame 5 5 HELLO Data part
Figure 44 — Message sent to backend

00000000
Frame 1 6 CLIENT Identity of client
Frame 2 0 Empty message part
Frame 3 5 | HELLO Data part

Figure 45 —  Message delivered to worker

O worker O client OO0 O0OO0O0O0O0O0OOODOOOOO REQ UUUUDUOOUOOUogng

[O10

000000 api000000000O0OOOOOOOOOOOOOOOO python [0 O[O
goooogogdod

Python [O0O 'ft?

import  ?threading

import  ?time

import  ?zmq

NBR_CLIENTS ?=7?10
NBR_WORKER&=73

N o o &~ w0 b PR

22

def ?worker_thread(worker_url, ?context, ?1):



10.
11.
12.
13.

14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
S
34.
S5
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

47.

48.
49.

50.

2?2?27 ?Worker ?2using ?REQ?socket ?to ?do ?LRU?routing 7"

2?77

????socket ?=?context.socket(zmg.REQ)

??7?7?identity ?=7'"Worker-%d"  2962(i)

2?77

???7?socket.setsockopt(zmq.IDENTITY, ?identity) ?#set ?worker

y

P77

??7?7?socket.connect(worker_url)

27?7

?2?2??#7?Tell ?the ?borker 2we?are ?ready ?for ?work
???7?socket.send( "READY" )

27?7

2272try

???7?7?7?7????7?7?[address, ?request]  ?=?socket.recv_multipart()
2??7?7?7°7??°???7?print - ("%s: ?%s\n" ?%(identity, ?request))
??7?7??7?7?7????7?socket.send_multipart([address, 2" ?" OK'))
??7?7?except ?zmq.ZMQError, ?zerr:

????????#?2context  ?terminated ?s0 ?quit  ?silently

????????1f ?zerr.strerror ?==?'Context  ?was ?terminated'

2??77?7?7?7?77??7???raise  ?zerr

2?7?77

ledddddds

def ?client_thread(client_url, ?context, ?0):

????"" 7?Basic “?request-reply ?client  ?using ?REQ?socket 2"
2?77

????socket ?=?context.socket(zmg.REQ)

????identity ?="?'Client-%d" 262(i)
2?77
???7?socket.setsockopt(zmq.IDENTITY, ?identity) ?#Set ?client

y. ?Makes ?tracing  ?easier

2?77

??7?7?socket.connect(client_url)

????#7?7?Send ?request,  ?get ?reply

?identit

?identit



51.
52.
53.
4.
55.
56.
S7.
58.
99.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

79.
80.
81.
82.

83.

84.
85.

86.
87.

88.
89.
90.
91.

????socket.send( "HELLO" )

27?7

????reply ?=7socket.recv()

27?7

?2?2??print - ("%s: ?%s\n" ?%?(identity, ?reply))
27?7

??7?7?return

27?7

P77

def ?main():

2?27 ?main ?method 2"

??2?7?url_worker ?=7"inproc://workers"
??2?7?url_client ?="7"inproc://clients"
????client_nbr ?=7?NBR_CLIENTS

27?7

?2??7?#7?Prepare ?our ?context ?and ?sockets
????context  ?=7?zmq.Context(1)

????frontend  ?="7context.socket(zmq.XREP)
??7?7?frontend.bind(url_client)

????backend ?=?context.socket(zmq.XREP)
??7??backend.bind(url_worker)

27?7

27?7

27?7

????#?create  workers ?and ?clients ?threads
????for ?i ?in ?range(NBR_WORKERS):
?2???7?7?7??thread ?="?threading.Thread(target=worker_thread, ?args=(url_w

orker,  ?context, 2, ?)

?77?7?

2?272for ?i 2in ?range(NBR_CLIENTS):

????7?7?7??thread_c  ?=7threading.Thread(target=client_thread, ?args=(url
_client, ?context, ?i, ?)
??7?7??7?7?7?thread_c.start()

27?7
????#7?Logic ?of ?LRU?loop

?2?7??#7?- ?Poll  ?backend 7?always, ?frontend  ?only ?if ?1+ ?worker ?ready

?2???#72- ?21f ?worker ?replies, ?queue ?worker ?as ?ready ?and ?forward ?repl
y
????#7?to ?client  ?if ?necessary

????#7- ?l1f ?client  ?requests, ?pop ?next ?worker ?and ?send ?request ?to ?it
27?7
?2?7?7?#7?Queue ?of ?available ?workers



92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.

110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.

127.
128.
129.
130.
131.
132.
133.

??7?7?available_workers ?=?0
??7??workers_list 2???2??="[]

27?7
????#72init  ?poller

????poller  ?=7?zmq.Poller()

27?7
?2?2?2?#?Always ?poll  ?for worker “?activity ?on ?backend
???7?poller.register(backend, ?zmq.POLLIN)

2?2?27

????#?Poll  ?front-end ?only 2f ?we?have ?available 2workers
??7?7?poller.register(frontend, ?zmq.POLLIN)
2?77

????2while  ?True:

???7?7?7°7?7?

2?77

2?7?7777 ?Handle ?worker “?activity ?on ?backend

?2?7?7?2???721f ?(backend ?in ?socks ?and ?socks[backend] ?==72zmq.POLLI

N):

???7?7?7???????2worker_addr  ?=?message[0]

PPPPP?VVV?7?77?

??7?7???7?7???7??2% ?add ?worker ?back ?to ?the ?list ?of 2workers
???7?7?7?7?7???7?7available_workers ?2+=7?1
2?°?7??7?7?7?????2workers_list.append(worker_addr)

PPPPP?VV??7?77?

????7?7°7??°??7?724?Third  ?frame ?is ?READY?or ?else ?a?client  ?reply ?addres

??°?7??7?7?7?2??7?72client_addr ?=?message[2]

20?7?0774 20 xlient  ?reply, 7?send ?rest ?back ?to ?frontend

??2??2?2?????2%f ?client_addr ?1= ?"READY" :



134. P77 7?7??7?7??7?7??assert ?empty =="7"

135. PP??????77°°°7?7?

136. P?7??0?7?7?°°7°7?????%reply  ?=?message[4]

137. P??????7?°°°°°0°°°7

138. ???7?7?7°7????7?7?7?7???frontend.send_multipart([client_addr, ?"™, ?repl
yl)

139. P9??????7?7°°°°°?7?

140. ????7?7?7??7??2?????2client_nbr ?-=71

141. P2?????7?7?7?°7°°77?

142. ????7?7?7?7???22????2f  ?client_nbr ?=="70:

143. P?0?0??7°?7?7°7?°°7?7?7??7?7break  ??#7?Exit ?after  ?N?messages

144. 27?7

145, ????7?7???2%?poll  ?on ?frontend  ?only ?if ?workers “?are ?available

146. ???7?7?7?7?72f 7?available_workers ?>?0:

147. P?2???7?7?7?7777?

148. 2?°?7???7?7?2?7?7?72f  ?(frontend ?in ?socks 7?and ?socks[frontend] ?==7?zmq.POL
LIN):

149. ????7?7°7°°?°7?7?7°???2# ?Now?get ?next ?client  ?request, ?route ?to ?LRU?worke
r

150. 2??7?°7°7°°°°7?7?7????2#?2Client  ?request  ?is ?[address][empty][request]

151. P92?????7?7?°7°°7?7?

152. 27?7?7?°7?7?7??7°?7?7?7??7?7?[client_addr, ?empty, ?request ?] ?=?frontend.recv._m
ultipart()

153. PP2??????7?7°°°7?7?

154. P0??7?°7°7°?°?7?7?7?7???assert  7empty ?==7"

155. P92?????7?7?°?°?°?°7?7?

156. ???7?7?7°°°?°7?7?7?7???# ??Dequeue ?and ?drop ?the ?next ?worker “?address

157. ???7?7?7?7????7?7?7?7?7??available_workers ?2-=7?1

158. P?7?7???7?7°??7?7?7????worker _id ?="2workers_list.pop()

159. PP???????7?7?°°°7?7?

160. ???7?7?°7????7?7?7?7???backend.send_multipart([worker _id, ", 2client_ad
dr, ?request]) P????7?°°°°°°°°7

161. ??9??°°7?7?

162.

163. ????#out ?of ?infinite ?loop: ?do ?some ?housekeeping

164. ????time.sleep ?()

165. 27?7

166. ?7?7?7?frontend.close()

167. ??7?7?backend.close()

168. ??7?7?context.term()

169. 27?7

170.

171. if ?name ?==?"main"

172. ???7?main()






