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Tong quan

* Lap trinh song song v&i Python c6 thé ti€p cin theo
cac cach nhu:
— Dung thw vién cta ctia Python
* Threading, multiprocessing
— Dung ScientificPython
* Scientific.BSP
* Scientific.DistributiedComputing
— [Python
* Interactive shell for working with clusters
— Khac
* pyMPI, mpi4py, pypar
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* D€ kiém tra ciu hinh ctia may, str dung gai platform
(sysinfor.py)

import platform
import multiprocessing as mp

# Subroutine

def print_sysinfo():
print('Python version:', platform.python_ version())
print('compiler . platform.python_compiler())
print('system , platform.system())
print('release , platform.release())
print('machine :', platform.machine())
print('processor , platform.processor())
print('CPU count , mp.cpu_count())
print('interpreter:', platform.architecture()[0])
print(‘\n\n')

# To running
print_sysinfo()




* D& biét s6 core ctia may, str dung goi
multiprocessing
import multiprocessing as mp
¥ Subroutine
def print_sysinfo():

print('CPU count :', mp.cpu_count())
print('\n\n"')

Dr. Tran Van Lang, Assoc. Prof. in Computer Science

* Mot sO két qua thir nghiém

Lion:parallel tang$ python3 sysinfor.py
Python version: 3.6.5

compiler : GCC 4.2.1 (Apple Inc. build 5666) (dot 3)

system : Darwin

release ¢ d7:5.8

machine : x86_64

processor : 386 [iami.langtv@gpu parallell$ vi sysinfor.py

CPU count : 4 [iami.langtv@gpu parallell$ python sysinfor.py

interpreter: 64bit ('Python version:', '2.6.6')
('compiler :', 'GCC 4.4.7 20120313 (Red Hat 4.4.7-17)')
(*system : 'Linux')

('release 5 '2.6.32-431.29.2.e16.x86_64")
(*machine & 'x86_64")

('processor : 'x86_64")

("CPU count : 24)

('interpreter: '64bit')
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* Dé biét tén va dia chi IP cia may (hostname.py)

import socket

hn = socket.gethostname()
ip socket.gethostbyname(hn)
print( "Host name is %s, and IP Address is %s" % (hn,ip) )

1}
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* Dé do thoi gian thyrc thi, ding ham time() c6 trong
gobi time (elapsetime.py)

import time

start = time.time()

X =0

while x < 10000000:
X +=1

end = time.time()

print( "Elapse time is:", end - start, "seconds"|)

C6 thé coi thém tai https://www.tutorialspoint.com/python/python_date_time.htm
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Thread va Process

* Process (tién trinh) la mét thwc thé (instance) cua
chwong trinh may tinh.

* Tién trinh sinh ra cac Threads (lu6ng) hay con goi la
sub-processes (ti€u tién trinh) dé xi ly cac nhiém vu
phu. Chang han, doc cac phim dwoc nhin
(keystrokes), hién thi ky tw vira doc 1én man hinh, nap
mot trang van ban tir dia vao bé nhé sau dé hién thi
1én man hinh, ghi tap tin vao dia, ...

* Threads ton tai (live) bén trong tién trinh va chia sé
cung khong gian bd nhé cia Process.
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* Vi duy, khi m& mdét rng dung soan thao van ban; cé
nghia la chung ta tao ra moét Process.
* Khi bat dau nhap, Process sinh ra cac Threads chang
han nhu:
— doc cac phim bAm
— hién thi vdn ban
— tw dong lwu tap tin lai
— lam n6i bat (highlight) cac 16i chinh ta khi nhap

Dr. Tran Van Lang, Assoc. Prof. in Computer Science

* Bang cach sinh ra nhiéu Thread, Chwong trinh soan
thdo van ban tin dung thoi gian nhan réi cia CPU
(ch¢ doi cac phim bAm hodc tai tip tin vé) qua do
lam cho céng viéc c6 ndang suit hon.
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* Nhuw viy vé viéc str dung b6 nhé: Threads va
Processes la khac nhau:

— Threads dung shared-memory, trong khi do
Processes thi cé thé khong.

— Sw déng bo hoa vé dir liéu 1a can thiét d6i voi cac
Threads, nhwng vé&i Processes la ¢6 thé khéng can
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Process

* Mot Process c6 thé c¢6 nhiéu Thread

* Process dwoc tao ra boi hé diéu hanh dé thuc thi
chwong trinh

* Hai Process c6 thé thi hanh dong thoi mot doan code
trong chwong trinh Python

* Khi mé va dong Process ton nhiéu thoi gian hon so
véi me dong Thread

* Trong trweong hop khong chia sé khong gian bo nho,
thi viéc chia sé thong tin giita cac Process cham hon
gitra cac Thread
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Threads

* Thread nhw l1a nhirng tién trinh nhé (mini-
processes) ton tai bén trong Process

* Thread chia sé khong gian bo nhé nén cac bién dwoc
dung chung trong viéc doc ghi

* Hai Threads khéng thé thwc thi dong thoi cing méot
doan code trong chwong trinh Python
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Vi du vé sw khac nhau
* Ham (myFunc) xuat ID cua thread dang hoat dong.
* Khi goi ham nay nhiéu Ian, ID nay dworc lwu trit lai

trong mot mang toan cuc A.

import threading
import time
import random

A= [}
print( "Length of A = $d. Thread ID: %d" % (len(A),threading.get_ident()) )
print( "A =", A )

def myFunc(n):
s = random.randint( 1,3 )
time.sleep( s )
m = threading.get_ident()
A.append( m )
print( "n = %2d. Time to sleep = $d. Th.ID: %d. Main Th.ID: %d"
% (n,s,m,threading.main_thread().ident) )
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* Kich hoat 10 lan dé cho Thead goi ham myFunc() da
tao o trén.

* Viéc két thic mot thread dé chuyén sang thread
khac la khong dat ra ngay khi mot thread dworc start;
chinh vi vy cac thread can dwoc lwu trit vao trong
mang th dé s dung vé sau.

th = [ ]
for i in range(10):
t = threading.Thread( target = myFunc, args=(i,) )

th.append( t )
t.start()
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* Sau dé mé&i lan lwot doi cho cac thread nay hoan
thanh cong viéc bang ham join().

* Sau khi xong, két qua c6 trong bién toan cuc A dwoc
xultra

for i in th:
i.join() # Waiting for all threads to terminate

print( "Length of A = %d. Thread ID: %d" % (len(A),threading.get_ident()) )
print( "A =", A )
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Két qua thwc thi chwong trinh véi Thread

Lion:nttu lang$ python3 ThreadProcess.py
Length of A = 8. Thread ID: 140735566779264

A =[]

n= 0. Time to sleep = 1. Th.ID: 123145378865152. Main Th.ID: 140735566779264
n= 2. Time to sleep = 1. Th.ID: 123145389375488. Main Th.ID: 140735566779264
n = 3. Time to sleep = 1. Th.ID: 123145394630656. Main Th.ID: 140735566779264
n = 7. Time to sleep = 2. Th.ID: 123145415651328. Main Th.ID: 140735566779264
n = 4. Time to sleep = 2. Th.ID: 123145399885824. Main Th.ID: 140735566779264
n= 9. Time to sleep = 2. Th.ID: 123145426161664. Main Th.ID: 140735566779264
n= 1. Time to sleep = 3. Th.ID: 123145384120320. Main Th.ID: 140735566779264
n = 5. Time to sleep = 3. Th.ID: 1231454085140992. Main Th.ID: 140735566779264
n = 8. Time to sleep = 3. Th.ID: 123145428906496. Main Th.ID: 140735566779264
n= 6. Time to sleep = 3. Th.ID: 123145418396160. Main Th.ID: 140735566779264

Length of A = 10. Thread ID: 148735566779264

A = [123145378865152, 123145389375488, 123145394630656, 123145415651328, 123145
399885824, 123145426161664, 123145384128328, 1231454085140992, 123145410396160,
1231454209064961]

Lion:nttu lang$ -

Dr. Tran Van Lang, Assoc. Prof. in Computer Science

Nhéan xét

* Do thoi gian sleep khac nhau, nén cac thread két
thic khong giéng nhau, dan dén thir tw cong viéc
khong theo thir tw ctia cau 1énh 1ap for

* Thread theo co ché st dung b6 nh& chia sé, nén bién
A c6 hiéu lyc trong thread (ID...64) chinh va cac
thread khac (ID...52, ID...88, ..., ID...60). Vi vdy mang
A ban dAu rong, sau khi thuc hién mang A gdbm 10
phan tir 1a cac Thread ID.
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* Nhuw viy, bién toan cuc A dwoc s dung chung gitra
cac thread véi nhau (shared-memory)

* V&i chwong trinh nhw trén; nhwng thay vi dung
Thread, dung Process thi bién toan cuc A nay
khong tac dong gitra cac process

* Can import

import multiprocessing
import time

import random
import os
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* Ham dé cac process thuc hién

st S
print( "Length of A = $d. Process ID: %d" % (len(A),os.getpid()) )
print( "A =", A )

def myFunc(n):
s = random.randint( 1,3 )
time.sleep(s)
p = os.getpid()
pp = os.getppid()
‘A.append( p )
print( "n = %d. Time to sleep = %d. Process ID: %d.
Parent Process ID: %d" % (n,s,p,pp) )
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* Thuc thi tit ca cic process

pr = [ ]

for i in range( 10 ):
“t = multiprocessing.Process( target = myFunc, args=(i,) )
pr.append( t )
t.start()

for i in pr:
i.join()

print( "Length of A = $d. ProcessID: %d" % (len(A),os.getpid()) )
print( "A =", A )
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Két qua thwc thi chwong trinh véi Process

Lion:nttu lang$ python3 ThreadProcess.py
Length of A = 0. Process ID: 22873
A=1[]

. Time to sleep
Time to sleep
Time to sleep
Time to sleep
Time to sleep
Time to sleep
Time to sleep
Time to sleep

Process ID: 22877. Parent Process ID: 22873
Process ID: 22881. Parent Process ID: 22873
Process ID: 22880. Parent Process ID: 22873
Process ID: 22883. Parent Process ID: 22873
Process ID: 22874. Parent Process ID: 22873
Process ID: 22875. Parent Process ID: 22873
Process ID: 22876. Parent Process ID: 22873
Process ID: 22878. Parent Process ID: 22873
Time to sleep Process ID: 22879. Parent Process ID: 22873
. Time to sleep . Process ID: 22882. Parent Process ID: 22873
ength of A = 0. ProcessID: 22873

A=1[]

Lion:nttu lang$ _
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Luwuy

* Dung Process nhwng dé c6 két qua nhw Thread, can
phai lwu gia tri vao trong mot hang doi bang cach
khai bdo bién Q = Queue().

* Sau dé day két qua can lwu vao trong hang doi nay.
Chang han, Q.put( os.getpid() ).

* Cuoi cung, dé xuit ra va dwa vao mang A qua lénh
A.append( Q.get() )

Dr. Tran Van Lang, Assoc. Prof. in Computer Science 2




* Chwong trinh viét lai nhu sau

import multiprocessing

import time

import random

import os

from multiprocessing import Queue

A=11]

print( "Length of A = %d. Process ID: %d" % (len(A),os.getpid()) )

print( "aA =", A )

Q = Queue()
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def myFunc( n ):
s = random.randint( 1,3 )
‘time.sleep(s)
p = os.getpid()
pp = os.getppid()
‘Q.put( p )
print( "n = %d. Time to sleep = %d. Process ID: %d.
Parent Process ID: %¥d" % (n,s,p,pp) )
pr = [ ]
for i in range( 10 ):
‘t = multiprocessing.Process( target = myFunc, args=(i,) )
pr.append( t )
t.start()
for i in pr:
“i.join()
while not Q.empty():
A.append( Q.get() )

print( "Length of A = $%d. ProcessID: %d" % (len(A),os.getpid()) )

print( "A =", A )
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Két qua

Lion:nttu lang$ python3 Process2.py
Length of A = @. Process ID: 23478

A=1]

n=1. Time to sleep = 1. Process ID: 23480.
n = 6. Time to sleep = 1. Process ID: 23485.
n =7. Time to sleep = 1. Process ID: 23486.
n = 0. Time to sleep = 2. Process ID: 23479.
n = 2. Time to sleep = 2. Process ID: 23481.
n = 3. Time to sleep = 2. Process ID: 23482.
n = 4. Time to sleep = 2. Process ID: 23483.
n = 5. Time to sleep = 2. Process ID: 23484.
n = 8. Time to sleep = 2. Process ID: 23487.
n = 9. Time to sleep = 3. Process ID: 23488.

Length of A = 10. ProcessID: 23478

A = [23480, 23485, 23486, 23479, 23481, 23482, 23483, 23484, 23487, 23488]

Lion:nttu lang$

Parent
Parent
Parent
Parent
Parent
Parent
Parent
Parent
Parent
Parent

Process
Process
Process
Process
Process
Process
Process
Process
Process
Process
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ID:
ID:
ID:
ID:
ID:
ID:
ID:
ID:
ID:
ID:

23478
23478
23478
23478
23478
23478
23478
23478
23478
23478
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Song song dir lieu

* multiprocessing 1a mot goi cac API ho tro dé phat
sinh cac Process; qua dé gitp tin dung dwoc nhiéu
bd xt ly dé viét chwong trinh.

* Gia st c6 mot cong viéc (viét duwdi dang mot ham)
dwoc thwe hién trén nhiéu dir liéu khac nhau (Data
Parallelism).
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* Vi du: Can tinh can bic 2 cua 3 s6.
* CAc cau lénh tuin tw c6 thé viét nhw sau:

import math

HUBHBUBHHH
# Function to calculate square root
def g(x):
return math.sqrt(x)
AR BB

forx im i1, 2; 3l:
print( g(x) )
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* Hodc nhuw sau v&éi ham map()

import math

HERBBHHBHH
# Function to calculate square root
def g(x):

return math.sqrt(x)
HEHBBHHBHH

print( map( g,[1, 2, 31 ) )
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* Khi cin giao cho nhiéu Process tinh, chiang han véi 3
Process:

import math
from multiprocessing import Pool

HEHHHARARY
# Function to calculate square root
def g(x):

return math.sqrt(x)
HAR RS HHHHH
p = Pool(3)

print( p.map(g,[1, 2, 3]) )
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* Trong d6, doi twong Pool cung cap mot phwong tién
dé song song hda viéc thwc hién mot ham qua nhiéu
gia tri dau vao, va phan phéi dir liéu dau vao cho cac
Process.
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* V&i ham nhiéu doi so.
* Vi du: Giai 3 phwong trinh bac I dang ax+b=0

def f(a,b):
print( "Phuong trinh %fx + %f = 0" %(a, b) )
if a != @:
x = —float(b)/a
s = "Phuong trinh co 1 nghiem la " + str(x)
else:
if b = 0:
s = "Phuong trinh vo nghiem"
else:
s = "Phuong trinh co vo so nghiem"
return s

print( map(f,[2,0,0],[3,1,01) )
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* Lwu y: khi dung v&i doi twong thudc 1ép Pool, ham
map() nay khong chuyén doi nhiéu doi sé duworc.

* D& thuan loi, c6 thé dung mot 16p Container, chang
han dung goéi collections d€ gom cac doi s6 cia ham
thanh mot nhom.

* Chang han, ham f(a,b) c6 2 déi s6 d€ giai phwong
trinh bac nhat nhw trén, ¢ thé viét lai thanh mot doéi
s6 f(item)
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def f( item ):
print( "Phuong trinh %fx + %f = 0" %(item.a, item.b) )
if item.a != 0:

x = —-float(item.b)/item.a
s = "Phuong trinh co 1 nghiem la " + str(x)
else:
if item.b != 0:
s = "Phuong trinh vo nghiem"
else:
s = "Phuong trinh co vo so nghiem"
return s
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* Trong d6, item c6 2 thanh phidnlaavab
* Khi str dung, phai tao ra ki€u doi sé nay:

import collections
Argument = collections.namedtuple( "Argument",['a','b'] )
args = (

Argument(a = 2, b = 3),
Argument(a = @, b = 1),
Argument(a = @, b = 09),
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* Khi str dung

# Thuc hién tudn tu
print( map(f,args) )

# Song song dir liéy|

from multiprocessing import Pool
p = Pool(3)

print( p.map(f,args) )
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# —»- coding: utf-8 —e-

# Function with multipe arguments with mapl)
# Author: A.Praf. Tran Van Lang

# Filenane: equationl.py

#

* C6 thé so sanh thoi

import collections

gian thuc hién cua R

chwong trinh song S S——
Y N Argunent(a = 2, 3)

song so v&i tuan tw i

)

qua vi du gidi phwon det #( 12en ):

=9
vhile x < 10909000:
pos

\ X 1
trlnh print| "Phuong trinh %fx + af = @* Sliten.a, iten.b) )
P ees ey if item.a I= B:
x = -float(item.b)/item.a
$ = "Phuong tring <o 1 nghiem: * + strix}

else:
if item.t 1= 0:
s = "Phugng trinh vo nghlen®
else:
5 = “Phuong trinh vo dinh®
return s

# Run tasks serially
]

= tine.tine|)
print| mapif,args) }
print( "Thoi gian tuln ty: %4.2f gidy" sltine.tinel) - start) )

# Data Parallelisn
*
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St dung Thread

* Dung lop Thread trong goi threading.

* Chang han, cin kich hoat mot Thread dé thuwc hién
cong viéc qua ham c6 san (gidi phwong trinh eql)

import myfunctions as mf
import threading as th

thread = th.Thread( target=mf.eqI, args=[2,3] )
thread.start()
thread.join()
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St dung Process

* Twong tw nhu Thread, c6 thé dung 1&6p Process
trong gbi multiprocessing dé thwc thi ham eql()

import myfunctions as mf
import multiprocessing as mp

thread = mp.Process( target=mf.eql, args=[2,3] )
thread.start()
thread.join()

* Véi két qua

Lion:parallel lang$ python ex_thread.py
Phuong trinh 2.00x + 3.00 = ©
Phuong trinh co 1 nghiem: -1.5
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Threads va Processes

* Gid st c6 mét chwong trinh chi cho cho hét thoi gian
(dit tén 14 sleeping()), khong thuc hién bat ky tinh
toan nao nhw sau:

def sleeping():
print("Parent process: %s, PID: %s, Process name: %s, Thread name: %s" % (
os.getppid(),
os.getpid(),

mp.current_process().name,
th.current_thread().name)

)
time.sleep(1)
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* Néu run chwong trinh nay trén tit ca cic Thread ctia
may qua vi du:

# Run tasks using threads

start = time.time()

threads = [th.Thread(target=mf.sleeping) for _ in range(NUM_WORKERS) ]
[thread.start() for thread in threads]

[thread.join() for thread in threads]

print( "==> Threads time: %5.2f secs" %(time.time() - start) )
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4 lan goi

* Thi thoi
nhat:

ian thwc thi la thoi gian cia Thread lau

Parent process: 5902,
Parent process: 5902,
Parent process: 5902,

==> Serial time: 4.81 secs
Parent process: 5982, PID: 6269,\Process name: MainProcess, Thread name: Thread-1
Parent process: 5982, PID. 6269, Process name: MainProcess, Thread name: Thread-2
Parent process: 5902, PID:; 6269, Process name: MainProcess, Thread name: Thread-3
Parent process: 5902, PID:\6269,/Process name: MainProcess, Thread name: Thread-4
==> Threads time: 1.01 fecs

Cac Threads cua Process 6269
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PID: 6269, Process name: MainProcess, Thread name: MainThread
PID: 6269, Process name: MainProcess, Thread name: MainThread
PID: 6269, Process name: MainProcess, Thread name: MainThread
Parent process: 5982, |PID: 6269, Process name: MainProcess, Thread name: MainThread

* Néu run chwong trinh nay trén tat ca cac Process,
moi Process str dung Thread chinh:

# Run tasks using processes

start = time.time()

processes = [mp.Process(target=mf.sleeping) for _ in range(NUM_WORKERS) ]
[process.start() for process in processes]

[process.join() for process in processes]

print( "==> Parallel time: %5.2f secs" %(time.time() - start) )

Dr. Tran Van Lang, Assoc. Prof. in Computer Science 4




* Trong trwong hop nay, thoi gian thuc thi trén cac
Process ciing la thoi gian 1du nhat cia mot Process
nao dé trong cac Process duorc kich hoat

Parent process: 5902, PID: 6269, Process name: MainProcess, Thread name: Thread-1
Parent process: 5902, PID: 6269, Process name: MainProcess, Thread name: Thread-2
Parent process: 5902, PID: 6269, Process name: MainProcess, Thread name: Thread-3
Parent process: 5902, PID: 6269, Process name: MainProcess, Thread name: Thread-4
==> Threads time: 1.01 secs

Parent process: 6269, PID: 6272, Process name: Process-1, Thread name: MainThread
Parent process: 6269, PID: 6273, Process name: Process-2, Thread name: MainThread
Parent process: 6269, PID: 6274, Process name: Process—3, Thread name: MainThread
Parent process: 6269, PID: 6275, Process name: Process—4, Thread name: MainThread
==> Parallel time: 1.01 secs
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* Nhwng khi c6 mét chwong trinh c6 tinh toan (dat tén
la calculating())

def calculating():
print("Parent process: %s, PID: %s, Process name: %s, Thread name: %s" % (
os.getppid(),
os.getpid(),
mp.current_process().name,
th.current_thread().name )

X =0
while x < 10000000:
x +=1
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N\ = - - ? N\ N\ 14
* Thoi gian thuc thi cua Process va Thread la khac
biét:

Parent process: 6512, PID: 6524, Process name: MainProcess, Thread name: MainThread
Parent process: 6512, PID: 6524, Process name: MainProcess, Thread name: MainThread
Parent process: 6512, PID: 6524, Process name: MainProcess, Thread name: MainThread
Parent process: 6512, PID: 6524, Process name: MainProcess, Thread name: MainThread
==> Serial time: 2.85 secs

Parent process: 6512, PID: 6524, Process name: MainProcess, Thread name: Thread-1
Parent process: 6512, PID: 6524, Process name: MainProcess, Thread name: Thread-2

Parent process: 6512, PID: 6524, Process name: MainProcess, Thread name: Thread-3
Parent process: 6512, PID: 6524, Process name: MainProcess, Thread name: Thread-4
==> Threads time: 5.41 secs
Parent process: 6524, PID: 6527, Process name: Process-1, Thread name: MainThread
Parent process: 6524, PID: 6528, Process name: Process-2, Thread name: MainThread
Parent process: 6524, PID: 6529, Process name: Process-3, Thread name: MainThread
Parent process: 6524, PID: 6538, Process name: Process-4, Thread name: MainThread
==> Parallel time: 3.16 secs
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Truyén va nhin dir liéu

* Chwong trinh Python tao 2 Process, Master va Slave.

* Process Master giri mot mang 10 gia tri ngdu nhién
dén Process Slave

* Process Slave nhin va xuit ra man hinh
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* M6t sO import can thiét
from multiprocessing import Process, Pipe

import random
import os

« Ham Master() dé tao gia tri ngdu nhién va gri
s = [1

def master(conn):
for i in range(©,10):
s.append( random.randint(100,110) )
print( s )
print("Following Values were sent by PID [%d]" % ( os.getpid()))
conn.send( s )
conn.close()
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* Ham Slave() dé nhin roi xuit ra man hinh
r =[]
def slave(conn):
r = conn.recv()
print( "PID",os.getpid(),"received as follow:",r )

* Chwong trinh str dung doi twong két noi dwoc
sinh ra b&i Pipe

if __name__ == '__main__':
master_conn, slave_conn = Pipe()
slave_task = Process( target=slave, args=(slave_conn,) )
master_task = Process( target=master, args=(master_conn,) )
slave_task.start()
master_task.start()
slave_task.join()
master_task.join()

Mot vai vi du
* Vi du can tinh tong cta N sé thuc c6 gia tri dwoc tao

ngiu nhién trong khoang [0,1).

import numpy as np
N =10000000
a = np.random.random(N)
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* Ham tinh tdng c6 thé viét
def psum( ib, ie ):
s=0.0
foriin range(ib,ie+1):
s += ali]
return s
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* Dé tinh tong tuldn tw cda N s6 nay:

t0 = time.time()

psum(0,N-1)

print( "Tuan ty: Thdi gian trdi qua %8.6f gidy" %
(time.time()-t0) )
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* Trong trwdng hop can dung déi twong Pool c6 trong
g6i Multiprocessing, ching ta str dung ham psum()
nhiéu IAn, moi 1an 1a mot tién trinh tinh t6ng mot
doan nhd. Khi d6 can phai sit dung ham map() dé
tao mot day lap lai.
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* Nhung do ham psum() c6 2 d6i s (c6 2 tham s6 khi
goi ham), nén phai viét thém mot ham dé chuyén
viéc goi ham nhiéu tham s vé 1 tham s6 nhw sau:

def multirun(args):
return psum(*args)
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* Gia str dung 4 tién trinh cho viéc tinh toan song song
nay, chwong trinh viét nhw sau:

from multiprocessing import Pool

t0 = time.time()

11 =0, int(N/4), int(N/2), int(3*N/4)]

12 = [int(N/4)-1, int(N/2)-1, int(3*N/4)-1, N-1]

13 = zip(11,12)
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p = Pool(4)

result = p.map( multirun, 13 )

print( "Str dung Pool: Th&i gian tréi qua %8.6f giay”
% (time.time()-t0) )

print( "Téng 1a %10.6f" % sum(result) )
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* Lwu y rang,
— Do ham multirun() chi c6 1 déi s6, nén phai dung
ham zip() dé chuyén 2 danh sach vé 1 danh sach.
— Dé biét két qua sau cung, c6 thé dung ham sum()
cda goi Python chuin dé tinh toan.
* Chidng ta c6 thé str dung d6i twong Process hoic
Thread dé thwc hién cong viéc nay. Cach thixc cling
hoan toan nhw nhau:
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import threading as th

t0 = time.time()

t1l = th.Thread(target = psum, args = [0,int(N/4)-1])
int(N/4),int(N/2)-1])
int(N/2),int(3*N/4)-1])
int(3*N/4),N-1])

t2 = th.Thread(target = psum, args =
t3 = th.Thread(target = psum, args =

—

t4 = th.Thread(target = psum, args =
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tl.start()

t2.start()

t3.start()

t4.start()

t1.join()

t2.join()

t3.join()

t4.join()

print( "Str dung Thread: Th&i gian troi qua %38.6f giay”
% (time.time()-t0) )
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* Tuy nhién, dé tinh dwoc téng cua tat ca cic phan tir,
ham psum() dwoc hiéu chinh nhw sau:

result = []
def psum( ib, ie ):
s=0.0
foriin range(ib,ie+1):
s +=ali]
result.append( s)
return s
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* Cach thirc gidi quyét dung Process ciing twong tuw
Thread. Tuy nhién, do cac process khong chia sé
khong gian b6 nhé, nén dé cé két qua la tong cia
toan bo cac phan tk can tinh, phai stt dung thém doi
twong Queue dé luvu trit.

from multiprocessing import Queue
Q = Queue()
def psump( ib, ie ):
s=0.0
foriin range(ib,ie+1):
s +=a[i]
Qput(s)

return s
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* Khi d6, viéc tinh tong dwoc x Iy sau khi cac tién
trinh tinh toan nhu sau:

t0 = time.time()

p1l = mp.Process(target = psump, args = [0,int(N/4)-1])

p2 = mp.Process(target = psump, args = [int(N/4),int(N/2)-1])
p3 = mp.Process(target = psump, args = [int(N/2),int(3*N/4)-1])
p4 = mp.Process(target = psump, args = [int(3*N/4),N-1])
pl.start()

p2.start()

p3.start()

p4.start()
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pl.join()
p2.join()
p3.join()
p4.join()
result =[]
while not Q.empty():
result.append( Q.get() )
print( "Str dung Process: Thoi gian tréi qua %8.6f giay”
% (time.time()-t0) )
print( "T6éng 1a %10.6f" % sum(result) )
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* Két qua ca 3 trwong hop va tinh toan tuan tw voi N
la 10 triéu nhw sau:

==> SUf dung Pool: Thoi gian trdi qua 1.813148 gidy
Tong 13 5000213.687816

==> SU dung Thread: Thoi gian trdi qua 2.870040 gidy
Tong 13 5000213.687816

==> Sl dung Process: Thoi gian trdi qua 1.819063 gidy
Tong 13 5000213.687816

==> Tuan ty: Thoi gian troi qua 3.025585 gidy

T5ng 1a 5060213.687815n
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* Vi dy tinh sé 7 don gian nhat la dung ham Arctan(x).
* Ta biét

T
tan| — )| = 1
<4>
* Suyra
tan(1) = =
arctan(1) = —
4
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* Ma Khai trién Taylor cia ham arctan() 1a
3 x5 x7 x2n—1

arctan(x) = x —— 4+ ——— 4 . 4+ (="
3 5 7 2n—1

+O0(x*")
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* Tw day suy ra

1 1 1 1 " o
Nl——t———+ .. (=D > (=
i=1

7[ —
4 35 7 n—1 4 2i—1
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e PE sy dung lai ham psum() O trén, c6 thé viét don * Vi duy, dung doi twong Pool dé tinh, toan bo chwong trinh c6 thé
oy ) . % A viét nhw sau:
gian bang cach tao mang g, thay vi ngau nhién trong

g ) import time
[0,1) thi a la cac s6 hang trong tong & trén. from multiprocessing import Pool
a={] def multirun(args):
sign=1 return psum(*args)
.. def psum( ib, ie ):
foriin range(N): s= 0.0
a.append(sign/(2*(i+1)-1)) for iin range(ib,ie+1):
. . s +=ali]
S1gn = -S1gn return s
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N =60000000 * Vi du dir liéu phin tan
a=
sign =1 * Trong cac vi du trén, chung ta thuc hién cac thao tac
foriinrange(N): dé roi cung chia sé mot viing bd nhé chung. Chiang
a.append(sign/(2*(i+1)-1)) ;. o 4. T~ 1ia ; p
sign = -sign han v&i Pool hodc véi Thread, dir liéu dworc tinh toan

_ _ _ sau do tap trung vao list c6 tén la result. Voi Process,
g z {?ntla\tl(/liﬁ::tt((g //ZZ)innitrEf(é\i{f/)i)_l N-1] két qua ctia cac process dwoc dwa vao hang doi Q,
13 =zip(I1,12) ' ' sau dé tir hang doi dwa vao result nay dé tinh téng

p = Pool(4) trén list.
result = p.map( multirun, 13 )

print( "S6 Pila %54.52f" % (4*sum(result)) )

Dr. Tran Van Lang, Assoc. Prof. in Computer Science Dr. Tran Van Lang, Assoc. Prof. in Computer Science




* (Gia st chwong trinh tinh todn lam nhirng cong viéc
khac nhau trén cing mot dir liéu, nhwng do moi
process luu trit trong vung bd nhé riéng nhw mot hé
thong phan tan (Distributed System).

* Chang han, process dong vai trd master chiu trach
nhiém tao mdt ma tran 1a cac gia tri thuc ngau nhién
thudc doan [0,1), sau d6 giri vé cho process dong vai
tro slave. Process nay chiu trach nhiém nhan ma tran
nay vé&i ma trin nghich dao réi giri chuan-2 cia ma
tran tich nay vé cho master dé xuit ra man hinh.
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* Chuong trinh dwoc viét nhw sau:
import numpy as np
import multiprocessing as mp

N=10
M=10

def master( conn ):
ma_a = np.random.random((N,M))
conn.send(ma_a)
norm = conn.recv()
print( "Norm is %20.18f" % norm )
conn.close()
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def slave( conn ):
sl_b = conn.recv()
norm2 = np.linalg.norm(np.dot(sl_b,np.linalg.inv(sl_b)),2)
conn.send( normz2 )
conn.close()

ma_conn, sl_conn = mp.Pipe()

ma_p = mp.Process( target = master, args = (sl_conn,) )
sl_p = mp.Process( target = slave, args = (ma_conn,) )
ma_p.start()

sl_p.start()

ma_p.join()

sl_p.join()
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Str dung trong Khoa hoc dir liéu

* C6 hai 4p dung da xtr ly trong Khoa hoc dir liéu:

X ly nhap xuit: Thong thwdng viéc ghi dir liéu 1én Data
Warehouses nao dé thwong mat nhiéu thoi gian hon la
viéc doc dir liéu dé dwa vao xtt ly. Nén viéc ghi dwoc
thwc hién song song s€ hiéu qua.

* Xay dwng mo hinh huin luyén: khong phai tat ca cic mo
hinh dwgc huan luyén theo cach song song, nhwng mot
s6 m6 hinh c6 thé thwc hién theo cach nay. Chang han
Random Forest dwoec trién khai trén nhiéu ciy quyét
dinh (Decision Tree) dé 1dy mot quyét dinh tich luy
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* Ciling lwu y, trong
thw vién sklearn
c6 cung cap tham
sO n_jobs gitp
cho viéc str dung
nhiéu task.

* Vi du minh hoa: gia st
c6 cong viéc dowork()
can giai quyét trong 2
lan.
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import time

def dowork():
print(‘'Starting to do')
for i in ranbe(100000000):
a=1i
print('Done doing')

t0 = time.time()
dowork()
dowork()
tl = time.time()

print('Elapsed time in %f seconds' %(t1-t@) )

Starting to do

Done doing

Starting to do

Done doing

Elapsed time in 5.702057 seconds
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* St dung Multi-Processing
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