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Informazioni sul modulo concurrent.futures

• Il modulo concurrent.futures fornisce un’interfaccia per eseguire callable in modo
asincrono. 
• L’esecuzione asincrona può essere svolta con thread, usando ThreadPoolExecutor, 

o con processi separati, usando ProcessPoolExecutor. Entrambe le classi
estendono la classe astratta Executor illustrata di seguito.
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Informazioni sul modulo concurrent.futures

• concurrent.futures.Future è un oggetto che incapsula l’esecuzione asincrona di un 
callable

• oggetti Future sono creati invocando il metodo concurrent.futures.Executor.submit() 
• la classe concurrent.futures.Executor non può essere usata direttamente perché è una

classe astratta. Al suo posto devono essere usate le sue due seguenti sottoclassi
concrete.
• concurrent.futures.ProcessPoolExecutor realizza la concorrenza usando processi

multipli. 
• concurrent.futures.ThreadPoolExecutor realizza la concorrenza con thread multipli. 
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Informazioni sul modulo concurrent.futures

• concurrent.futures.Executor.submit(fn, *args, **kwargs) fa in modo che il
callable fn venga eseguito come fn(*args **kwargs) e restituisce un oggetto
Future che rappresenta l’esecuzione del callable. 
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Informazioni sul modulo concurrent.futures

• concurrent.futures.as_completed(fs, timeout=None): restituisce un iteratore su istanze di 
Future fornite da fs.

• Le istanze di Future vengono fornite non appena vengono completate. 
• Le istanze di future  potrebbero anche essere state create da differenti istanze di 

executor. 
• Se un future fornito da fs e` duplicato, questo viene restituito un’unica volta

dall’iteratore. 
• I future completati prima che as_completed() venga invocato, vengono restituiti per 

primi.
• L’iteratore restituito lancia concurrent.future.TimeoutError se dopo aver invocato

__next__(), il risultato non è disponibile entro timeout secondi dall’invocazione di 
as_completed(). Timeout può essere un int o un float. Se Timeout non è specificato nella
chiamata, non c’è limite di attesa.
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Concorrenza ad alto livello: un esempio di
mutiprocessing con uso di Futures
• Questa funzione esegue lo stesso lavoro della funzione scale() dell’implementazione precedente

ma lo fa in modo completamente diverso

• La funzione comincia creando un insieme vuoto di future. 

• Poi crea un oggetto ProcessPoolExecutor che dietro le scene creerà un numero di processi worker. 
• Il numero esatto per max_workers è determinato da un’euristica ma qui il numero è fissato. 
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def scale(size, smooth, source, target, concurrency):

    futures = set()
with concurrent.futures.ProcessPoolExecutor(

            max_workers=concurrency) as executor:

for sourceImage, targetImage in get_jobs(source, target):

            future = executor.submit(scale_one, size, smooth, sourceImage,

                    targetImage)

            futures.add(future)

        summary = wait_for(futures)

if summary.canceled:

            executor.shutdown()

return summary

This function has the same signature, and does the same work, as the same
function in the imagescale-q-m.py program, but it works in a radically different
way. We begin by creating an empty set of futures. Then we create a process
pool executor. Behind the scenes, this will create a number of worker processes.
The exact number is determined by a heuristic,but herewe have overridden this
to specify the number ourselves, purely for debugging and timing convenience.

Once we have a process pool executor, we iterate over the jobs returned by
the get_jobs() function and submit each one to the pool. The concurrent.fu-

tures.ProcessPoolExecutor.submit() method accepts a worker function and op-
tional arguments and returns a Future object. We add each future to our set of
futures. The pool starts work as soon as it has at least one future to work on.
When all the futures have been created, we call a custom wait_for() function,
passing it the set of futures. This function will block until all the futures have
been done (or until the user cancels). If the user cancels,wemanually shutdown
the process pool executor.

def get_jobs(source, target):

for name in os.listdir(source):

yield os.path.join(source, name), os.path.join(target, name)

This function performs the same service as the previous subsection’s add_jobs()
function, only instead of adding jobs to a queue, it is a generator function that
yields jobs on demand.

def wait_for(futures):

    canceled = False
    copied = scaled = 0

try:
for future in concurrent.futures.as_completed(futures):

            err = future.exception()

if err is None:
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Concorrenza ad alto livello: un esempio di 
mutiprocessing con uso di Futures
• Una volta che ha creato un oggetto ProcessPoolExecutor, scale() itera sui job restituiti da 

get_jobs() e crea per ciascuno di essi un future.

• Il metodo concurrent.futures.ProcessPoolExecutor.submit() accetta una funzione worker e 
argomenti opzionali e restituisce un oggetto Future. 

• Il pool comincia a lavorare non appena ha un future su cui lavorare. Quando tutti i future sono
stati creati, viene chiamata una funzione wait_for() passandole l’insieme di future. Questa 
funzione si bloccherà fino a quando tutti i future sono stati eseguiti o cancellati dall’utente. Se 
l’utente cancella, la funzione dismette il pool executor. 
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def scale(size, smooth, source, target, concurrency):

    futures = set()
with concurrent.futures.ProcessPoolExecutor(

            max_workers=concurrency) as executor:

for sourceImage, targetImage in get_jobs(source, target):

            future = executor.submit(scale_one, size, smooth, sourceImage,

                    targetImage)

            futures.add(future)

        summary = wait_for(futures)

if summary.canceled:

            executor.shutdown()

return summary

This function has the same signature, and does the same work, as the same
function in the imagescale-q-m.py program, but it works in a radically different
way. We begin by creating an empty set of futures. Then we create a process
pool executor. Behind the scenes, this will create a number of worker processes.
The exact number is determined by a heuristic,but herewe have overridden this
to specify the number ourselves, purely for debugging and timing convenience.

Once we have a process pool executor, we iterate over the jobs returned by
the get_jobs() function and submit each one to the pool. The concurrent.fu-

tures.ProcessPoolExecutor.submit() method accepts a worker function and op-
tional arguments and returns a Future object. We add each future to our set of
futures. The pool starts work as soon as it has at least one future to work on.
When all the futures have been created, we call a custom wait_for() function,
passing it the set of futures. This function will block until all the futures have
been done (or until the user cancels). If the user cancels,wemanually shutdown
the process pool executor.

def get_jobs(source, target):

for name in os.listdir(source):

yield os.path.join(source, name), os.path.join(target, name)

This function performs the same service as the previous subsection’s add_jobs()
function, only instead of adding jobs to a queue, it is a generator function that
yields jobs on demand.

def wait_for(futures):

    canceled = False
    copied = scaled = 0

try:
for future in concurrent.futures.as_completed(futures):

            err = future.exception()

if err is None:
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Concorrenza ad alto livello: un esempio di 
mutiprocessing con uso di Futures
• Questa funzione svolge lo stesso compito della funzione add_jobs() 

dell’implementazione precedente, solo che invece di aggiungere job 
alla coda è una funzione generatore che restituisce job su richiesta. 
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def scale(size, smooth, source, target, concurrency):

    futures = set()
with concurrent.futures.ProcessPoolExecutor(

            max_workers=concurrency) as executor:

for sourceImage, targetImage in get_jobs(source, target):

            future = executor.submit(scale_one, size, smooth, sourceImage,

                    targetImage)

            futures.add(future)

        summary = wait_for(futures)

if summary.canceled:

            executor.shutdown()

return summary

This function has the same signature, and does the same work, as the same
function in the imagescale-q-m.py program, but it works in a radically different
way. We begin by creating an empty set of futures. Then we create a process
pool executor. Behind the scenes, this will create a number of worker processes.
The exact number is determined by a heuristic,but herewe have overridden this
to specify the number ourselves, purely for debugging and timing convenience.

Once we have a process pool executor, we iterate over the jobs returned by
the get_jobs() function and submit each one to the pool. The concurrent.fu-

tures.ProcessPoolExecutor.submit() method accepts a worker function and op-
tional arguments and returns a Future object. We add each future to our set of
futures. The pool starts work as soon as it has at least one future to work on.
When all the futures have been created, we call a custom wait_for() function,
passing it the set of futures. This function will block until all the futures have
been done (or until the user cancels). If the user cancels,wemanually shutdown
the process pool executor.

def get_jobs(source, target):

for name in os.listdir(source):

yield os.path.join(source, name), os.path.join(target, name)

This function performs the same service as the previous subsection’s add_jobs()
function, only instead of adding jobs to a queue, it is a generator function that
yields jobs on demand.

def wait_for(futures):

    canceled = False
    copied = scaled = 0

try:
for future in concurrent.futures.as_completed(futures):

            err = future.exception()

if err is None:
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Concorrenza ad alto livello: un esempio di 
mutiprocessing con uso di Futures
• La funzione wait_for() (la figura mostra il primo segmento) viene invocata per aspettare

che i future vengano completati. 
• Nel for viene invocato concurrent.futures.as_completed() che si blocca fino a che non 

viene completato o cancellato un future e poi restituisce quel future
• Se il callable worker eseguito dal future lancia un’eccezione allora il metodo

future.exception() la restituisce; altrimenti restituisce None. Se non si verifica alcuna
eccezione allora viene recuperato il risultato del future e riportato il progresso all’utente.
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def scale(size, smooth, source, target, concurrency):

    futures = set()
with concurrent.futures.ProcessPoolExecutor(

            max_workers=concurrency) as executor:

for sourceImage, targetImage in get_jobs(source, target):

            future = executor.submit(scale_one, size, smooth, sourceImage,

                    targetImage)

            futures.add(future)

        summary = wait_for(futures)

if summary.canceled:

            executor.shutdown()

return summary

This function has the same signature, and does the same work, as the same
function in the imagescale-q-m.py program, but it works in a radically different
way. We begin by creating an empty set of futures. Then we create a process
pool executor. Behind the scenes, this will create a number of worker processes.
The exact number is determined by a heuristic,but herewe have overridden this
to specify the number ourselves, purely for debugging and timing convenience.

Once we have a process pool executor, we iterate over the jobs returned by
the get_jobs() function and submit each one to the pool. The concurrent.fu-

tures.ProcessPoolExecutor.submit() method accepts a worker function and op-
tional arguments and returns a Future object. We add each future to our set of
futures. The pool starts work as soon as it has at least one future to work on.
When all the futures have been created, we call a custom wait_for() function,
passing it the set of futures. This function will block until all the futures have
been done (or until the user cancels). If the user cancels,wemanually shutdown
the process pool executor.

def get_jobs(source, target):

for name in os.listdir(source):

yield os.path.join(source, name), os.path.join(target, name)

This function performs the same service as the previous subsection’s add_jobs()
function, only instead of adding jobs to a queue, it is a generator function that
yields jobs on demand.

def wait_for(futures):

    canceled = False
    copied = scaled = 0

try:
for future in concurrent.futures.as_completed(futures):

            err = future.exception()

if err is None:
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Concorrenza ad alto livello: un esempio di 
mutiprocessing con uso di Futures
• Se si verifica un’eccezione prevedibile (cioè proveniente dal modulo image), essa viene

riportata all’utente. Ma se si verifica un’eccezione inattesa allora essa viene lanciata
perché potrebbe trattarsi di un errore logico del programma. Nel caso si verifichi una
cancellazione effettuata dall’utente con Ctrl+C, la funzione cancella i future una alla volta.
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                result = future.result()

                copied += result.copied

                scaled += result.scaled

                Qtrac.report("{} {}".format("copied" if result.copied else
"scaled", os.path.basename(result.name)))

elif isinstance(err, Image.Error):

                Qtrac.report(str(err), True)
else:

raise err # Unanticipated

except KeyboardInterrupt:

        Qtrac.report("canceling...")

        canceled = True
for future in futures:

            future.cancel()

return Summary(len(futures), copied, scaled, canceled)

Once all the futures have been created, we call this function to wait for the fu-
tures to complete. The concurrent.futures.as_completed() function blocks un-
til a future has finished (or been canceled) and then returns that future. If the
worker callable that the future executed raised an exception, the Future.excep-

tion()method will return it; otherwise, it returns None. If no exception occurred,
we retrieve the future’s result and report progress to the user. If an exception oc-
curred of a kind wemight reasonably expect (i.e., from the Imagemodule), again,
we report it to the user. But if we get an unexpected exception,we raise it since
it either meanswe have a logical error in our program or the user canceled with
Ctrl+C.

If the user cancels by pressing Ctrl+C, we iterate over all the futures and cancel
each one. At the end, we return a summary of the work that was done.

Using concurrent.futures is clearer and more robust than using queues, al-
though either approach is far easier and better than one that involves the use of
explicit lockswhenusingmultithreading. It is also easy to switch betweenusing
multithreading and multiprocessing: we just have to use a concurrent.futures

.ThreadPoolExecutor instead of a concurrent.futures.ProcessPoolExecutor. When
using multithreading of any kind, if we need to access shared data, we must
use immutable types or deep copy (e.g., for read-only access), or use locks (e.g.,
to serialize read-write accesses), or use a thread-safe type (e.g., a queue.Queue).
Similarly, when using multiprocessing, to access shared data we must use im-
mutable types or deep copy, and for read-write access we must use managed
multiprocessing.Values or multiprocessing.Arrays, or use multiprocessing.Queues.
Ideally, we should avoid using any shared data at all. Failing that, we should
only share read-only data (e.g., by using immutable types or by deep copying) or
use concurrency-safe queues, so that no explicit locks are required, and our code
is straightforward to understand and maintain.
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Programmazione Avanzata
Concorrenza I/O Bound
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Un esempio
• Scaricare file o pagine web da Internet e` un esigenza molto  frequente. A causa 

dei tempi di latenza della rete, e` di solito possibile fare molti download in modo
concorrente e quindi terminare molto piu` velocemente il download.
• Il libro di Summerfield propone un codice che scarica RSS feed (piccoli documenti

XML) che riportano storie relative a notizie riguardanti il mondo della tecnologia.
• I feed provengono da diversi siti web e il programma li usa per produrre una

singola pagina HTML con i link a tutte le storie.  
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4.2. I/O-Bound Concurrency

A common requirement is to download a bunch of files or web pages from the
Internet. Due to network latency, it is usually possible to do many downloads
concurrently and thereby finish much more quickly than would be the case if
we downloaded each file one at a time.

In this section, we will review the whatsnew-q.py and whatsnew-t.py programs.
These programsdownload RSS feeds: small XML documents summarizing tech-
nology news stories. The feeds come from various web sites, and the program
uses them to producea singleHTMLpagewith links to all the stories. Figure 4.3
shows part of a “what’s new”-generated HTML page. Table 4.2 (! 156) shows
the timings for variousversionsof the program." Although the “what’snew” pro-
grams’ speedups look proportional to the number of cores, this is a coincidence;
the coreswere all underutilized, andmost of the timewas spent waiting for net-
work I/O.

Figure 4.3 Some technology news links from an RSS feed

The table also shows timings for versions of a gigapixel program (not shown
in the book). These programs access the www.gigapan.org web site and retrieve
nearly 500 JSON-format files, totaling 1.9MiB, that contain metadata about
gigapixel images. The code for the versions of this programmirrors that of the
“what’s new” programs, although the gigapixel programs achieve much greater
speedups. The better performance is because the gigapixel programs access a
single high-bandwidth site,whereas the “what’s new” programsmust access lots
of different sites with varying bandwidths.

Because network latency varies so much, the speedups could easily change,
with concurrent versions achieving improvements from as little as 2× to as
much as 10×, or even better, depending on the sites accessed, the amount of

" The timings were made on a lightly loaded quad-core AMD64 3GHz machine, downloading from
almost 200 web sites on a domestic broadband connection.
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Un esempio
• La tabella mostra i tempi di  varie versioni del programma
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Table 4.2 Download speed comparisons

Program Concurrency Seconds Speedup

whatsnew.py None 172 Baseline

whatsnew-c.py 16 coroutines 180 0.96 ×

whatsnew-q-m.py 16 processes using a queue 45 3.82 ×

whatsnew-m.py 16 processes using a process pool 50 3.44 ×

whatsnew-q.py 16 threads using a queue 50 3.44 ×

whatsnew-t.py 16 threads using a thread pool 48 3.58×

gigapixel.py None 238 Baseline

gigapixel-q-m.py 16 processes using a queue 35 6.80 ×

gigapixel-m.py 16 processes using a process pool 42 5.67×

gigapixel-q.py 16 threads using a queue 37 6.43×

gigapixel-t.py 16 threads using a thread pool 37 6.43×

data downloaded,and the bandwidth of the network connection. In view of this,
the differences between the multiprocessing and multithreading versions are
insignificant and could easily be reversed on a different run.

The key thing to remember from Table 4.2 is that we will achieve much faster
downloading using a concurrent approach, although the actual speedup will
vary from run to run and is sensitive to circumstances.

4.2.1. Using Queues and Threading

We will begin by looking at the whatsnew-q.py program, which uses multiple
threads and two thread-safe queues. One queue is a jobs queue, where each job
to do is a URL.The other queue is a results queue,where each result is a 2-tuple
holding either True and an HTML fragment to go into the HTML page being
built up, or False and an error message.

def main():

    limit, concurrency = handle_commandline()

    Qtrac.report("starting...")

    filename = os.path.join(os.path.dirname(__file__), "whatsnew.dat")

    jobs = queue.Queue()

    results = queue.Queue()

    create_threads(limit, jobs, results, concurrency)

    todo = add_jobs(filename, jobs)

    process(todo, jobs, results, concurrency)

www.it-ebooks.info

• Poiche’ la latenza della rete varia molto, la velocita` dei programmi puo` variare molto da un 
minimo di 2 fino ad un massimo di 10 o piu` volte, in base ai siti, la quantita` di dati scaricati
e la banda della connessione.

• In considerazione di cio`, le differenze tra la versione basata su multiprocessing e quella
basata su multithreading sono insignificanti.

• La cosa importante da ricordare e` che l’approccio concorrente permette di raggiungere
velocita` molto piu` elevate nonostante queste varino di esecuzione in esecuzione
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Informazioni sul pacchetto threading
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• Il modulo threading costruisce interfacce a piu` alto livello per il threading al di sopra
del modulo di basso livello _thread.
• La classe Thread rappresenta un’attivita` che viene eseguita in un thread separato. 
• Una volta creato un oggetto thread, si da` inizio alla sua attivita` invocando il metodo

start() che invoca il metodo run() del thread in un thread separato. 
• Una volta iniziata l’attivita` del thread, il thread viene considerato vivo fino al 

momento in cui non termina il suo metodo run() (anche se a causa di un’eccezione
non gestita)
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Informazioni sul pacchetto threading
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• Altri thread possono invocare il metodo join() di un thread. Cio`  blocca il thread che
invoca join() fino a quando non termina il thread il cui metodo join() e` stato
invocato.
• Il thread ha un attributo name il cui valore puo` essere passato al costruttore e letto

o modificato attraverso l’attributo name.
• I thread possono essere contrassegnati come daemon attraverso un flag. Se vi sono

solo thread daemon in esecuzione, si esce dall’intero programma. Il valore iniziale
del flag e` ereditato dal thread che crea il thread o puo` essere passato al 
costruttore.
• L’interfaccia di threading.Thread fornita e` simile a quella di multiprocessing.Process.
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Un'implementazione con code e threading
• Questo esempio usa thread multipli e due code thread-safe, una per i job (URL) e 

l’altra per i risultati (coppie contenenti True e un frammento HTML da includere
nella pagina HTML da costruire, oppure False e un messaggio di errore)
• La funzione main() comincia ricevendo dalla linea comando il massimo numero di  

elementi (limit)  da leggere da una data URL e un livello di concorrenza
(concurrency). 
• La funzione handle_commandline() pone il  valore della concorrenza pari a 4 volte il numero

di core (si sceglie un multiplo del numero di core, dal momento che il programma e` I/O 
bound.) 
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Table 4.2 Download speed comparisons

Program Concurrency Seconds Speedup

whatsnew.py None 172 Baseline

whatsnew-c.py 16 coroutines 180 0.96 ×

whatsnew-q-m.py 16 processes using a queue 45 3.82 ×

whatsnew-m.py 16 processes using a process pool 50 3.44 ×

whatsnew-q.py 16 threads using a queue 50 3.44 ×

whatsnew-t.py 16 threads using a thread pool 48 3.58×

gigapixel.py None 238 Baseline

gigapixel-q-m.py 16 processes using a queue 35 6.80 ×

gigapixel-m.py 16 processes using a process pool 42 5.67×

gigapixel-q.py 16 threads using a queue 37 6.43×

gigapixel-t.py 16 threads using a thread pool 37 6.43×

data downloaded,and the bandwidth of the network connection. In view of this,
the differences between the multiprocessing and multithreading versions are
insignificant and could easily be reversed on a different run.

The key thing to remember from Table 4.2 is that we will achieve much faster
downloading using a concurrent approach, although the actual speedup will
vary from run to run and is sensitive to circumstances.

4.2.1. Using Queues and Threading

We will begin by looking at the whatsnew-q.py program, which uses multiple
threads and two thread-safe queues. One queue is a jobs queue, where each job
to do is a URL.The other queue is a results queue,where each result is a 2-tuple
holding either True and an HTML fragment to go into the HTML page being
built up, or False and an error message.

def main():

    limit, concurrency = handle_commandline()

    Qtrac.report("starting...")

    filename = os.path.join(os.path.dirname(__file__), "whatsnew.dat")

    jobs = queue.Queue()

    results = queue.Queue()

    create_threads(limit, jobs, results, concurrency)

    todo = add_jobs(filename, jobs)

    process(todo, jobs, results, concurrency)
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• Il modulo queue implementa code che possono essere utilizzate da 
piu` entita`. 
• Sono particolarmente utili nel multithreading in quanto consentono a 

thread multipli di scambiarsi informazioni in modo sicuro. 
• Il modulo implementa tre tipi di code: FIFO, LIFO e Coda a priorita`. 
• Internamente queste code usano lock per bloccare temporaneamente 

thread in competizione tra loro. 
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Un'implementazione con code e threading
• La funzione poi riporta all’utente che sta cominciando a lavorare e mette in filename l’intero

percorso del file di dati contenente le URL. 

• Poi la funzione crea due code thread-safe e i thread worker.

• Una volta iniziati i thread worker (che sono bloccati perche’ non c’e` alcun lavoro da svolgere
ancora) vengono aggiunti i job alla coda dei job. 

• Si attende quindi nella funzione process() che i job vengano completati e poi vengono forniti in 
output i risultati. 
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Table 4.2 Download speed comparisons

Program Concurrency Seconds Speedup

whatsnew.py None 172 Baseline

whatsnew-c.py 16 coroutines 180 0.96 ×

whatsnew-q-m.py 16 processes using a queue 45 3.82 ×

whatsnew-m.py 16 processes using a process pool 50 3.44 ×

whatsnew-q.py 16 threads using a queue 50 3.44 ×

whatsnew-t.py 16 threads using a thread pool 48 3.58×

gigapixel.py None 238 Baseline

gigapixel-q-m.py 16 processes using a queue 35 6.80 ×

gigapixel-m.py 16 processes using a process pool 42 5.67×

gigapixel-q.py 16 threads using a queue 37 6.43×

gigapixel-t.py 16 threads using a thread pool 37 6.43×

data downloaded,and the bandwidth of the network connection. In view of this,
the differences between the multiprocessing and multithreading versions are
insignificant and could easily be reversed on a different run.

The key thing to remember from Table 4.2 is that we will achieve much faster
downloading using a concurrent approach, although the actual speedup will
vary from run to run and is sensitive to circumstances.

4.2.1. Using Queues and Threading

We will begin by looking at the whatsnew-q.py program, which uses multiple
threads and two thread-safe queues. One queue is a jobs queue, where each job
to do is a URL.The other queue is a results queue,where each result is a 2-tuple
holding either True and an HTML fragment to go into the HTML page being
built up, or False and an error message.

def main():

    limit, concurrency = handle_commandline()

    Qtrac.report("starting...")

    filename = os.path.join(os.path.dirname(__file__), "whatsnew.dat")

    jobs = queue.Queue()

    results = queue.Queue()

    create_threads(limit, jobs, results, concurrency)

    todo = add_jobs(filename, jobs)

    process(todo, jobs, results, concurrency)
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Un'implementazione con code e threading
• Questa funzione crea un numero di thread worker pari al valore specificato da 

concurrency e da` a ciascuno di questi thread una funzione worker da eseguire e 
gli argomenti con cui la funzione deve essere invocata. 
• Ciascun thread viene trasformato in thread daemon in modo che venga terminato

al termine del programma.
• Alla fine viene invocato start sul thread che si blocchera` in attesa di un job. In 

questa attesa sono solo i thread worker ad essere bloccati non il thread 
principale. 
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The main() function orchestrates all the work. It begins by processing the
command line and getting a limit (the maximum number of news items to
read from a given URL) and a concurrency level for debugging and timing. The
program then reports to the user that it has started and gets the filename with
the full path of the data file that holds the URLs and their one-line titles.

Next, the function creates the two thread-safe queues and the worker threads.
Once all the worker threads have been started (and, of course, they are all
blocked because there is no work yet),we add all the jobs to the job queue. Final-
ly, in the process() function, we wait for the jobs to be done and then output the
results. The program’s overall concurrency structure is illustrated in Figure 4.4
(! 158).

Incidentally, if we had a lot of jobs to add, or if adding each job was time-
consuming, we might be better off adding the jobs in a separate thread (or pro-
cess if using multiprocessing).

def handle_commandline():

    parser = argparse.ArgumentParser()

    parser.add_argument("-l", "--limit", type=int, default=0,

help="the maximum items per feed [default: unlimited]")

    parser.add_argument("-c", "--concurrency", type=int,
            default=multiprocessing.cpu_count() * 4,

help="specify the concurrency (for debugging and "

"timing) [default: %(default)d]")

    args = parser.parse_args()

return args.limit, args.concurrency

Since the “what’s new” programs are I/O-bound, we give them a default concur-
rency level that is a multiple of the number of cores—in this case, 4×."

def create_threads(limit, jobs, results, concurrency):

for _ in range(concurrency):
        thread = threading.Thread(target=worker, args=(limit, jobs,

                results))

        thread.daemon = True
        thread.start()

This function creates as many worker threads as the concurrency variable
specifies and gives each one a worker function to execute and the arguments the
function must be called with.

Just as with the processes we saw in the previous section, we dæmonize each
thread to ensure that it will be terminated when the programfinishes. We start

"Thismultiplewas chosen because it worked best in our tests. We recommend experimenting, since
setups differ.
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Un'implementazione con code e threading
• Questa e` la struttura del programma concorrente.
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Figure 4.4 Handling concurrent jobs and results with queues

each thread, and it is immediately blocked because there are no jobs to do, but
it is only the worker threads that are blocked, not the program’s main thread.

def worker(limit, jobs, results):

while True:
try:

            feed = jobs.get()

            ok, result = Feed.read(feed, limit)

if not ok:

                Qtrac.report(result, True)
elif result is not None:

                Qtrac.report("read {}".format(result[0][4:-6]))

                results.put(result)

finally:
            jobs.task_done()

We have made the worker function execute an infinite loop, since it is a dæmon,
and therefore it will be terminated by the program when the program has
finished.

The function blocks waiting to get a job from the jobs queue. As soon as it gets
a job it uses the custom Feed.py module’s Feed.read() function to read the file
identified by the URL. All the “what’s new” programs rely on a custom Feed.py
module to provide an iterator for the jobs file and a reader for each RSS feed.
If the read fails, ok is False and we print the result (which is an error message).
Otherwise, providing we got a result (a list of HTML strings), we print the first
item (stripping off the HTML tags) and add the result to the results queue.

For queues that we plan to join, it is essential that for every queue.Queue.get()
call, we have a corresponding queue.Queue.task_done() call. We have ensured
that this will happen by using a try … finally block.!

! Note that although the queue.Queue class is a thread-safe joinable queue, the multiprocessing
equivalent is the multiprocessing.JoinableQueue class, not the multiprocessing.Queue class.
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Un'implementazione con code e threading
• La funzione Feed.iter() restituisce ciascun feed come una coppia (title, url) che

viene aggiunta alla coda jobs. Alla fine viene restituito il numero di job.  
• In questo caso la funzione avrebbe potuto restituire lo stesso valore invocando

jobs.qsize() piuttosto che computare direttamente il numero di job. Se pero` 
add_jobs() fosse stato eseguito nel suo proprio thread allora il valore restituito da 
qsize() non sarebbe stato attendibile dal momento che i job sarebbero stati
prelevati nello stesso momento in cui venivano aggiunti.
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def add_jobs(filename, jobs):

for todo, feed in enumerate(Feed.iter(filename), start=1):

        jobs.put(feed)

return todo

Each feed is returned by the Feed.iter() function as a (title, url) 2-tuple that
is added to the jobs queue. And at the end, the total number of jobs to do
is returned.

In this case, we could have safely returned jobs.qsize() rather than kept track
of the total to do ourselves. However, if we were to execute add_jobs() in its
own thread, using queue.Queue.qsize()would not be reliable, since jobswould be
taken off at the same time as they were added.

Feed = collections.namedtuple("Feed", "title url")

def iter(filename):
    name = None

with open(filename, "rt", encoding="utf-8") as file:

for line in file:

            line = line.rstrip()

if not line or line.startswith("#"):

continue
if name is None:

                name = line

else:
yield Feed(name, line)

                name = None

This is the Feed.py module’s Feed.iter() function. The whatsnew.dat file is ex-
pected to be a UTF-8-encoded plain-text file that contains two lines per feed: a
title line (e.g., The Guardian - Technology) and, on the next line, the URL (e.g.,
http://feeds.pinboard.in/rss/u:guardiantech/). Blank lines and comment lines
(i.e., lines starting with #) are ignored.

def process(todo, jobs, results, concurrency):

    canceled = False
try:

        jobs.join() # Wait for all the work to be done

except KeyboardInterrupt: # May not work on Windows

        Qtrac.report("canceling...")

        canceled = True
if canceled:

        done = results.qsize()

else:
        done, filename = output(results)
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Un'implementazione con code e threading
• La funzione worker esegue un loop infinito. Il loop infinito termina sicuramente al termine del 

programma dal momento che il thread e` un daemon. 

• La funzione si blocca in attesa di prendere un job dalla coda dei job e non appena prende un job 
usa la funzione Feed.read() (del modulo Feed.py) per leggere il file identificato dalla URL. 

• Se la read fallisce, il flag ok e` False e viene stampato il risultato che e` un messaggio di errore. 
Altrimenti, sempre che il programma ottenga un risultato (una lista di stringhe HTML), viene
stampato il primo elemento (privato dei tag HTML) e aggiunto il risultato alla coda dei risultati.  

• Il blocco try ... finally garantisce che jobs.task_done() venga invocato ogni volta che che viene
invocato queue.Queue.get() call.
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Figure 4.4 Handling concurrent jobs and results with queues

each thread, and it is immediately blocked because there are no jobs to do, but
it is only the worker threads that are blocked, not the program’s main thread.

def worker(limit, jobs, results):

while True:
try:

            feed = jobs.get()

            ok, result = Feed.read(feed, limit)

if not ok:

                Qtrac.report(result, True)
elif result is not None:

                Qtrac.report("read {}".format(result[0][4:-6]))

                results.put(result)

finally:
            jobs.task_done()

We have made the worker function execute an infinite loop, since it is a dæmon,
and therefore it will be terminated by the program when the program has
finished.

The function blocks waiting to get a job from the jobs queue. As soon as it gets
a job it uses the custom Feed.py module’s Feed.read() function to read the file
identified by the URL. All the “what’s new” programs rely on a custom Feed.py
module to provide an iterator for the jobs file and a reader for each RSS feed.
If the read fails, ok is False and we print the result (which is an error message).
Otherwise, providing we got a result (a list of HTML strings), we print the first
item (stripping off the HTML tags) and add the result to the results queue.

For queues that we plan to join, it is essential that for every queue.Queue.get()
call, we have a corresponding queue.Queue.task_done() call. We have ensured
that this will happen by using a try … finally block.!

! Note that although the queue.Queue class is a thread-safe joinable queue, the multiprocessing
equivalent is the multiprocessing.JoinableQueue class, not the multiprocessing.Queue class.
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La funzione Feed.read() legge una 
data URL (feed) e tenta di farne il
parsing. Se il parsing ha successo, la 
funzione restituisce True insieme ad 
una lista di frammenti HTML. 
Altrimenti, restituisce False insieme
a  None o a un messaggio di errore. 
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Un'implementazione con code e threading
• Questa funzione viene invocata una volta che i thread sono stati creati e i job aggiunti alla coda. 

Essa invoca queue.Queue.join() che si blocca fino a quando la coda non si svuota, cioe` fino a che
non vengono eseguiti tutti i job o l’utente non cancella l’esecuzione.

• Se l’utente non cancella l’esecuzione, viene invocata la funzione output() per scrivere nel file 
HTML le liste di link e poi viene stampato un report con la funzione Qtrac.report().

• Alla fine la funzione open() del modulo webbrowser viene invocata sul file HTML per aprirlo nel
browser di default. 
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def process(todo, jobs, results, concurrency):
canceled = False
try:

jobs.join() # Wait for all the work to be done
except KeyboardInterrupt: 

Qtrac.report("canceling...")
canceled = True

if canceled:
done = results.qsize()

else:
done, filename = output(results)

Qtrac.report("read {}/{} feeds using {} threads{}".format(done, todo,
concurrency, " [canceled]" if canceled else ""))

print()
if not canceled:

webbrowser.open(filename)

La funzione output() crea un file 
whatsnew.html e lo popola con i titoli dei 
feed e con i loro link. Queste informazioni 
sono presenti nei result all’interno della 
coda results. Ogni result contiene una lista 
di frammenti HTML (un titolo seguito da 
uno o piu` link). 
Al termine output() restituisce il numero di 
result (numero di jobs terminati con 
successo) e il nome del file HTML creato. 
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Un'implementazione che usa  Futures e 
threading
• La funzione main crea un insieme di future inizialmente vuoto e poi crea un esecutore di un pool 

di thread che lavora allo stesso modo di un esecutore di un pool di processi.

• Per ogni feed, viene creato un nuovo future invocando il metodo
concurrent.futures.ThreadPoolExecutor.submit() che eseguira` la funzione Feed.read() sulla URL 
del feed e restituira` al piu` un numero di link pari a limit. 
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def main():

    limit, concurrency = handle_commandline()

    Qtrac.report("starting...")

    filename = os.path.join(os.path.dirname(__file__), "whatsnew.dat")

    futures = set()
with concurrent.futures.ThreadPoolExecutor(

            max_workers=concurrency) as executor:

for feed in Feed.iter(filename):

            future = executor.submit(Feed.read, feed, limit)

            futures.add(future)

        done, filename, canceled = process(futures)

if canceled:

            executor.shutdown()

    Qtrac.report("read {}/{} feeds using {} threads{}".format(done,

len(futures), concurrency, " [canceled]" if canceled else ""))

print()
if not canceled:

        webbrowser.open(filename)

This function creates an initially empty set of futures and then creates a thread
pool executor that works just the same as a process pool executor, except that it
uses separate threads rather than separate processes. Within the context of the
executor, we iterate over the data file, and for each feed, we create a new future
(using the concurrent.futures.ThreadPoolExecutor.submit() method) that will
execute the Feed.read() function on the given feedURL, returning at most limit
links. We then add the future to the set of futures.

Once all the futures have been created,we call a custom process() function that
will wait until all the futures have finished (or until the user cancels). Then,
a summary of results is printed, and if the user didn’t cancel, the generated
HTML page is opened in the user’s web browser.

def process(futures):

    canceled = False
    done = 0

    filename = os.path.join(tempfile.gettempdir(), "whatsnew.html")

with open(filename, "wt", encoding="utf-8") as file:

        file.write("<!doctype html>\n")

        file.write("<html><head><title>What's New</title></head>\n")

        file.write("<body><h1>What's New</h1>\n")

        canceled, results = wait_for(futures)

if not canceled:

for result in (result for ok, result in results if ok and
                    result is not None):
                done += 1
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Un'implementazione che usa  Futures e 
threading
• Ciascun future creato viene aggiunto al pool  futures con add(). 

• Una volta che i future sono stati creati, viene invocata la funzione process() che aspettera` fino a 
quando non vengono terminati tutti i future o fino a quando l’utente non cancella l’esecuzione. 

• Alla fine viene stampato un sunto e se l’utente non ha cancellato l’esecuzione, la pagina HTML 
generata viene aperta nel browser dell’utente.

ptg11539634

162 Chapter 4. High-Level Concurrency in Python

def main():

    limit, concurrency = handle_commandline()

    Qtrac.report("starting...")

    filename = os.path.join(os.path.dirname(__file__), "whatsnew.dat")

    futures = set()
with concurrent.futures.ThreadPoolExecutor(

            max_workers=concurrency) as executor:

for feed in Feed.iter(filename):

            future = executor.submit(Feed.read, feed, limit)

            futures.add(future)

        done, filename, canceled = process(futures)

if canceled:

            executor.shutdown()

    Qtrac.report("read {}/{} feeds using {} threads{}".format(done,

len(futures), concurrency, " [canceled]" if canceled else ""))

print()
if not canceled:

        webbrowser.open(filename)

This function creates an initially empty set of futures and then creates a thread
pool executor that works just the same as a process pool executor, except that it
uses separate threads rather than separate processes. Within the context of the
executor, we iterate over the data file, and for each feed, we create a new future
(using the concurrent.futures.ThreadPoolExecutor.submit() method) that will
execute the Feed.read() function on the given feedURL, returning at most limit
links. We then add the future to the set of futures.

Once all the futures have been created,we call a custom process() function that
will wait until all the futures have finished (or until the user cancels). Then,
a summary of results is printed, and if the user didn’t cancel, the generated
HTML page is opened in the user’s web browser.

def process(futures):

    canceled = False
    done = 0

    filename = os.path.join(tempfile.gettempdir(), "whatsnew.html")

with open(filename, "wt", encoding="utf-8") as file:

        file.write("<!doctype html>\n")

        file.write("<html><head><title>What's New</title></head>\n")

        file.write("<body><h1>What's New</h1>\n")

        canceled, results = wait_for(futures)

if not canceled:

for result in (result for ok, result in results if ok and
                    result is not None):
                done += 1
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def main():

    limit, concurrency = handle_commandline()

    Qtrac.report("starting...")

    filename = os.path.join(os.path.dirname(__file__), "whatsnew.dat")

    futures = set()
with concurrent.futures.ThreadPoolExecutor(

            max_workers=concurrency) as executor:

for feed in Feed.iter(filename):

            future = executor.submit(Feed.read, feed, limit)

            futures.add(future)

        done, filename, canceled = process(futures)

if canceled:

            executor.shutdown()

    Qtrac.report("read {}/{} feeds using {} threads{}".format(done,

len(futures), concurrency, " [canceled]" if canceled else ""))

print()
if not canceled:

        webbrowser.open(filename)

This function creates an initially empty set of futures and then creates a thread
pool executor that works just the same as a process pool executor, except that it
uses separate threads rather than separate processes. Within the context of the
executor, we iterate over the data file, and for each feed, we create a new future
(using the concurrent.futures.ThreadPoolExecutor.submit() method) that will
execute the Feed.read() function on the given feedURL, returning at most limit
links. We then add the future to the set of futures.

Once all the futures have been created,we call a custom process() function that
will wait until all the futures have finished (or until the user cancels). Then,
a summary of results is printed, and if the user didn’t cancel, the generated
HTML page is opened in the user’s web browser.

def process(futures):

    canceled = False
    done = 0

    filename = os.path.join(tempfile.gettempdir(), "whatsnew.html")

with open(filename, "wt", encoding="utf-8") as file:

        file.write("<!doctype html>\n")

        file.write("<html><head><title>What's New</title></head>\n")

        file.write("<body><h1>What's New</h1>\n")

        canceled, results = wait_for(futures)

if not canceled:

for result in (result for ok, result in results if ok and
                    result is not None):
                done += 1
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for item in result:

                    file.write(item)

else:
            done = sum(1 for ok, result in results if ok and result is not

None)
        file.write("</body></html>\n")

return done, filename, canceled

This function writes the start of the HTML file and then calls a custom
wait_for() function to wait for all the work to be done. If the user didn’t cancel,
the function iterates over the results (which are True, list or False, str or False,
None 2-tuples), and for those with lists (which consist of a title followed by one or
more links), the items are written to the HTML file.

If the user canceled, we simply calculate how many feeds were successfully
read. In either case, we return the number of feeds read, the HTML file’s
filename, and whether the user canceled.

def wait_for(futures):

    canceled = False
    results = []

try:
for future in concurrent.futures.as_completed(futures):

            err = future.exception()

if err is None:
                ok, result = future.result()

if not ok:

                    Qtrac.report(result, True)
elif result is not None:

                    Qtrac.report("read {}".format(result[0][4:-6]))

                results.append((ok, result))

else:
raise err # Unanticipated

except KeyboardInterrupt:

        Qtrac.report("canceling...")

        canceled = True
for future in futures:

            future.cancel()

return canceled, results

This function iterates over the futures, blocking until one is finished or canceled.
Once a future is received, the function reports an error or a successfully read
feed as appropriate,and in either case appends the Boolean and the result (a list
of strings or an error string) to a list of results.
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Un'implementazione che usa  Futures e 
threading

• Questa funzione scrive l’inizio del file 
HTML e poi invoca la funzione wait_for() 
per aspettare che il lavoro venga fatto. 

• Se l’utente non cancella l’esecuzione, la 
funzione itera sui risultati (le coppie gia` 
descritte) e per quelli che contengono
una lista (che consiste di  titoli, ciascuno
seguito da uno  o piu` link) gli elementi
della lista vengono scritti nel file HTML. 

• Se l’utente cancella l’esecuzione, la 
funzione calcola semplicemente quanti
feed sono stati letti con successo. 

• In ogni caso, la funzione restituisce il 
numero di feed letti, il nome del file e 
True o False a seconda che l’utente abbia
cancellato o meno l’esecuzione.
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Un'implementazione che usa  Futures e 
threading
• Questa funzione itera sui 

future, bloccandosi fino a 
quando uno di essi non termina
o e` cancellato.

• Una volta ricevuto un future la 
funzione riporta un errore o un 
successo e in entrambi i casi
appende il Booleano e il
risultato (una lista di stringhe o 
una stringa errore ) ad una lista
di risultati.
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for item in result:

                    file.write(item)

else:
            done = sum(1 for ok, result in results if ok and result is not

None)
        file.write("</body></html>\n")

return done, filename, canceled

This function writes the start of the HTML file and then calls a custom
wait_for() function to wait for all the work to be done. If the user didn’t cancel,
the function iterates over the results (which are True, list or False, str or False,
None 2-tuples), and for those with lists (which consist of a title followed by one or
more links), the items are written to the HTML file.

If the user canceled, we simply calculate how many feeds were successfully
read. In either case, we return the number of feeds read, the HTML file’s
filename, and whether the user canceled.

def wait_for(futures):

    canceled = False
    results = []

try:
for future in concurrent.futures.as_completed(futures):

            err = future.exception()

if err is None:
                ok, result = future.result()

if not ok:

                    Qtrac.report(result, True)
elif result is not None:

                    Qtrac.report("read {}".format(result[0][4:-6]))

                results.append((ok, result))

else:
raise err # Unanticipated

except KeyboardInterrupt:

        Qtrac.report("canceling...")

        canceled = True
for future in futures:

            future.cancel()

return canceled, results

This function iterates over the futures, blocking until one is finished or canceled.
Once a future is received, the function reports an error or a successfully read
feed as appropriate,and in either case appends the Boolean and the result (a list
of strings or an error string) to a list of results.
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Oggetti condivisi
È possibile creare oggetti condivisi usando memoria condivisa che puo` essere ereditata dai
processi figlio. 
multiprocessing.Value(typecode_or_type, *args, lock=True) 

• Restituisce un oggetto ctypes allocato dalla memoria condivisa. 
• Si puo` accedere all’oggetto mediante l’attributo value di un Value.
• typecode_or_type determina il tipo dell’oggetto restituito: puo` essere un tipo ctypes

o un carattere (typecode) del genere usato dal modulo array 
(https://docs.python.org/3/library/array.html )
• ctypes è una libreria di funzioni che fornisce tipi di dati compatibili con C

• esempi: c_int, c_long.
• *args è passato al costruttore per il tipo.
• Se lock e` True (valore di  default) allora viene creato un nuovo lock ricorsivo (di tipo

RLock) per sincronizzare l’accesso al valore. Se lock è False l’oggetto restituito non 
sara`  automaticamente protetto da un lock e quindi non sara` necesssariamente
process-safe. 
• i lock di tipo RLock possono essere acquisiti piu` volte da uno stesso thread e possono essere

usati negli statement with
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Oggetti condivisi
N.B. 
• Operazioni quali += che coinvolgono un’operazione di lettura ed una 

di scrittura non sono atomiche. Se quindi vogliamo per esempio
incrementare un valore condiviso non è sufficiente scrivere
counter.value += 1 
• Assumendo che il lock associato sia ricorsivo (lo è per default), esso

supporta il protocollo del  context manager e possiamo scrivere
with counter.get_lock(): 

counter.value += 1
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Oggetti condivisi
• multiprocessing.Array(typecode_or_type, size_or_initializer, *, lock=True)
• Restituisce un array di ctypes allocato dalla memoria condivisa
• typecode_or_type determina il tipo dell’oggetto restituito: puo` essere un 

tipo ctypes o un carattere (typecode) del genere usato dal modulo array 
(https://docs.python.org/3/library/array.html )
• Se size_or_initializer è un intero allora esso determina la lunghezza dell’array

e l’array inizialmente conterra` solo zeri. In alternativa size_or_initializer è una 
sequenza usata per inizializzare l’array e la lunghezza dell’array è fissata dalla
lunghezza della sequenza. 
• Se lock è True (il valore default) allora viene creato un nuovo oggetto lock  

per sincronizzare l’accesso all’array. .Se lock è False l’oggetto restituito non 
sara`  automaticamente protetto da un lock e quindi non sara` 
necesssariamente process-safe. 
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