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RARFHITALIE
MPP AL s E BT AN PER A (FE — 28l as AR aT LB BT £ ), Xt
BEA% 2 [ I 3 5 P 5 AT I TS B R AT AL R 5 T X RO SR 1Y, ELl, Barth
Simulator. Blue Gene. ASCI White. ASCI Red. ASCI Purple /2 Red Storm %%,

T1EuhEeR?
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W ERR.
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SN
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»
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THA =R
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T LR R T 5 b 5INH) GPU g a5 o8 1 2 A 2 ok SELAE -5 4 f 07 SN A
Bt R GPU Rt TR MPERE, A eIek o —fBRm e AT, FOVElTE 2%
5 CPU WhAfE A 4T, Bk, ZafevaCARs s ; CPU LA AT 7 sUEATHR I 51T 5, Bt 5
AR i B 9 HL A BAR s IR AT AR 55 7 e s R 2% . CPU 5 GPU (8] 138 /5 AN AT LA
Ao R 2R SEBL, 3T DUE I o ) B B R UL P A A XK I R SE B, SBr b,
R G BRSO B CRIWAF R, 4T DO 5 G RE AR T B4R A B R T TR 3R = A
7 X35, 41 CUDA Al OpenCL. IXFPZEFI{ERAIZEH, Ui R BN, i T AT DAAE 5 3
Ak TR GRS, PR SS RIRGIE & T HART B e B PE . 2B 55 AT DAAE AR ]
DX 2 At R A DL S s — B el A, X BT TR TR . Bk, BAR CPU 5 GPU 2
()P W ) R AN v, B B IR R AR, JRATTRT LAMRAL AT Z 18] A A2 B LR AT BT P e -

GPU
Multiprocessor 1 Multiprocessor 2
Multiprocessor 3 Multiprocessor 4
CPU PY Py

[ ] o
. .
Multiprocessor N-1 Multiprocessor N

A
v

FIZRMER

HiTimizEE

S AP R 5 TR IR B STRR L, BOBURIR IR, AR
HEE R BB L PO AR IO AR (T LS el (i ). ALLT
2T, SRR BT B R b FR B S INAT — RT3
Tk, SERIBR A 5 BB B BT, TV I AR AT 5

IERAFAERATF IR, A BOE AR 5T ERR VR MR RS 532 (PR D 4T
SR

> SR
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> HATR I /I AR

> ORI B

B TR AEHI RT3 545 S5 RO O, TSRS 2 A 400 T 56
EAIIE £ 0 Python Hibk.

HERFRE
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AL DLLERE 5 G e A T 0], BB S5 . R R AAE TR A
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Machine A Machine B
task O task 1
data S data
send() send()
task 2 MBS task 3
data < data
receive() receive()
HEEETERIRE

HIEFTIREY

FEAZAE A, 2 AMESS T AR AR IR B R 250, AN BT 5580 R S B Bl (0 A R 7
Tro FESCENARGH R, BT AR 55 A AT LA 3 A A 0 A s A SRR R U e B, e
MR SR 20 FIOFIE R AR MES A N A b . v T SEBLZR, B A& 2R 1
PR R 8 B 0 A 500 5577 e IR GPU FERE X SR 00 T Aab B B AR bR . Bl JF
eI R B .

‘ array A ‘
doi=1,25 do i=26,50 do i=51,100
A(i)=B(i)*delta A(i)=B(i)*delta A(i)=B(i)*delta
end do end do end do

Task 1 Task 2 Task 3
HEHITENER

IRt HITER

FEXRIFAT I SENE RS T — R P08, By ZE i R IR AT AR 55 AN S 2 G 2>
BORFTIRIIAR . 0T — N RSk, BRI IHAT TR EIAT R R -

> (ES5IE
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LU Python BAE— I 1R/KIES . %8) Python, FATAIAIFR EFELFRIN A, B ARR
RPIFEFF R UAE—ANIH EWE. thln, fERE@EREN R, C/C+ F2 7 5 ml DLSEE K
RIEEH L, 1 FA—30H RREE RN A L9 S Python 2 7 SRR I X se Hvk . BTG
ISR RFRE S, C/CH 27 e 1 X B R R = N2

wl LA 3@ 3 https://www.python.org/doc/essays/omg-darpa-mcc-
A" position [ ML R TXITMHHINE.

EETE

] PAM https://www.python.org/downloads/ % Python.

HEAR T LLiE I Notepad 3¢/ TextEdit K4i 5 Python F£J7, {HARZ & BUE F 45 BT & A 85
(IDE) R[5 B AN g 5 AARS 2 BN

HIRZ L 14 X) Python ¥ i1 IDE, 41 IDLE (http://www.python.org/idle), PyCharm
(https://www.jetbrains.com/pycharm/) J Sublime Text (http://www.sublimetext.com/)

s,
BiRsCH)

NTH SR A e R B ARG S ) BL T R Python 45 ME. id4E, 5 >>> IR Python
shell.

> BRI .

>>> # XEFR

>>> width = 20

>>> height = 5*9
>>> width * height

900
AT A — A 7w 7R HARESTE Python shell FHAIFEE T, W R E R
4 Pythan Shell (= oS

File Edit Shell Debug Options Windows Help
Python 3.3.0 (v3.3.0:bd8afbl0ebf2, Sep 29 2012, 10:55:48) [MSC v.1600 32 bit (Intel)]
on win32
Type "copyright™, "credits" or "license ()" for more information.
>>> #This is a comment

|| »>>> width = 20
»>»>» height = 5*%9
»»>» width * height
900

i B0




PythonFHTHmIZSAt

MR E B HAEEA TR .

>

AT

>>> a=1.540.5j
>>> a.real

1.5

>>> a.imag
0.5

>>> abs(a) # sqrt(a.real**2 + a.imag**2)

5.0
FAFHRAE -

>>> word = 'Help' + 'A'
>>> word

'HelpA'

>>> word[4]

AT

>>> word[0:2]

"He'

>>> word[-1]1 # /5 F4F
AT

XN

>>> a = ['spam', 'eggs',
>>> a[0]
'spam'’

>>> a[3]

1234

>>> al[-2]

100

>>> af[l:-1]
['eggs', 100]
>>> len(a)

4

while ’/ﬁﬁﬂ: :

# AEPIIRBLEA)
>>> while b < 10:
print b
a, b =b, at+b

100,

1234]

18]
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if s

B efE A input () 1EA)HE N —DNEEL .

>>>x = int(input("Please enter an integer here:

Please enter an integer here:
SRIG RN BB LI LE 2644 -
>>>if x < 0:
print ('the number is negative')
.elif x ==
print ('the number is zero!')
.elif x ==
print ('the number is one')
.else:

print ('More!')

for fE¥F
>>> # HEFFHRKE:

a = ['cat', 'window', 'defenestrate']
>>> for x in a:

print (x, len(x))

cat 3
window 6
defenestrate 12
>>> def fib(n): # 5 H R n i 3EP IR EEY)
T S AR A
a, b=20,1
while b < n:
print (b),
a, b = b, a+b

1

"))

FiTitE SPythonieo

[19]-
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>>> # UL NI 52 SR R AL
.. £ib(2000)
112358 13 21 34 55 89 144 233 377 610 987 1597

> A
>>> import math

>>> math.sin (1)

0.8414709848078965

>>> from math import *
>>> log (1)
0.0
> ESCK
>>> class Complex:
def init (self, realpart, imagpart):
self.r = realpart

self.i = imagpart

>>> x = Complex(3.0, -4.5)
>>> x.r, X.1i

(3.0, -4.5)

HFirttRPAIPython

YERN—TRRE NG S, Python A2 PRy, WIS BEIR OCHE, S4B DU faHh 5 4f FH 58
PRIE S FTdn S Y BT B, W C 802 C++. 1§ Python H9—Fhi W5 2 H e 4n 512
7B i JE G2 R 5 Python i@ dR 2 H C 4’5 11, WUAE CPython. 1ZM#H 25 2344 Python RS H%
oy —F 44 Python F WAL ENE S, ERMTILHIES, AIEE TEERKTEL. 4
1Z1T Python F2/7 I}, FATEMITHEIEIA 2K Python F i IS FE 30 AR € T HLAS IR . REA I
XTG9S 5 R UL ER A b, At FE P AT S E B — AN . — PPy &
Felld B =07 kAR, R RS C B, SRJS7E Python HUR LR ABER . J3—Hhfig ik
77 ERAEHEIET (Just-in-Time) Python %% 4%, ‘& /& CPython [ —F &85, N PyPy S
WA AL 7 ARRS A B AT Python A2 /7 I HAT B . A0 2 A% B 58 = Fh il 5 &8 5 52
br L, Python $24 | BEME M IFAT SR AT HIRF I . Rk & i S/ i i, eI 1
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SRR
At KT 2 A S R A HEA S, LUK I7E Python 523 2 RO
HIESZAENA

HETRAR A RIS RGBT SE01, LA, ik ST 0 Tternet 0% 28 Bk 22 7T — MEAT
Y B R . AR IR — MR ED IR, — /MRS T LA 15 75 5 2 1.
RV PR SROHLEIESHITAIT. BeAh, — MRS MR, IR
VBT, BRERGE AR ORI T AR L AR, 9T DL Hef 2
SR AT ATHAT AL R —ABREO. i, 3T MR R S
AR, ENDESAL S SRR . A, AT 2 R (FR R IR, S
HEA AR SR, RN, (U R BB T S SRR 5 3047
R R R RARNSIE IR AL . i, SERARR, ZaRTLIE
R VU, R FT LSS M 5 1 DL B 4 .
A
> AR A £ A TR
> LT AT CPU VKU, R4 R0 B B AL U2 LR 1 40
R, AT ABAES, TR T 30 BRI 15— M 1k
PR BT
[N RS ] S A A, TR 2 D R 57
NS Python it 4478 5 it I 17 9 17 1 2L OAFIE S5O0 RE 20T, BRAVJRA
Python 4LV & A4 P 4T .

FHaTEPythonFh{EEF#IE

E—BMEBEERGY, GNMETESBITEE QSN @5, FRATEL NG B
B MR EFOR E B — AN o IX B, FRATT EOR WAl A Python R+ 3l — N T IIFE T
BRI B R e HoE AR A A BB RE B HLPUT s BIE RSB ETH IR
PAT, IR ORE T T R G R YR AT ]

EETE
TEH—> Python M, AR %% Python 1B .

[ TEVjiA) https://www.python.org/ RIKHUEHT AR ) Python. ]
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BRI
NTHATEARB], HFEGANII DML
» called Process.py

» calling Process.py

A LA ] Python IDE (3.3.0) 445X £6 3014
called Process.py SRS UIT Fiow -
print ("Hello Python Parallel Cookbook!!")

closeInput = raw_input("Press ENTER to exit")
print "Closing calledProcess"

calling_Process.py SCFHIAURS U R HR «

## 2T R
import os

import sys

T TR AT I ATD
program = "python"
print ("Process calling")

arguments = ["called Process.py"]

##1ifjfflcalled Process.py /KX
os.execvp (program, (program,) + tuple(arguments))

print ("Good Bye!!™")

BALEITZRW], 1 H Python IDE #J 7 calling Process.py f2¥, #RJE4#% NEEE L
[ F5 4.

{R4=7E Python shell HH & 240 N .

'S B
7 rven s, — -
File Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bdf8afbo0sbf2, Sep 28 2012, 10:55:48) [MSC v.1600 32 bit (In ~|
tel)] on win32

Type "copyright™, "credits™ or "license ()" for more information.

> RESTARRT
>>>

Process calling

Ln:6|Col: 0




1 FITHESPythonics

[, #fE RGN T PR,

i CAUsers\Utente\Anaconda\python.exe |5E|ihj

He1lo Python Parallel Cookbookt?!? -
Preszs EMTER to exit_

REAMAIREAIBAT, BRKARERG R, RS E MR AR s,

SEAURSHE

£ EIRoR I, execvp RBURZN T — W ibRE, JEEH T HETHERE. EE, “Good
Bye "M B AKIEA ST EN K. M, B AERRHERR R 8 2 4y called Process.py KRR,
IR 5 2 NS HOTHNE NI S, BN EEBLZREF, e AT I A B Akis
f7'€. called Process.py f{f54 input () W TEBEERIERGRRSIKM. ERXANLITH
X T RERR I AT, AT 2 1 Wi g 2 43 Python BEBRRAE BEEE 2 R AU IFATHAT .

FIGTEPython R {ERZIE

b prE, T RRN AT RS AT AR e AL, Python RS I 3E
FTEASRRE R AN . N T XL LFEN Python F2/7, FRATS M 4 4 B 4 3541 (Global
Interpreter Lock) )4 Jaj 8o X BMRHE 1L [F] — I ZI A — LA S AT Python /06D 3 7E—/)h
Bt 8] J5 B 2 — N AR P ) FAE T AL S — B (R, Python 23 H B VI 2 N — Mk AR
GIL FEAN 2 DA S A2 P A i 1 i an SR 2 A2 22k 05 0] /) — S0 R 88, A ErTRedt TA
—HHPRET .

(BT, A4S 2 -8 T7E Python FEFFth OUEE A L.
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BRI
AT YIFEAF], BATHEYHE — 4 A hellopythonii thThreads .oy HUFLF :

## ZURME A 2S5 2B I AR 5 A Thread:

from threading import Thread

#4187 Hsleep R AL 26FE “ BEEHIG”

from time import sleep

## ZARAEPythonH G ZRAE, 5 EALMG LA —FE AR
#4510, BOZikSRgK 5 Thread 2
class CookBook (Thread) :
def _ init_ (self):
Thread. init (self)

self.message = "Hello Parallel Python CookBook!!\n"

## QT 5 R SATEN T R
def print message (self):

print (self.message)

## runJVE SR BATEI 10K
def run(self):

print ("Thread Starting\n")

x=0

while (x < 10):
self.print message()
sleep(2)
x += 1

print ("Thread Ended\n")

# T )5 ke

print ("Process Started")




1 FTIt&ESPythonic

# G @ HelloWorld (1) — /5451
hello Python = CookBook()

#ITENH S, RBhZRs
hello Python.start()

# 2k TR

print ("Process Ended")

FARIBAT R, 15 4E Python IDE H14TJF calling Process.py R2/¥, SRJA % AL 110
F5 %,

R 2x1E Python shell H17 40~ B pros il th -

File Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bd8afk90sk£f2, Sep 29 2012, 10:55:48) [MSC v.1600 32 kit (Intel
11 on win32

Type "copyright", "credits™ oxr "license ()" for more information.

> RESTART
e

Frocess Started

Thread Starting

Frocess Ended

Hella Parallel Python CookBook!!
e

Hella Parallel Python CookBook!!
Hello Parallel Python CookBook!!
Hello Parallel Python CookBook!!
Hello Parallel Python CookBook!!
Hello Parallel Python CookBook!!
Hello Parallel Python CookBook!!

Hello Parallel Python CookBook!!

Hello Parallel Python CookBook!!

Hello Parallel Python CookBook!!

Thread Ended
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SLAURSHE

HBARERF OAPIT e, HARIEXFRmMWADIRSITEMNE . 2o flEER 1784
FE——AE R PR A 1 TR 55 -

FEAE LGRS, SRR ZA R ACE AN EA LR M AR G G817 X2 AR Z 2 e
Tra, PRGNS ORI AR L I 2 LE K [ e 2 2




AEFEARS :

v v v v v v v v v v v v

48

Lnqalfd A Python AR FE R ER
WAl L4 F%
LRI 38 4 H ) 2 A
WHATE 2R A 4 f%
i F] Lock 5 RLock SZHLLERE A5
{5 5 2 SRR [F) 2P
A F 26 AF S B LR AR TR 25

1 FH S F S B LR R [ 2P
gl 8 with 54

A5 FH BAZ) S B 2R R A
PEAL 22 G R B 14 e
EZSW i TIPS

HET&RPERF1T

FAT, EBIER A, SRR Z MRS B e 2 T 2 AR . — ok, M
P B B AN ERE TR B, XA AR L N2 ML ERE, IR R R AN [FI SR AL
W, EADHMTIEAT, RN R4
BRI 2 Ao XA 2 3 B0 L RO LB e B vk — S [, AN T 2 ZR AL A
UL R IH 2 A7 A
by b, HETHTA RRIE RGEHMIFZ LML, LT HTA KgRETE 5 ARt 1 il 4efe kst
BLIF RN IALAR o
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Rk, 2 LARmAE IR M A SEIUF R M T — A Bk, A, IR ZiE—
A AT R, Hrh— S B RE S T

LR DMSLPATIL, RETF 2 NERERT LUMT BOFRIAT . 2SR U5
a5 TR, A T AR RIL B B 0. 2058 R A B ARSI T s AT B R 4
AR, RREA TN, F#d R ARSI R, SR, AR
FENIA 2 e AT B

—ANERRE TR 3 TR - BT WA SR R TP R T
ERRIRA R SRR G R RUT R, LKREWA B CRPATIRE, IFH AT EE .
—ARRERPATIRE T LA e . AT SIHE. A SR LR N 4 SR & L B A 1) O
17, R EA IR 2 B, R ML OHI R IET AR BT EERR UL, A
FIZAE MG ANAE T PERE TS T, BEREZZ 18] () b 7T SO AR B L[] — E A v (0 L 22 1 1 1 e g
KERZ .

2 SRR AR SEA 0] T L A5 R ()R S AR IR HROEAE - X b A1 2 LR g is
0 3 2 e BRAR B T %A 1A A B

{EFAPythonRIZLIEREIR

Python J2 i Python #n#fEJE Fr# it (1) threading (R HLLFENT . ZBHSEHE T — 2Lk
WHBERE, AT LR RBER AR Z ; Sbr b, ZREBHGRAL 7 LR R 5 S
R [RE AL o

LRI B
LRFENT R
Lock %%

RLock *f %
BT ENR
AT G
TR

TE N TS, AT TR 2 8 AN R s 91 SR A 28 262 e P (AL ) PRtk o S T I R
Bkt FA12EH Python 3.3 fRA (AN s Python 2.7 tH3% A @) .

WMIE X etz

ik FH R A il 1) 7 A — S AR R BOR B E, SRJE A start () TiE T
45 TAF . Python #itR threading §2fft | Thread () Jjvk M TAEA R M LAE FIs AT HERE 5 R 4

v v v v v v

28]




2 EBFHENFT

class threading.Thread (group=None,
target=None,
name=None,
args=(),
kwargs={})
TE_ERARRS TR AT LT R
» group : IXj& group HIfH, iiZ%A None; Xje—MREASH, HAKILIPTH.
» target : X2 —NER B NEFRIE SN S AT R EL
» name: ZLREMIAZ T s EBRAIEAL T, BN Thread-N fME— )4 F2MREE
» args: K4 AR —1SH0cdl.
» kwargs : X2 —NREFSHFM, METRREIT.

QI NI S CH IR A1) B e R A M. Zonbilfeis 7
— MU, ERLES, WREITHHER.
B{RsL

NHEKE B il ROk E LR, X TRk, TS E R

import threading

def function(i) :

print ("function called by thread %i\n" %i)
return
threads = []

for i in range(5):
t = threading.Thread(target=function , args=(i,))
threads.append(t)
t.start ()
t.join()

B ACRS o R B TR
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fle Edit Shell Debug Options Windows Help

Bythen 3.3.0 (vd.3.0:bdBafbifebi2, Sep 20 2012, 10:55:48) [MSC w.1600 32 bit (Int =
el)] en windd

Type "copyright®; "credica® or "license()® for more informaricn.

L35 BESTART
b33

function called by thread 0

furcrion called by chread 3

furction called by thread 2

funccion called by chread 1
M funccion called by

35

NZAR A, W] OB AT SORSRAS 5 Sebr B, AR RN rAR R 4T
PG IR, DR LA R FP 2 oV E Y o

SCHUEHR
AR RN, HFLHWT Python i 4 -
import threading
fEERFH, FATEN Thread X RA—A44 4 function 1) H AR BB T — R
WA, I —NSEAERS T %R, RS ERHEEF -
t = threading.Thread (target=function , args=(i,))

HEWHA start () FENELEA SFFIHIEAT, join() HESFBUMHLRESR, HIlE
BT -
t.start ()
t.join ()

nfTtRE S RIRYZEE

il I ZHOR PR R B fiy 44 LR R A7 LB SRR AT LA 22, BRNERRR SE (0 44 7 #0H — N ERIAE,
I BAE QU AR W] MBSO ME . AR ST Imdt R ] RE A 2 MRS EeAE , BT EAF R AE
XX RRE AT A AR T

~30]
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2 EBFHENFT

N T HEMALFRIEAEIZAT, TATQIE 3 N HEARREL I time BEHCREE AT D

import threading
import time

def first function():

print (threading.currentThread() .getName () +\

str(' is Starting \n'))

time.sleep(2)

print (threading.currentThread () .getName () +\

str( ' is Exiting \n'))

return

def second function() :

print (threading.currentThread() .getName () +\

str(' is Starting \n'))

time.sleep(2)

print (threading.currentThread () .getName () +\

str( ' is Exiting \n'))

return

def third function() :

print (threading.currentThread () .getName () +\

str(' is Starting \n'))

time.sleep(2)

print (threading.currentThread () .getName () +\

str( ' is Exiting \n'))
return
if name == " main ":
tl = threading.Thread\

(name="'first function', target=first function)

target=second function)

(name="'third function', target=third function)

t2 = threading.Thread\
(name="'second function',

t3 = threading.Thread\

tl.start ()

t2.start ()

t3.start ()
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b R BIR
P >

File Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bd8afb30ebf2, Sep 29 2012, 10:55:48) [MS5C v.1600 32 bit (Intel)] on win32 =
Type "copyright™, "credits"™ or "license ()" for more informatiom.

S-S RESTART
e g

first function is Starting

second function is Starting

third function is Starting

first function is Exiting
second function is Exiting
third function is Exiting

ey

-

Ln: 17 |Col: 4

SLAIRSRE

BAVE — A B AR R BORSEGIL DR Jesh, BMEE T 47, BT RPATEHR,
WEARBA E AT, WAz -
tl = threading.Thread (name="'first function', target=first function)

t2
t3

threading.Thread (name='second function', target=second function)

threading.Thread (target=third function)
Rk, XXEEZEREFA start () 5 join() Ak -

tl.start ()
t2.start ()
t3.start ()
tl.join()
t2.j0in ()
t3.join()

WMIEFRP(EA%E

TR I 2 RIS IURT I 2R, IR AR B

> €T Thread K13,

» BTG init (self [,args]) JREREINBSNIZSEL

» TR, WEES run(self [,args]) JERSEBILIE)E 3G 75 B F1E .

+32]



2 EBFHENFT

— BT H) Thread 1385, Rt AT LIS BBl M A start O J7iERIT A
WL T, start () THEX AT run () J7ik.

B{RSLH]
A THEFHPSILR, WAV LT myThread K. EHFAIE, JFLHEETLRS
HRE -

import threading
import time

exitFlag = 0

class myThread (threading.Thread) :

def init (self, threadID, name, counter):
threading.Thread. init (self)
self.threadID = threadID
self.name = name
self.counter = counter

def run(self) :
print ("Starting " + self.name)
print time (self.name, self.counter, 5)
print ("Exiting " + self.name)

def print time(threadName, delay, counter):
while counter:
if exitFlag:
thread.exit ()
time.sleep (delay)
print ("%s: %s" %
(threadName, time.ctime(time.time())))

counter -= 1

# AR A
threadl = myThread(l, "Thread-1", 1)

thread2 = myThread (2, "Thread-2", 2)

# BT

threadl.start ()
thread2.start ()

print ("Exiting Main Thread")
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PAT EIRACRD J5, s 2 R B R
7% Python Shell == g

File Edit Shell Debug Options Windows Help
Python 3.3.0 (v3.3.0:bd8afb90ebf2, Sep 29 2012, 10:55:48) [MSC v.1600 32 bit (Intel)] on win32

Type "copyright™, "credits™ or "license ()" for more information.
> RESTRRT
x>

Starting Thread-1
Starting Thread-2

Thread-1: Sun Apr 12 15:42:00 2015
I Thread-2: Sun Apr 12 15:42:01 2015
Thread-1: Sun Apr 12 15:42:01 2015
Thread-1: Sun Apr 12 15:42:02 2015
Thread-2: Sun Apr 12 15:42:03 2015
Thread-1: Sun Apr 12 15:42:03 2015
Thread-1: Sun Apr 12 15:42:04 2015
Exiting Thread-1

Thread-2: Sun Apr 12 15:42:05 2015
Thread-2: Sun Apr 12 15:42:07 2015
Thread-2: Sun Apr 12 15:42:09 2015
Exiting Thread-2

Exiting Main Thread
x>

SCAIFSHE

BRI S AR G R SRR A RRER, BARAK T
Thread K 5 T run () k. BFR, kS BONRRIEI A, fEERFET, &A1)
T myThread KHE /LR G 24 start () MG, SARRATFEHIT. A Thread
KIS TR, BORERE AT LA BT R R T, R A S .
start () JikJG, SRS TmEIRE, IR F %, HH) ran () kT s UL il
T R BT R . T R, R AR T

join () fird FUR AT LR AU 1L 1),

{FFLock 5SRLoCkEEMZFZER L

HE T IR PR D RIE XTI E AT, I ED MR IERR 2
Pa PRSI, X AR B L DAL, e SBCEE&ME, IR MBI SERAE AT
Bug VLR EAMIAT N . R SEZS S5 A e Bl SR 7 SO B . BB AR AR fAy 8 5 25— LR AR
T NAF I — 382 XIS, & AR A T AT AR B0 2 Bl B, 7 SE R AT
Ja, R ANERE G AU B, IXAEIE T A B8R 20 A BT DA AR AR B ] (1 A B
Mo IR, AR RIS AR RN, BT TR UL, EX BN R R ERAER

4]



2 EBFHENFT

ANEEMM %], HAT N ERRERE S (AL = A (IR AR S BRORARTR] B, (HABRE Wl BLIE 3 TR
1. AREFESEREIL T, BATEE BIXF 7 0 & 2 FEIEBI AR A JEBU LR B AN
MIZEFEEEFAT B s T IXLE AL AR DT M B, DRk S AT 3R A . SEB s A
TEFR.

ZIBA HETE #7128

RIBALE RIEBETF

A g2
REATHE : - & BB
B E R ed | - kil Y

FE

TR EH P, BAOMREA XS, AL (LA 547 B), [FRf
BEBANEIR (152). BRLFE A FERE 1, LB HFERFE 2. AXFHNT, XN
LR 2R EANTE OB, —UIE T DUNg AT R 2. ANid, GnSRBE G fE R A, 28
FEA WERIE 2 M8, LB RERE N8, XXFMAGERUEAZLER . HTHA
TRURERE BB T, ORI RS H 2, R B, BRI BIRR O R, X AT
THRSEB R BB S . X R i@ SR SCBL R, — AR T LA R BIFEZ A7, 5
— 5 THE AT RETE Lt i N B R .

TEAZIG T, IRATNE T 48 Lock () ) Python ZRAE[RIENLH . AT DL &K 5 — I Z %t
LR AU 1) PR 8 7R BN 2R FE B AN R 262 b 7RV M AR T R SL B AT, ZRFE A
BURSRINBIBL, BT R b AU R Lk AR LR FE U 1a) B AH [H] 19 5

BRsL

R R B R TR Lock () HLEIRE BERE. MTH AP MEL 702 incre-
ment () 5 decrement (). HIH XIIILZRIHMME, J5&E W R HAT, A REHBIA
FIEARERE . Behh, AR NEFE, 0 oK R i e e 3 SRR ML
FATAR L Dol i xS B A AS A B, AR PATIIA RSE T I AR R, IR
UR1EN 0.

BRI Bz, ACRE A B (R A R R I T R
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import threading

shared resource with lock =0
shared resource with no lock =0
COUNT = 100000

shared resource lock = threading.Lock ()

#iHH S T

def increment with lock() :
global shared resource with lock
for i in range (COUNT) :

shared resource lock.acquire()
shared resource_with lock += 1
shared resource lock.release()

def decrement with lock() :
global shared resource with lock
for 1 in range (COUNT) :
shared resource lock.acquire()
shared resource_with lock -= 1
shared resource lock.release()

B BIUE B
def increment without lock() :
global shared resource with no_lock
for i in range (COUNT) :
shared resource_with no lock += 1

def decrement without lock() :
global shared resource with no_lock
for i in range (COUNT) :

shared resource_with no lock -= 1
#HH BT
if name == " main_ ":

tl = threading.Thread(target = increment with lock)

(
t2 = threading.Thread(target = decrement with lock)
t3 = threading.Thread(target = increment without lock)
t4 = threading.Thread(target = decrement without lock)
tl.start ()
t2.start ()

36




t3.start ()
t4.start ()

2 BTFHIEVHT

tl.join()
t2.join()
t3.join()
t4.join()
print ("the value of shared variable with lock management is %s"\

$shared resource with lock)

print ("the value of shared variable with race condition is %s"\

$shared resource with no lock)

TEPRE R ATE a2

e T =

File Edit Shell Debug Options Windows Help

P

i >>>

RESTART

the walue of shared variable with lock management is 0

the walue of shared variable without lock management is -28050

s3> |

Python 3.3.0 (v3.3.0:bd8afb90ebf2, Sep 29 2012, 10:55:48) [MSC v.1600 32 bit (Intel)] on win32 -
Type "copyright", "credits" or "license ()" for more information.

lLni 7/Col 4

WRET I, AEBE M B S8R 4, JAMGE] T IEmIEE R,

R RN RS HAM.

SLURSHE

tl

t2

tl

t2.

tl
t2

FTTEHAA WA -

= threading.Thread(target

threading.Thread (target

ETRIBENLRE -

.start ()
start ()

IRJE LRI

.join ()
.join ()

increment with lock)

decrement with lock)

B, B B

f£ increment with lock() 5 decrement with lock() R, R<xF B ] {i F i
B, 55 Y BHERT, A acquire () SREFAB (A2, & EERBIRERO, IR
release () RPN :

(37}
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shared resource lock.acquire ()
shared resource with lock -=1
shared resource lock.release()

RS —

> %ﬁlﬁﬁﬂ%ﬁ?&: R R

> HPMITERTH T EAS . acquire () 5 release().

R -

> WBUIRA AR BB, A acquire () ¥RIRES SO BB

» AR BB, A acquire () 2fHZE, HBIHAMLREMHA release () Alk.
» HURES NAR EE, JHF release () 2 5% RuntimeError 9,

> IHLRAN EAE, A release () ¥ RABCHE LB

FNRY R

SRR EW PFARIEAT, HEAMN S SEUPE RSB SR HBL, T R AR S 2
AT . R R ORI, EARS A SO AR ER AR 5 BRSNS
AT P e AT ek = AR R . EAh, B TR 2 50 2 AN RERR T 3L S 1Y A A7 R0 S 47 1)
i SRR BrfE, WSEERIIABEERE, [ TSI NS G N S@BIRE HXE.
PRI, AT 7R A P HLA T3 V2Rt ORond 6 52 A7 (8 [ 20 U7 1) O B e S8 25 2% AF

{FFARLock =M ZIZEREE

an S AR SR 1) 2R R SR B, AR 3t 75 B — > RLock () XF 4o FLTF Lock () X4,
RLock () X} R WH WA 7L : acquire() 5 release (). UlR 7 AL ZAMNE GE LI LR A2 241
ila), TR SO 28 B TR A R G 7 9%, XA RLock () s AR A H 1.

BRI

R BRI B, A5 N T Box 3, BEIAH add() 5 remove () Jji%k, JR{RHE 7 X
execute ( ﬁ/ﬁiﬁ’hﬁllﬂ Izﬁﬁaﬂ]?iﬁ_fuﬁhﬁﬁm&%ﬂ%ﬁ?m HEIZME. Xf execute () J7%MH
Py ir) 2 id Ruock () RAEFH
import threading
import time
class Box (object) :

lock = threading.RLock ()

def _ init_ (self):
self.total items = 0

38 ]
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def execute(self,n):
Box.lock.acquire ()
self.total items += n
Box.lock.release ()

def add(self) :
Box.lock.acquire ()
self.execute (1)
Box.lock.release ()

def remove (self) :
Box.lock.acquire ()
self.execute(-1)
Box.lock.release ()

#H XA BRAE R R AR P IE TRk
#4# I HBox 1 71k

def adder (box,items) :
while items > O:
print ("adding 1 item in the box\n")
box.add ()
time.sleep(5)
items -= 1

def remover (box,items) :
while items > O:
print ("removing 1 item in the box")
box.remove ()
time.sleep(5)
items -= 1

## R TR SRR IR ORI

## 1T DLIEH TAE

if name == " main ":
items = 5

print ("putting %$s items in the box " % items)

box = Box ()

tl = threading.Thread (target=adder, args=(box,items))

t2 = threading.Thread (target=remover, args= (box,items))

tl.start ()

t2.start ()

tl.join()

t2.join()

print ("%s items still remain in the box " % box.total items)




PythonFH{T4RIZSAft

SCOIFEHRE

EERFY, RATELZ T E— DRGNS ALRE 15 2 R SR R 2
adder () 5 remover (), MZHMHMEKRT 0K, HRESIAT. X Riock () 1 H & TE Box K
AT
class Box (object) :

lock = threading.RLock()

PR 2 adder () 5 remover () 43 Jill 22 55 Box K (1) % HAZ H., I H Box 2K 1) 77 2%
add () 5 remove () o 7ERFANT7 V200 H H AR IR TR, SR J5 F OB TR . X T4 & Lock () KL,
RLock () j#iit acquire () 55 release () J7iEkx BIERHTIREUVG R 5 £ T okRx FRA Tk
ut, FRATEIHA T R BORA -

Box.lock.acquire ()

#...do something
Box.lock.release ()

RLock() X R A7 AT 45 R W~ B

4 Python Shell |
ESEEERE

File Edit Shell Debug Options Windows Help
Python 3.3.0 (v3.3.0:bd8afb%0ebf2, Sep 29 2012, 10:55:48) [MSC v.1600 32 bit (Intel)] on =

win32

Type "copyright", "credits" or "license ()" for more information.
> RESTART

e

putting 5 items in the box
adding 1 item in the box

removing 1 item in the box
adding 1 item in the box

removing 1 item in the box
adding 1 item in the box

removing 1 item in the box
adding 1 item in the box
removing 1 item in the box

adding 1 item in the box
removing 1 item in the box

0 items still remain in the box
> =
Ln: 22|Col: 4

RLock() & HIRGIITE R

(ERESEXI%iERS

B 5B HEE2 H E. Dijkstra J2H, JEREERME TRERS . F5EL Ml
BAF AGUE B SRR, TR 2 AU 2 RIS R Ui . AR E, F5E

~ao]
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AN AR EA R, EAR IR TR A ST B R G 5 Rk VT

UbAh, TELRERIHF, F5REMEIERT acquire () 5 release () X ANREL -

Y AR B NS ANME S BT OB BN, B AUA A acquire () ¥R, 1%
BRSO E S BN REME, WRERNERE, A RV SR, wnE
NOE, AR SR, RN SRS — MR GZ R,

> AN R e R B L YR, LA release () HREREA VR . i iX
Fir, BESENNEEESEN, 52— N SRR T LAY ) L5
PR T .

(S5 BB FE R 2 R B AR .

ERESEXNEERL

HAVIE ARG 5 EIRDFRA AW R R R, A er IR TR TR 2 %505 56
TERAFEAETRAPPAT. WERARZH, SR RIER R —AMEE T, Bt s REERAIA
SRR OB

B LA RN T, RIE2E - MESE, HNMKEREN 1. 55, =
B NERRRRE S ERE D 10 0 I, E 2t N AR, B2 RHE H 0 808 -1, ISR,
RO IBAR AR N R T o 3K, B DRI 2 75 AN ERRE, (F S BIEDV L s
MR

Rtk RS SR LT HZRE, ECbrif il iR SRR R BE UR 7B T, Xt
= RERELKIE I

ERTIE

P R MACRD XS 1] BEUBEAT 1 ik, JATAPIAZAR, 73740 producer () 5 consumer (),
TABEE AN EEEE, XE—A%HE Gitem). producer () T4 24 A item, ] consum-
er () ZEHEIAE S5 W2 A58 FH i A B item

Wi item HARA L, FEA consumer () ZRFEME T EERF. Y item AERJS, producer () £

s
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FEC IR 938 TR AT LM T

Bxsci]

FEQIR A R, BRATE I P - A B AR s J
@#A%&Hﬂﬂ‘ ESBBESE. WA, T E RIS

ZNNS PURERES - s NP (e R
#HHH A (5 5 BRI D 4RE

import threading
import time
import random

## TR S BN N EBAR Fcounter T T T WIAATH,
#H HELME M.

#4 WRIRAIE /N T0, R A2 3B ValueError 7 .

semaphore = threading.Semaphore (0)

def consumer () :
print ("consumer is waiting.")
# RIMBE S
semaphore.acquire ()

## T P U R

SN0 E1 P N e S <l

R AR

print ("Consumer notify : consumed item number %s " $item)

def producer() :
global item
time.sleep(10)
#H g — A REYLEL

item = random.randint (0,1000)

print ("producer notify : produced item number %s" %$item)

HHEUE T8, KT8 counter BN, 4HAH
#HET O, B MRS RS REA

##AKTO0, FEMEIZLRE.

semaphore.release ()

# LR
if name == ' main ':
for i in range (0,5)

+a2]
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tl threading.Thread (target=producer)
t2 threading.Thread (target=consumer)
tl.start ()
t2.start ()
tl.join()

t2.join()
print ("program terminated")

TEPTRRIZAT 5 KRR .

T M i

|| File Edit Shell Debug Options Windows Help
Python 3.3.0 (v3.3.0:bdBafbd0=nf2, S=p 29 2012, 10:55:48) [MSC w.1600 32 bit (Intel)] |

on win32

| Tvpe "copyright”, "credits"™ or "license()" for more information. H
S-a RESTART
>x>

consumer is waiting.

producer notify : producted item number 193
Consumer notify : consumed item number 193
consumer is waiting.

producer notify : producted item number 631
Consumer notify : consumed item number 631
consumer is waiting.

producer notify : producted item number 770
Consumer notify : consumed item number 770
consumer is waiting.

producer notify : producted item number 688
Consumer notify : consumed item number 688
consumer is waiting.

producer notify : producted item number 16
Consumer notify : consumed item number 16
program terminated

>y | _|

Ln: 21|Col: 4

SLAURSHE

BE s EYMGIEN 0, BAGE T —ADPNERE S EHME, M1 H e T R A~
DGR X, AN A F R g i A SRR
semaphore = threading.Semaphore (0)

ZERAE AR R RONT Z R B . producer () AZAQIEZH, 5@ M FHEK
TIERE BRI
semaphore.release ()

558K release () JASHIMTHEGEME, Andlr MR, 52Kl consumer ()
T IR T U5 E IR -
semaphore.acquire ()

WARAE S BRI 0, IR A B2 ZE AT acquire () TPk EECE] AL AR
HWH. WARAETEAEEERT 0, BA e %M.

[43]-
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e, FTARHCE 80 2 BT En 2 bR e

print ("Consumer notify : consumed item number $%s " %$item)

FNRY R

RN AR R AR T . T RRRE A AR RN E N | fE SR, B
CASI I Fodhs 5 B IR U 1) ) L R A

A EAEZAAEAETE S PRIAGE VT2 M A, HE S B2 OB AL,
bohn, HERRE t1 (S S E s1 EPUTHERARIER, RN LR €2 5 58 s2 EPITHERRME,
BTR t1AE s2 EPATEER R, 2 78 s1 BTSRRI, X80T Zem At

(EARARHSEMEIERT

FAFARIR T MRS A . XA MR AL, R AR E R,
AREAME R ORI, — HRRA, ARl SRR B, AT HE A s ) 3L SRR

EBETE

FEPREZ AL —Fh i 7 2O FHRE B A7 # - H T A . 25 producer 7] 22 X 5 N ¥ ,
BB IX Rl o REZMIX A EdE, 28 consumer o MG X WS OO 24
MEE X I BR ). J5 producer £33 1 consumer 2% 7 [X A A4S, R consumer 25 75 1Jf producer
G X A

BB
N T BORAAEHUEL, BT - B

from threading import Thread, Condition
import time

items = []
condition = Condition ()

class consumer (Thread) :
def init (self):
Thread. init (self)

def consume (self) :

global condition
global items

=]




condition.acquire ()
if len(items) == 0:
condition.wait ()
print ("Consumer notify : no item to consume")
items.pop ()
print ("Consumer notify : consumed 1 item")
print ("Consumer notify : items to consume are "\
+ str(len(items)))
condition.notify ()
condition.release ()

def run(self):

for 1 in range(0,20) :
time.sleep(10)
self.consume ()

class producer (Thread) :
def init (self):

Thread. init (self)

def produce (self) :

global condition
global items

condition.acquire ()
if len(items) == 10:
condition.wait ()
print ("Producer notify : items producted are "\
+ str(len(items)))
print ("Producer notify : stop the production!!")
items.append (1)
print ("Producer notify : total items producted "\
+ str(len(items)))
condition.notify ()
condition.release ()

def run(self):

for 1 in range(0,20) :
time.sleep(5)
self .produce ()

2 EBFHENFT
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if name == " main ":
producer = producer ()
consumer = consumer ()
producer.start ()
consumer.start ()
producer.join ()

consumer.join ()

FEFFIZAT — A SR T B R -

F& Python Shell
Eile Edit Shell Debug QOptions Windows Help
Producer notify : total items producted 7 _I

Consumer notify : consumed 1 item
Consumer notify : items to consume are &
Producer notify : total items producted 7
Producer notify : total items producted 8
Consumer notify : consumed 1 item
Consumer notify : items to consume are 7
Producer notify : total items producted 8
Producer notify : total items producted 9
Consumer notify : consumed 1 item
Consumer notify : items to consume are 8
Producer notify : total items producted 9
Producer notify : total items producted 10
Consumer notify : consumed 1 item
Consumer notify : items to consume are 9
Producer notify : total items producted 10
Consumer notify : consumed 1 item
Consumer notify : items to consume are 9
Consumer notify : consumed 1 item
Consumer notify : items to consume are 8
Consumer notify : consumed 1 item
Consumer notify : items to consume are 7
Consumer notify : consumed 1 item
Consumer notify : items to consume are &
Consumer notify : consumed 1 item
Consumer notify : items to consume are 5
Consumer notify : consumed 1 item
Consumer notify : items to consume are 4
Consumer notify : consumed 1 item
Consumer notify : items to consume are 3
Consumer notify : consumed 1 item
Consumer notify : items to consume are 2
Consumer notify : consumed 1 item
Consumer notify : items to consume are 1
Consumer notify : consumed 1 item
Consumer notify : items to consume are 0
>>> -

Ln: 84|Col: 4

Sl

% consumer il H13% items [1 FRINF L BHE
condition.acquire ()

WERFIFKEZ N 0, AT B M THEAPRE -

if len(items) == 0:
condition.wait ()

4]
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I, ELh items FIFRAT pop HAE -
items.pop ()
XEE, T BPRSM BRI R A, SRR R

condition.notify ()
condition.release ()

% producer SR ZBR, ARFIAEFIR ST O (FEiZnBlF, FATE items F11R M
BRNHER A 100 WRFIFRCH, B EmTRS AT ERRRS, BRVIREHE AL
condition.acquire ()
if len(items) == 10:

condition.wait ()

GERBIFRAN, TRHHIN— item BE 22, SR5 AR IFREB R -

condition.notify ()
condition.release ()

FNRY R

TR FXF T AR HLE ) Python N A% SEBL AR A MR . G0 V%A 1A N #6828  Condi-
tion FIMIE T IEAR BB R, A BEHS A —1 Rlock () Xf K. b4, 7RI acquire()
5 released () W&k T & #

class Condition( Verbose) :
def init (self, lock=None, verbose=None) :
_Verbose. init (self, verbose)
if lock is None:
lock = RLock ()
self. lock = lock

(EFRASHLIl RS

HORHTELERBERNN R, —NEESERES, AN —MEESKNHES . 3
AE, FHENRSEHR - DNMAIRE, oTLLE set () 715 H %A true, ] DLE T
clear () JVEWHHEE N false, wait () HiEe—HIH%E, HBEMRELN true Nik,

BRI
N T BRI S RSB ATEF, ATFRE B= - 1 e T

[4a7]-
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import time

from threading import Thread, Event

import random

items = []
event = Event ()
class consumer (Thread) :
def init (self, items, event):
Thread. init (self)
self.items = items
self.event = event
def run(self):

while True:
time.sleep(2)
self.event.wait ()
item = self.items.pop ()
print ('Consumer notify
% (item, self.name)

class producer (Thread) :

%d popped from list by %s'\
)

def init (self, integers, event):

def

Thread. init (self)
self.items = items
self.event = event

run (self) :
global item
for i in range(100) :
time.sleep(2)
item = random.randint (0,
self.items.append (item)
print ('Producer notify
to list by %s'\
print ('Producer notify
% self.name)
self.event.set ()
print ('Produce notify
% self .name)
self.event.clear ()

256)

item N° %d appended \

% (item, self.name))

event set by %$s'\

event cleared by %s \n'\




if

__name__ ==

2 BTFHIEVHT

' main ':

tl = producer (items, event)

t2 = consumer (items, event)

tl.start ()
t2.start ()
tl.join()

t2.join()

THEERFIE

a1 2R BRI —ME, TR EFRIBRE L .

TR wait O KA 2AFIEHEE, IFAFIR P RBUZEAE .

| 74 *Python Shell

File Edit Shell Debug Opticns Windows Help

Broducer notify
Producer notify
Produce notify

Consumer notify

Producer notify
Broducer notify
Produce notify

Consumer notify
Broducer notify
Producer notify
Produce notify

Consumer notify

Producer notify
Broducer notify
Produce notify

Consumer notify

Broducer notify
Producer notify
Produce notify

Consumer notify

Producer notify
Broducer notify
Produce notify

Consumer notify

Broducer notify
Producer notify
Produce notify

Consumer notify

Producer notify
Broducer notify
Produce notify

Consumer notify

item 204 appended to list by Thread-1 il
event set by Thread-1

event cleared by Thread-1 i
204 popped from list by Thread-2

item 98 appended to list by Thread-1
event set by Thread-1
event cleared by Thread-1

98 popped from list by Thread-2
item 90 appended to list by Thread-1
event set by Thread-1

event cleared by Thread-1
30 popped from list by Thread-2

item 3 appended to list by Thread-1
event set by Thread-1

event cleared by Thread-1
3 popped from list by Thread-2

icem 162 appended to list by Thread-1
event set by Thread-1

event cleared by Thread-1
162 popped from list by Thread-2

item 208 appended to list by Thread-1
event set by Thread-1

event cleared by Thread-1
208 popped from list by Thread-2

icem 97 appended to list by Thread-1
event set by Thread-1

event cleared by Thread-1
37 popped from list by Thread-2

item 233 appended to list by Thread-1
event set by Thread-1

event cleared by Thread-1
233 popped from list by Thread-2

-

Ln: 480 |Col: 0

[40]-
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SCIFERE
producer K2xi@id 2 HAI#K 5 Event () BECKRYIME . 5% GORBIAFEKZ, %H
FRIFAERRI, WA —ASHAL B
class consumer (Thread) :
def init (self, items, event):
Thread. init (self)

self.items = items
self.event = event

TEFT OIS 5% H 1) run J7E T, producer 284004 FLFH N B 5% H &, AR5l a4
KW R APE, H— S PR
self.event.set ()

F W AUR -

self.event.clear ()
consumer %k H#|K 5 Event () REHATHILELL -
1E run 7k, JH A SR BT . MK HBIAR, B MK H AR FHH:

def run(self):
while True:
time.sleep(2)
self.event.wait ()
item = self.items.pop ()
print ('Consumer notify : %d popped from list by %$s' %
(item, self.name))

T &R T producer 5 consumer 252 (8] [/ TG HEAE

BB TR A

| g

EREANRLIANLIER L

0]
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{ERAwithiEa

Python (] with iEA)Z7E Python 2.5 5| NMI. 244 P AN S IR A 75 26— MR B
B HATIE, with iBGRERE R Hsk 7. deah, B with iE6), 367 DAYE 7 RS i
SRR BT XAER, with 56 X/E LR SCE RS ELFEASF, acquire()
5 release () AT A A6 G nT U AE with iR HA

B, R %t % n] AR with SR R S Hse

» Lock

» RLock

> A

 EEE

AR TAE
FEZR I, RAIEA wich AT 1 L.

BKIE(E
PORVIBR T with A0 MMEA R . Bl — M A, o B R 2 1 5 R
[, FRATTAT LA wi th i 601 FL 3 P B4 — R <

import threading
import logging

logging.basicConfig(level=1ogging.DEBUG,
format="' (% (threadName) -10s) % (message)s',)

def threading with(statement) :
with statement:

)

logging.debug('%s acquired via with' %statement)

def threading not with(statement) :
statement.acquire ()
try:
logging.debug('%s acquired directly' %statement )
finally:
statement.release ()
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if name == ' main ':

# Al — M A
lock = threading.Lock ()
rlock = threading.RLock ()
condition = threading.Condition ()
mutex = threading.Semaphore (1)
threading synchronization list = \
[lock, rlock, condition, mutex]

# fEforfE¥, A threading with
Y threading no with H#{
for statement in threading synchronization list
tl = threading.Thread (target=threading with,
args= (statement,))
t2

threading.Thread (target=threading not with,
args= (statement,))

tl.start ()

t2.start ()

tl.join()

t2.join()

BT RS T TR ROk Y, (A with A S AMEH with A SR,
e e

File Edit Shell Debug Options Windows Help
Python 3.3.0 (v3.3.0:bd8afb%0ebf2, Sep 29 2012, 10:55:48) [M5C v.1600 32 bit (Intel)] on win32 ;ﬂ
TIype "copyright™, "credita" or "license ()" for more information.
s RESTLRT
>»>
(Thread-1 ) <_thread.lock object at Ox0lA29620> acguired wvia with
{(Thread-2 ) <_thread.lock object at Ox01lRA23620> acguired directly
(Thread-3 ) <_thread.RLock owner=3344 count=l> acquired wvia with
(Thread-4 ) <_thread.RLock owner=7420 count=1> acguired directly
(Thread-5 ) <Condiction(<_thread.RLock owner=7720 count=l 0)>» acquired via with
(Thread-€ ) <Condiction(<_thread.RLock owner=6080 count=1>, 0)> acguired directly
{(Thread-7 ) <threading.Semaphore object at 0x01ED8710> acguired wia with
{Thread-3 ) <threading.Semaphore cobject at Ox01lED8710> acguired directly
>»>
-
Ln: 13|Col: 4

S
fEEREFY, BATE XL T —MIK, threading synchronization list,
RSy ST EE R

lock = threading.Lock()
rlock = threading.RLock ()
condition = threading.Condition ()

+{52]

BT AT
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mutex = threading.Semaphore (1)
threading synchronization list = \

[lock, rlock, condition, mutex]
€ X G, AE for IR G

for statement in threading synchronization list :
tl = threading.Thread (target=threading with,
args=(statement,))
t2 = threading.Thread (target=threading not with,
args=(statement,))

ha, BATEWmAEHbrkE, Hrh, threading with FF IR with iE4] .

def threading with (statement) :
with statement:
logging.debug('%s acquired via with' %$statement)

R R
MR, FAEM T Python {9 H ESH
logging.basicConfig (level=1logging.DEBUG,
format="' (% (threadName)-10s) % (message)s',)
EAE A% A AR % (threadName) TEAJEARRR HAEWM B APIIA TEREY . H BB L
PEZ24zH, ISR ZRE B AL B S AE i S rh R RS

{EFBASISEI e REiE S

WETETR, AR R B R s RN, AR BB S k. RIICEER T,
Python ZkFEMEB SR M TIRZ RV R, WIEESE. KRR, SF58. BRIMFERAZIE
e, (BB AT e — N T e BAIMEATEERIR A 5, JF HAEAS LR R A2 45 5
24, BUONENTaxT AR SR B A U M BEAT I 08, JF HSCRE SO HL T etk AR 1
B,

AN RIT 4 FBAITT %

» put ()« KK ETMEIAS .

> get () « MBAFUHIHBRIFIR Bl — 6 H

» task done() : BRHXALEE ANk HIN# M%7 %,

> Join() : R FEPHIE, EIHTA % H A AL TN,

[53]-
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BRRE
TEZRBIT, BT 2 A G T R 6 P e R S A BB e, BLAh, AT A 520,
EATL RN 2RI A AR ——BAF. AR R -

from threading import Thread, Event
from queue import Queue
import time

import random

class producer (Thread) :
def init_  (self, queue):
Thread. init (self)
self.queue = queue

def run(self)
for i in range(10) :

item = random.randint (0, 256)
self.queue.put (item)
print ('Producer notify: item N°%d appended to queue by %s

\n'\

% (item, self.name))
time.sleep (1)

class consumer (Thread) :
def _ init__ (self, queue):
Thread. init_ (self)
self.queue = queue

def run(self):
while True:
item = self.queue.get ()
print ('Consumer notify : %d popped from queue by %s'\

% (item, self.name))
self.queue.task done()

if __ name_ == '_ main_ ':
queue = Queue ()
tl = producer (queue)
t2 = consumer (queue)




t£3
t4

consumer (queue)
consumer (queue)

tl.start ()
t2.start ()
t3.start ()
t4.start ()
tl.join()

t2.join()

(
t3.join(
t4.join(

)
)

ARSI AT 5 ot an F s

2 BTFHIEVHT

File Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bdSafb20ebf2, Sep 29 2012, 10:55:48) [M5C v.1600 32 bit (Intel)] on win32
Type "copyright", "credits" or "license()" for more information.
> RESTART

>

Producer notify : item N° &8 appended to gueue by Thread-1
Consumer notify : 68 popped from queue by Thread-2

Producer notify : item N° 101 appended to gueue by Thread-1
Consumer notify : 101 popped from gueue by Thread-2

Producer notify : item N° &4 appended to queue by Thread-1
Consumer notify : 64 popped from queue by Thread-3

Producer notify : item N° 193 appended to gueue by Thread-1
Consumer notify : 193 popped from gqueue by Thread-4

Producer notify : item N° 234 appended to gueue by Thread-1
Consumer notify : 234 popped from gqueus by Thread-2

Consumer notify : 135 popped from gueue by Thread-3Producer notify : item N° 135 appended to gueue by Thread-1
Producer notify : item N° 186 appended to gueue by Thread-1
Consumer notify : 186 popped from gqueue by Thread-4

Producer notify : item N° 135 appended to gueue by Thread-1
Consumer notify : 135 popped from queue by Thread-2

Producer notify : item N° 217 appended to gueue by Thread-1
Consumer notify : 217 popped from gqueue by Thread-3

Producer notify : item N° 87 appended to queue by Thread-1
Consumer notify : 87 popped from gueue by Thread-4

=
Ln: 35/Col: 0

SERIRSRE
B kA4 producer . HAITSUE BT, FINHEF T BAIIKAZ 4L UG -

class producer (Thread) :

def init (self, queue):
Thread. init (self)

self.queue =

queue
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producer KR JLFELAE—A> for JEIA 2L REEHOFR LIRS

def run(self)
for i in range(100):
item = random.randint (0, 256)
self.queue.put (item)

producer %ff] Queve.put (item[, blockl, timeout]]) FB\SIFHIANR. FEXHIR
NN T N e TS
FFAE PRI AT BE
» ISR Ok S % block N true, Ff H. timeout A None (iX 2~ b FH I BRI OL),
MLt FHEZE, HERETHMMERIE, R tineout & —/NIEH, At HZE
EZ timeout £, WIRAEKIIMBAT AT FHORIE, AR 5% .
» M block Jy false, FBAEAT AT IR BT Ht &4k B CBIASI T « 75 03k
PO 7 (FEX RGO 2 2883 timeout), X B put () 2K AT S0, %
ToRIER BRI wait (), KP4 A T IG5 .
% TR A2 consumer 25, ZRFES MWBAF HSRIN B 2%, FF A H task done () kAR IRE O
TEAEx kAT AL T -
def run(self):
while True:

item = self.queue.get ()
self.queue.task done()

W 9 2 ] Queue.get ([block[, timeout]]), IF£7EMPAFI A S B B w36 HU 2 8
RTINS, BATHRE RS INERRIRS .

Ja, XA, AN producer 5414 T 26F2E t, A consumer 251 & T £ FE t1.
t2 5 t3;

if name == "' main ':
queue = Queue ()
t = producer (queue)
tl = consumer (queue)

t2 = consumer (queue)

(
t3 = consumer (queue)
t.start ()
tl.start ()
t2.start ()

t3.start ()

6]
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t.join ()

tl.join ()
t2.join ()
t3.join()

producer 285 consumer & [8] () A #AE 24500 F B R .

y \
oo > owmELE

A

BRI T

@ﬂ H E| E| E| ----- * — /‘

. B

L > HmEAE

e AAFIIER LI R LIZF

1 2 2t2 N FERIMERE

TEZIRE R, RATRIGE GIL 52, VAL 2 2 F8 B H P RE. WAl BTk, GIL J2& i
CPython fE R 2% BT 51 N VBANLE] . GIL S 76 MR 88 TP By 1k 2 R RE 1 R AT $04T . TEPT AT, &
AN EFEER LN A GIL BUETEIE AT LR . Sbr b, TR U7 i) R RE 2% o AT AT 2R P 4 ok AN
Python X} % SEFIRT, ff ke &% 2 0 Hil T R AR SRS GIL. X 1FE& GIL M H e —¢&
2B IEAN R 2R FE H R V7 18] Python X 5. GIL 2 R4 R8s 1IN A7, FF B ORI SO SE DA IE #f 11
J7 AT, bR b, WRIF R M LLIRAT AT R 1 7 ORI BIHR T RE D B 1, B4 GIL
PRI FEf . W CPython fifE &% FH MR GIL, A LFREFGEIATHAT T GIL AL
1E—NEREAEAR R AL EESS E3AT, A Ze R v — 2R O g

BRI

an N AR HISR PRAl — A 2 A2 B PR RE . BRI AR £ 7E 100 YOG AL A — A4
PBREC R EROR, FATSE BIX 100 YO & BRI — A £ for figdhd, FATRA T
non_threaded Ml threaded 4. MtAh, FATEAMR, M ELESE. WATWR T 1,
2, 354, MR T 8. fEARLRESATH, AR T I I ARE MUY 8 H 1 B& A0
FIRXEL. 9 T ibAG R Lk, B shAT s ) B B A2t Python [ timer BEHORIR LR

(57}
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A TPPA4 Python AARSIITERE, X LAUHS A2 —LE AT HIE A
(TR IZNE

from threading import Thread

class threads object (Thread) :
def run(self):
function to run()

class nothreads object (object) :
def run(self):
function to run()

def non threaded (num iter) :
funcs = []
for i in range (int (num iter)) :
funcs.append (nothreads object () )
for 1 in funcs:
i.run()

def threaded(num_ threads) :

funcs = []

for i in range (int (num_ threads)) :
funcs.append (threads object())

for 1 in funcs:
i.start ()

for 1 in funcs:
i.join()

def function to run() :
pass

def show_results(func name, results):

o

print ("%-23s %4.6f seconds" % (func name, results))

if name == " main ":
import sys
from timeit import Timer

repeat = 100
number = 1
num threads = [ 1, 2, 4, 8]

s8]
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print ('Starting tests')
for 1 in num threads:
t = Timer ("non threaded(%s)"\
% i, "from _ main  import non_threaded")
best result =\
min (t.repeat (repeat=repeat, number=number))
show_results("non_threaded (%s iters)"\

°

% i, best_result)

t = Timer ("threaded(%s) "\
% i, "from _ main  import threaded")
best result = \
min (t.repeat (repeat=repeat, number=number))
show_results ("threaded (%s threads)"\
% i, best result)

print ('Iterations complete')

SV

BAT—HHAT T 3 N, TR BE, & T AR R, 180T @ XAERBIAR
% function to run() H AR EARHS,

TR I HL 28 EC & N Core 2 Duo CPU-2.33Ghz.

FE— M

FEZMAA, AT VA eR 3L -
def function to run():

pass

N R SR R T IR R R BT .

Eile Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bdBafbO0ebf2, Sep 29 2012, 10:55:48) [MSC v.1600 32 bit (In ~|
tel)] on win32

Type "copyright”, "credits"™ or "license ()" for more information.

>>> RESTART
>>>

Starting tests
non_threaded (1 iters)
threaded (1 threads)
non_threaded (2 iters)
threaded (2 threads)
non_threaded (4 iters)
threaded (4 threads)
non_threaded (8 iters)
threaded (8 threads)
Iterations complete
P .

Ln:15/Col: 4

-000005 seconds
-000188 seconds
-000008 seconds
-000384 seconds
-0000098 seconds
-000713 seconds
-000012 seconds
-001387 seconds

Cooooooo




PythonFH{T4RIZSAft

HRAE 25 TR T LA B2 F2 U F M O ZE LA R AR = 220 . Reili, BliTie 2
RIS AR 04 5 A2 I LU 56 & s FE o, 4 AR ]2 0.0007143 £,
1M 8 MNELFE[I [A] 9 0.001397 5,

AR
2R FRE I B — A SR R il e X B AL EE . FRATTE I — AN R 7 iR AR AR 32
B s EEIX B R LR, W2 E L TS kAT 74 -

def function to run():
a, b=20,1
for 1 in range(10000) :
a, b=>b, a+b

B a0 T EIPTR .

7§ Python Shell
FI|E Edrt ShEII Debug Optlons Wmduws Help

32

Type "copyright", "credits" or "license ()" for more information.
> RESTART
>>>

Starting tests

non_threaded (1 icers) 0.021832 seconds
threaded (1 threads) 0.022062 seconds

non_threaded (2 iters) 0.044926 seconds

threaded (2 threads) 0.045434 seconds

non_threaded (¢ iters) 0.090262 seconds

threaded (¢ threads) 0.090161 seconds

non_threaded (8 iters) 0.177695 seconds

threaded (& threads) 0.178830 seconds

Iterations complete

>>> hd

Mot AT A 2, SRR BOF R RAT ALF 4k BRAGRAE Python AT, HI T8I
RS GIL A, 2 BRI A e ARG R B EE R 74h, ZLHefE, fER—I %,
GIL R Se¥F— AR Uy I iR 2s -

E= M
RS M test. dat SCAFH I —HEHE (1Kb) 1000 Y. RFIEA) s~ fiw -
def function to run():
fh=open ("C:\\CookBookFileExamples\\test.dat", "rb")
size = 1024
for i in range(1000) :
fh.read(size)

AR %t 25 R N BT R o
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File Edit Shell Debug QOptions Windows Help
Python 3.3.0 (v3.3.0:bdBafbo0ebf2, Sep 29 2012, 10:55:48) [M3C v.1600 32 bit (Intel |
}] on win32

Type "copyright”, "credits"™ or "license()" for more information.

S-a RESTART
>x>

Starting tests
non_threaded (1 iters)
threaded (1 threads)
non_threaded (2 iters)
threaded (2 threads)
non_threaded (4 iters)
threaded (4 threads)
non_threaded (8 iters)
threaded (8 threads)
Iterations complete
>3y |

-074713 seconds
-0743858 seconds
-150131 seconds
-082746 seconds
-301600 seconds
-168353 seconds
-604644 seconds
-353848 seconds

cooooooao

Ln:15/Col: 4 |

PAVE B 72 LRERBIH EIFH— NSRRI, BATERFIMELT non_threaded,
LREPAT FIAERT RO, . ESEPREIL T, FATRA LRI NEEAER . SR, KR
JHEINFIH, FFPATHARESS . BORAESLEEE DT, S ANERREPT AR R BRA . (EX T
FERFEFRUENIEAHE W, FRARE S0 T A LE -

S9N

fEfJE — Db, BATEM T urllib. request, X & —> Python B 5k, I T3k
URL. ZHEET socket fib, ] C 4’5 ) HE&RE %4

N PIA 217 0] https://vwww.packtpub.com/ TR, FFHEEEET IK 75 -

def function to run():

import urllib.request
for i in range(10):
with urllib.request.urlopen ("https://www.packtpub.com/")as f:
f.read (1024)

L IRARH A 45 SR R B PR

File Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bd2afb0ebf2, Sep 29 2012, 10:55:48) [M5C v.1600 32 bit (In |
tel)] on win32

Type "copyright”, "credits" or "license ()" for more information.

T RESTZRT
>>>

Starting tests

non_threaded (1 iters) 3.133642 seconds

threaded (1 threads) 3.159739 seconds

non_threaded (2 iters) 6.626534 seconds

threaded (2 threads) 3.383511 seconds

non_threaded (4 iters) 13.403415 seconds
threaded (4 threads) 3.732269 seconds

non_threaded (8 iters) 26.904945 seconds
threaded (8 threads) 4.927647 seconds

Iterations complete

>>>

-
Ln: 15|Col: 4
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WARFTIL, £ VO i REH, GIL SRl ZLRBEHITE L PLREIITIR. T IRZ N
SAE VO AT —EHEI TR, Bl GIL JA SRR P 53 B 2 2 AT 55 K A AT LU
PRIAT L .

R

FATIE AT 3 2R (75 SRR R Zhirf 18], TR 7N 1 X I K i ke, e,
Gz, R HEAPITERAFE A K. X, AT L E— D RIBIEEE, IExt
HAFFR o PAT AR BB B (775 - BB A . A, BRI AR I A BT i S R A5 5
(ER BRI AT 1 0% PO 87 B4 o o T AR08 T 400 Python F-7i B2 T 22 A% A1 S0 1) 2 TSR35
GIL N MM ? Jhf. HEAREREZ —FiE S MG, (H CPython MR 43 1R LLFE 5 #E
R MM ZE. X IEZ Jython. IronPython 5 AR 4% 31 A #4k GIL 1J5 K B e,
PIRABALE, EFFRAEMRER: T BT




AEFEARS :

{# F§ multiprocessing Python fH 1R
Wrr A= gk R
ey R AT 44
WHTfE f5 s 47 it
ey % AU RERE
WHATLE -2 A AR

Q] 78 3R [F) A2 He X B

15 FH BAZ1 RAZ 4 xf 5

i T R AS X B
T [E) 22 i A

ey BE R (RR A
AT A5 FH i R

1 F§ mpidpy Python itk

RON RIEAS

Tt f AL )

fERT FESC IR A @G

% ] scatter PR ECSEIL R A8 1E
{iF gather PRSI &0 AE
8 AlltoAll SEILER A 8AS
TR #RAE

AR AL (E




PythonFHTHmIZSAt

s

552 WA T AEE SRR SEI IR ], AT A iR TR T R, 3R
I R 2 AE AN |« Python [#) multiprocessing #idtt mpidpy Bk,

Python ] multiprocessing /2 1 & hrdE M — 4y, © Sl /=N fEmAETE, W
RGEE DAL, EATER A LG A B — N AL AE

Python [1] mpidpy ESEIL 7 4 NH EAE S ImETE, EIFASMHILERE Xk
eI, I H A (E A i R (A B A 4 R 2R SE IR

X T IXEEAF MR UL, BT SR At P A I S A B BB LA R S B R AR E I AE
ARIR . 1EH BB F, S & send () 5 receive () 18 {E I EZELRM

£ Python ] multiprocessing SCFS /-2 Hhif Mt B2 2] 1% G P D B A1 75 206 ik
SNF)FHEHA (https://docs.python.org/3.3/library/multiprocessing.html),

£ IDLE H/2 ik main ARG N TRERE), RIMERR A DL TR s T AT .
NTRBIEMPIZER, AT M ar SR HIg AT a0
python multiprocessing example.py

X B ) multiprocessing_example.py ZMAKI 4T X TAFEF/AARIRGIRY, LA
¥ 28 4 Python 3.3 BiRAS (Python 2.7 &R LAKD .

SNMa & plittE

ARiE “A R (spawn)” FRI 2 I SCHERER B BERE . 299K, SCiERE 2 DL B (78 4k
aPAT, BUTSRr, HE|TIEREPATE R NI, Python [ multiprocessing fEn] DLl a0
AR TR

1. FIEEXT SRR .

2. WHH start () 7. ZHESITRHEES).

3.0 W Join () k. B, HIHERE e UL TR AL,

BRI

PORBIER T I O0 — F 5 (54 MR AR foo (1) MHL b 198
F J& 5 R T SRR 1D«
# AR ANEERE ¢ 5 3 & TR AIRAT

import multiprocessing

ea]




def foo(i):
print ('called function in process: %s' %i)
return

if name == "' main ':

Process jobs = []
for i in range (5):
p = multiprocessing.Process (target=foo, args=(i,
Process jobs.append (p)
p.start ()
p.join ()

LRI AR I BN SR, & BT R R AT, AR SR

spawn_a_process.py) [ HZHITI, SAEHMA TH K m4

python spawn_a process.py

BATZ A2 S i W R RR -

3 ETFHENFT

B3 CaY A

C:\Python CookBook\ Chapter 3 - Process Based Parallelism\Example Codes

Chapter 3>python spawn_a_process.py
called function in process: 0

called function in process:
called function in process:
called function in process:
called function in process:

LRGSR

[N VO RN S

IR U A AT Ay AR HR o P B e 1, EAE QNN R, H AR

multlproce531ng$%t%:

import multiprocessing
PR RAE BT h I8 R

p = multiprocessing.Process (target=foo, args=(i,))
SRIGIH start () T -

p.start ()

SRV NN s N

X RHRR R A AS L, TR RIREII B (2B, B foo (). AT
&[] R HUAE I T — AR, R E SRR I BRI R B, S A HE AR R

join() Jjif -

p.join()

IRAPH p.join O, WA TR 2 23 T RAEA LR, 5T KRB IE T3/ IEE

(5]
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FORY R

K R PEEE T HATIAE main #87) SLGIHL Process X G E T
if name == "' main_ ':

AR ORI K TR S S ANEE T HARRE A . BTk, AR b s
PCREREXT G, AT LA 1k BTG FR U 1 FH SE A 165 *Wﬁﬂ%%%ﬁ&mf%% AN

A LHERE, REHBESAmE . i, ﬁ?%*le%% BT XS .

import multiprocessing
import target function

if name == "' main ':

Process_jobs = []
for i in range(5):

p = multiprocessing.Process \

(target=target function.function,args=(i,))
Process jobs.append (p)
p.start ()
p.join()

NI/ target function.py AR
#target function.py
def function(i):

print ('called function in process: %s' %i)
return

B th 5 _E— AR B

Mo Rditizas

fE E—omflrh, BATARR TR T AT H AR R SR id AR . A, HEREREK
AT, BN R EREAR IR mr R (KA B T 1) R k.

BRERE

X HEFEREAT i 4 L RR R AT 2 AU B RREE (SWATE 2 5.

TEEFEPH, FATEIE T — A 2 AR — DA A IR . X AR
T FE— BArek L foo ()
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XA T AR A 3T TR IT
import multiprocessing
import time

def foo():
name = multiprocessing.current process () .name
print ("Starting %s \n" %name)
time.sleep(3)
print ("Exiting %s \n" %name)

if name == ' main ':
process_with name = \
multiprocessing.Process\
(name:'foo_process',\
target=£foo)
process_with name.daemon = True
process_with default name = \
multiprocessing.Process\
(target=£foo)
process with name.start ()
process with default name.start ()

LHEATIZHERE, W FTIF a2 PnF IR MmN R 4
python naming process.py
N IEAT A2 5 e L A
C:\Python CookBook\Chapter 3 - Process Based Parallelism\Example Codes
Chapter 3>python naming process.py
Starting foo_process
Starting Process-2

Exiting foo_process
Exiting Process-2

SLAIRSRE
AR T AR G 4 I A . BEARRTIERE A 44, LR B T AR 544 B

process with name = multiprocessing.Process
(name="'foo function', target=foo)

fE R, ATV T foo function MERL, WIS T HER B A1 HL T @ 1 AR A,
T T A B D <

name = multiprocessing.current process() .name
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155 GIBAT AR — PP L R R FE I AL BE AT, EAREMRMA NS TR, 458t mT A
5 HABFE T I K AT . Python | multiprocessing #EUEIL daemon I n] DASEHLEEFE )G &
BT

BKER(E
AT BRGNS R -

import multiprocessing
import time

def foo():
name = multiprocessing.current process () .name
print ("Starting %s \n" %name)
time.sleep(3)
print ("Exiting %s \n" $name)

if __name_ == '_main_ ':
background process = multiprocessing.Process\
(name='background_ process', \
target=£foo0)
background process.daemon = True
NO_background process = multiprocessing.Process\
(name="'NO_background process',\
target=£foo0)

NO_background process.daemon = False

background process.start ()
NO_background process.start ()

N T A PRTF IS AT IZEA, ERAI T4
python background process.py
i A e A B A0 R P

C:\Python CookBook\ Chapter 3 - Process Based Parallelism\Example Codes
Chapter 3>python background process.py

~es]
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Starting NO_background process
Exiting NO_background process

SCOIFSHE
N TR GPATIHERE, BATRE T daemon 24 -
background process.daemon = True

FEE G RE R AR, FIEERFSERE, BetEa AshEi R, im s Gt
MIFFERIZAT o

R

EE, ReHREEARVFOIE PR, B, X5 GHRENCGHTRR N, Ex%It,
RSB GG TR B BIRE . LAk, B UNIX s iR alids, e11
AU IEH R, R G #RIR M, efTa%it.

SN RFEiHEE

" LU terminate () JP{ESLZRIE— AN EERE . BBAh, BV DUEL is alive () J7iEKiE
PR A

BURIR(E
FEZRBd, AR H AR foo O REIER. HRERZN)E, HATED terminate ()
BR AR HORSE -
# RSERERE - 5 3 & . R THRERIHMT
import multiprocessing
import time

def fool():
print ('Starting function')
time.sleep(0.1)
print ('Finished function')

if name == "' main_ ':
p = multiprocessing.Process (target=foo)

print ('Process before execution:', p, p.is alive())
p.start ()
print ('Process running:', p, p.is alive())
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p.terminate ()

print ('Process terminated:', p, p.is_alive())
p.join ()

print ('Process joined:', p, p.is _alive())
print ('Process exit code:', p.exitcode)

TEPRER AT EiR ) B AR

7 ewvon el | e

Eile Edit Shell Debug Optiocns Windows Help

Python 3.3.0 (v3.3.0:bdSafb90ebf2, Sep 29 2012, 10:55:48) [MSC v.1600 32 kit (Int
el)] on win32

Type "copyright™, "creditcs" or "license ()" for more information.

eSS REESTART
x>

Proces=s before execution: «<Process(Process-1, initial)>» False

Process running: <Process (Process-1, started)> True

Process terminated: «<Process(Process-1, stopped[SIGTERM])> True
Eroces=s joined: «<Process(Process-1, stopped[SIGTERM])> False
Process exit code: -15

x>

SRS RE
T E TR, RFEN is alive () FykEHAEm A Y. BTk, HH termi-
nate () A& IEHFE :

p.terminate ()

B, ARRRAOERT AR TR, FFEELT ExitCode JEMEAE . ExitCode [H]HEIH
A F LI

» = 0: RNWHH

» > 0: ﬁrﬁﬁLﬁT% IR H

> < 0 RRIBPEAZ S -1 * ExitCode FHE T o

X ZaRBIR UL, ExitCode ARG i B A -15. $AfH -15 Fom TRERRBET 15 Prinil
I E S 240k T

WMIEFRpERRE

BUESEELE B LR ERE, W

> XA Process KiK.
» HE _init_(self [,args]) 7B S0
» E5 run(self [,args]) JikSiBl Process i35 F B M.

+70]
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QL7 HT ) Process T Ja, RATLAGIEER —ASEfl, SRRl start () J5ikk
JBE, ZITEN M run () 7k

BKER(F
RATRLL FE 07 RES H— A=) -

#EET RPN, H35. BRTHRNIMT
import multiprocessing

class MyProcess (multiprocessing.Process) :
def run(self):
print ('called run method in process: %s' %self.name)
return

if name =
jobs = []
for 1 in range(5):
p = MyProcess ()
jobs.append (p)
p.start ()
p.join()

TR M A IR IS T IZA, ERAW N4
python subclass_process.py
kA B A R0 TR -

C:\Python CookBook\Chapter 3 - Process Based Parallelism\Example Codes
Chapter 3>python subclass_process.py

= ' main ':

called run method in process: MyProcess-1
called run method in process: MyProcess-2
called run method in process: MyProcess-3
called run method in process: MyProcess-4
called run method in process: MyProcess-5

SCIFERE
FFAS Process FRE W L — N4k 7K [ Process K HEE T H run() H LM RE R,
Z I Process [HIERAR AT -

class MyProcess (multiprocessing.Process):
def run(self):

(71}
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print ('called run method in process: %s' %self.name)
return

EFEBEFH, AT T MyProcess () KM JLNMAT R Y start () FiEWRAE, &
T EHAT -
p = MyProcess|()
p.start ()

join() T AFHERR A L.

WM EHIZEIZZIRATR

FEAT N B R 75 BEAE AR (R 4T B A8 # . multiprocessing R /N IBAG EIE, @it
AT DUV FEXT R RS e, Al RS S5 TE, W R EFTR.

i

g

multiprocessing &R 1 §Y1& (5188

{ERBASIR TRIR IR

HOBTRTE, AT LUEIL S BR S MR AR <

BB SR o AR SE SIS, B RARE SRR A, (LRI R (Python
Fi pickable HEHURFFILAT ) #ERT LB L3847 A2 e

B{RIRE
R 7B @ s T an el FH BA B SR pe A 77 2 - Y 9 1) 8L, producer ZRB1 5 T 4% H 5B\,
consumer FRNFEME T REBRFTIGA MK B 014 -




import multiprocessing
import random
import time

3 ETFHENFT

class producer (multiprocessing.Process) :
def  init (self, queue):
multiprocessing.Process._ init__ (self)

self.queue = queue

def run(self)
for i in range(10) :

item = random.randint (0, 256)

self.queue.put (item)

print ("Process Producer : item %d appended to queue %$s"\

% (item, self.name))

time.sleep (1)
print ("The size

o

of queue is %$s"\

% self.queue.gsize())

class consumer (multiprocessing.Process) :

def init (self, queue):

multiprocessing.Process. init (self)

self.queue = queue

def run(self):
while True:

if (self.queue.empty()) :

print ("the queue is empty")

break
else
time.sleep (2

)

item = self.queue.get()
print ('Process Consumer : item %d popped from by %s \n'\

o

time.sleep (1
if _ name_ == '_ main

% (item, self.name))

)

queue = multiprocessing.Queue ()

process_producer
process_consumer

process_producer.
process_consumer.

process_producer
process_consumer

= producer (queue)
= consumer (queue)
start ()
start ()
.join()
.join()

(73]
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NHEREFIEAT SRR
C:\Python CookBook\Chapter 3 - Process Based Parallelism\Example Codes
Chapter 3>python using_queue.py

Process Producer : item 69 appended to queue producer-1
The size of queue is 1

Process Producer : item 168 appended to queue producer-1
The size of queue is 2

Process Consumer : item 69 popped from by consumer-2
Process Producer : item 235 appended to queue producer-1
The size of queue is 2

Process Producer : item 152 appended to queue producer-1
The size of queue is 3

Process Producer : item 213 appended to queue producer-1
Process Consumer : item 168 popped from by consumer-2
The size of queue is 3

Process Producer : item 35 appended to queue producer-1
The size of queue is 4

Process Producer : item 218 appended to queue producer-1
The size of queue is 5

Process Producer : item 175 appended to queue producer-1
Process Consumer : item 235 popped from by consumer-2
The size of queue is 5

Process Producer : item 140 appended to queue producer-1
The size of queue is 6

Process Producer : item 241 appended to queue producer-1
The size of queue is 7

Process Consumer : item 152 popped from by consumer-2
Process Consumer : item 213 popped from by consumer-2
Process Consumer : item 35 popped from by consumer-2
Process Consumer : item 218 popped from by consumer-2
Process Consumer : item 175 popped from by consumer-2
Process Consumer : item 140 popped from by consumer-2
Process Consumer : item 241 popped from by consumer-2

the queue is empty

+74]
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SLAURSRR
multiprocessing AL EREF LB | Queue XF 4 -
if name == "' main_ ':

queue = multiprocessing.Queue ()

R kA TN RS, producer 5 consumer, J£44 Queue X RAEA—NEM:

process producer = producer (queue)
process_consumer = consumer (queue)

BERE producer fi 3T H put () J¥ERBAIIHHEA 10 2% H -

for i in range (10):
item = random.randint (0, 256)
self.queue.put (item)

#ERE consumer ES5 MBI R REERAE H (] get J7ik), FFIRIEASIA N Z . Wik
BAFI S, A while fE3hH HRAZEL & 40 break A2 L

def run(self):
while True:

if (self.queue.empty()) :
print ("the queue is empty")
break

else :
time.sleep(2)
item = self.queue.get ()
print ('Process Consumer : item %d popped from by %s

)

% (item, self.name))
time.sleep(1)

R E
P\ H1H —/~ JoinaleQueue T2, ‘B HHA W R H/NHHIN 7%

» task done() : XFEIR—MESCAEIATIERE, I, 7E get () 7k MBAFI SR 2%
HzJm. Bk, & R esbAaHE s prid i .
» join() : RPHIERRE, ERIPASI P RIPTA % HHPERBOFC LS.

(EREE] ﬁiﬁ%‘ﬁﬁ}ﬁa
45 RSB AL R A
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EIE SR T S
> R[] ETERTER N ERR R

> EIXE, BN REPIA send/receive Jrik, SKBIBEREREIS .

BRI
FE B AN R BT AN, SRR 089
MR 22 BB e e BT 7

import multiprocessing

def create_items (pipe) :
output pipe, _ = pipe
for item in range(10) :
output pipe.send(item)
output pipe.close()

def multiply items(pipe 1, pipe_2):
close, input _pipe = pipe 1
close.close()
output pipe, _ = pipe 2
try:
while True:
item = input pipe.recv ()
output pipe.send(item * item)
except EOFError:
output pipe.close()

if name == ' main ':

#FIMABF0~9H B — DL EE
pipe 1 = multiprocessing.Pipe (True)
process pipe 1 = \
multiprocessing.Process)\
(target=create_items, args=(pipe 1,))
process pipe 1l.start()

#E T AVEE
pipe 2 = multiprocessing.Pipe (True)
process pipe 2 = \
multiprocessing.Process)\

+7e]

X104, S
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(target=multiply items, args=(pipe 1, pipe 2,))
process pipe 2.start()

pipe 1[0] .close()
pipe 2[0] .close()

try:
while True:

print (pipe 2[1] .recv())
except EOFError:
print ("End")

Bt N E TR .

e . e

File Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bdSafbf0ebf2, Sep 28 2012, 10:55:48) [MSC +.1600 32 bit (Intel)] on win32
Type "copyright™, "credits™ or "license ()" for more information.

FEx RESTARRT
T

SLIRSRE
B42—F, pipe () BRI A — AN XA & T8 BT B 1 — X E R %, 1B %,
out pipe B& THF 039, © & HARKE create items () AE AT -

def create items (pipe) :
output pipe, = = pipe
for item in range (10):
output pipe.send(item)
output pipe.close()
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1E

FHoANBRETEWANETE - MAEIE S TER R EE

process pipe 2 = multiprocessing.Process (target=multiply items,

args=(pipe_1, pipe_2,))

HAEATENEA -

try:

while True:
print (pipe 2[1].recv())

except EOFError:

print ("End")

WMaELHEE

ZAERE R DL R TAERPAT A4 E RS . RGO T, el sids. 240
XSRS A - SRR AR E B Bk, e AR AT U
WAL W — 52 FUFP SR ) Bl o ()20 BAE 0L T Z W 48 ) P 55 2 R P ] RIS 2 [R] 20 i

BN TR,

>

Lock : Xt R Al AL T E8S & LBUIRES. B A WA ik : acquire() 5 re-
lease (), FT&FEXILZREAIVI A,

EH o EOl TR EREE, AR S R ES, H R S .
Event Xf LA N5k« set () 5 clear (), HTEHNEIRE.

£ WG TR BETSRFATHREF RS TER. BamAN_ARSIE,
wait () FH T4 F, i notify all () AT 5HTR K& T8 .

SEE  ATIEALEE, thhn, SCREE 2 EE R F SR,

RLock : 5 X T # A Lock Xt 4. RLock K /7% MIENfE S Threading kA ff—Ff,

FBE : B —ANFEF RIS NN B, B e ER AT SERE AR Rk 5 A RE T P AT BE
W J5 AR AN e 5 B B i B ARRS H AT

BRI
ORI RR T WA barrier () RES WA MR, RATH 4 N, SRR 1 it
P22 R REAORT R, MERE 3 LSRR 4 WIAT I IS 4R S

import multiprocessing

from multiprocessing import Barrier, Lock, Process

from time import time
from datetime import datetime

def test with barrier(synchronizer, serializer):

7]
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3 ETFHENFT

multiprocessing.current process () .name

synchronizer.wait ()

now = time ()

with serializer:

print ("process %s ----> %s" \

% (name,datetime. fromtimestamp (now) ) )

def test without barrier() :

name =

multiprocessing.current process () .name

now = time ()

print ("process %s ----> %s" \

% (name ,datetime.fromtimestamp (now)))

if name

== ' main ':

synchronizer = Barrier(2)

serializer = Lock ()

Process (name='pl - test with barrier'\

,target=test with barrier,\
args= (synchronizer, serializer)) .start ()

Process (name='p2 - test with barrier'\

,target=test with barrier,\
args= (synchronizer, serializer)) .start ()

Process (name='p3 - test without barrier'\

,target=test without barrier) .start ()

Process (name='p4 - test without barrier'\

,target=test without barrier) .start ()

IIAIEATfE, BATFE R 1 SHERE 2 FTEIH 1A [ A I (] 8, -

C:\Python CookBook\Chapter 3 - Process Based Parallelism\Example Codes

Chapter 3>python process_barrier.py

process pl - test with barrier ----> 2015-05-09 11:11:33.291229
process p2 - test _with barrier ----> 2015-05-09 11:11:33.291229
process p3 - test_without barrier ----> 2015-05-09 11:11:33.310230
process p4 - test_without barrier ----> 2015-05-09 11:11:33.333231

SLRIKSHRE

XA, JATEIE T 4 D . A, IEHRE-ADHFEMGURTE. FEFEE S5

2 RIRHEE

BB SCR
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if name == ' main ':

def

now

synchronizer = Barrier(2)
serializer = Lock/()
Process (name='pl - test with barrier'\
,target=test with barrier,\
args= (synchronizer, serializer)) .start ()
Process (name='p2 - test with barrier'\
,target=test with barrier,\
args= (synchronizer, serializer)) .start ()

test with barrier function £x#UTHRREEAT wait () J5ik -

test with barrier (synchronizer, serializer):
name = multiprocessing.current process () .name
synchronizer.wait ()

P BEREESR A T wailt O Jrikia, EA T R POR IR -

= time ()

with serializer:

print ("process %$s ----> %s" % (name \
,datetime. fromtimestamp (now)))

TERER T — BB i A B AN RE Y o

XA

1 BEEEP2
e — Tt

B

PEREP2EE B, B E P
KiE—ME I HEE, B
PP FP1E % R A 11

P2

i

A AR R BV
Fem BRI THH R AR AU
FEIFGIAT

HEFEPL P2

fERREREEIHE
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MO SIEHIEEIAE

Python [ multiprocessing fER$E AL | —FpE BRI R UM A 2 2 AL 25 5. EEENT R
SR — ARG I R, %R REA Python X%, FFAI DIk H AL SRR IX S X 5 .

EHISAW e

> EREHIRSG R, ZRE S IR
> A NBESEEXIRE, B Eﬁf% %XT%T%HJ&&EP%‘BAE%}?

EAZISETM’E
N — AR B e R SR

L EHE, BF0E - MERSIIR, JEE A taskiorker PILEE, BT H A
SHEBRG

2. HPTHPATEIIT RS, BISIRSBATEN R R

import multiprocessing

def worker (dictionary, key, item):
dictionarykey] = item

if name_ == '_ main ':
mgr = multiprocessing.Manager ()
dictionary = mgr.dict ()
jobs = [ multiprocessing.Process\
(target=worker, args=(dictionary, i, 1*2))
for i in range(10)
1
for j in jobs:
j.start ()
for j in jobs:
j.join()
print ('Results:', dictionary)

B R TR

C:\Python CookBook\Chapter 3 - Process Based Parallelism\Example Codes
Chapter 3>python manager.py

key = 0 value = 0

key = 2 value = 4

key = 6 value = 12
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key = 4 value = 8
key = 8 value = 16
key = 7 value = 14
key = 3 value = 6
key = 1 value = 2
key = 5 value = 10
key = 9 value = 18

Results: {0: O, 1: 2, 2: 4, 3: 6, 4: 8, 5: 10, 6: 12, 7: 14, 8: 16, 9:
18}

SLAURSHE
PR R iR A AR TR
mgr = multiprocessing.Manager ()
FEAE T ORBIEA . QI 17— SR A RE 454 -
dictionary = mgr.dict ()
$& R R hn# multiprocess :
jobs = [multiprocessing.Process \
(target=taskWorker,args=(dictionary,i,i*2))

for i in range(10)

]

for j in jobs:
j.start ()

XH, HFreR% taskiorker 2 AR 45 H4 T I AP I — 426 H

def taskWorker (dictionary, key, item):
dictionarylkey] = value

e, FRICE 8 B 5 S A TR R

for j in jobs:
j.join()
print ('Results:', d)

SNMafEFHREE
multiprocessing FE4R (% T Pool 9/ T- L M F AL S5, Bool FHH I F ik,

» apply() : —HSPHZE, HIEREHME NI,
» apply async() : XA apply () FiEM—ANEF, SRE—DERNTR. E&2 7

+82]
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SRR, JEARBUE AR, HBA TREPIUT eI,

» map () : XEWER map () REIIIFATIRA . EaHEL, BERSRE NiL,

R RIS EE LB I PR A i R, R D9 A 55 KT

%5

» map_async () : X2 map () FVEAR AR, SIREANGERM R WRIEE TR,
WA EHATT LA, I Bl 28 B8R, R aEmse (6

BRI T ). FIVAREZSL MISERG 5 70, ALIES SRR LR i 4 W PH S
BINR(E

ZoRBI A T A SEEL AN HERE SR PAT — AT R o AU T — AN 4 DR A

RIREREL, SR J5 A A RE I map J7 iR IAT — A B B

def function square(data) :
result = data*data
return result

if name == ' main ':
inputs = list (range(100))
pool = multiprocessing.Pool (processes=4)
pool outputs = pool.map (function square, inputs)
pool.close ()
pool.join ()
print ('Pool :', pool outputs)

THAE TR R R4S

C:\Python CookBook\Chapter 3 - Process Based Parallelism\Example Codes
Chapter 3>\python process_pool.py

Pool : [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144, 169, 196,
225, 256, 289, 324, 361, 400, 441, 484, 529, 576, 625, 676, 729, 784,
841, 900, 961, 1024, 1089, 1156, 1225, 1296, 1369, 1444, 1521, 1600,
1681, 1764, 1849, 1936, 2025, 2116, 2209, 2304, 2401, 2500, 2601, 2704,
2809, 2916, 3025, 3136, 3249, 3364, 3481, 3600, 3721, 3844, 3969, 4096,
4225, 4356, 4489, 4624, 4761, 4900, 5041, 5184, 5329, 5476, 5625, 5776,
5929, 6084, 6241, 6400, 6561, 6724, 6889, 7056, 7225, 7396, 7569, 7744,
7921, 8100, 8281, 8464, 8649, 8836, 9025, 9216, 9409, 9604, 9801]

SLAURSHE

multiprocessing.Pool J ka4 function square N F# A Jo & L RBAT — A1) B A0

. JHTHREM SR 4

(83}
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pool = multiprocessing.Pool (processes=4)
pool.map J7 ke R AT LRI AE 55 T AR AL e it
pool outputs = pool.map (function square, inputs)
24y inputs &M 0 £ 100 FIEEHFIE -
inputs = list (range(100))
TS R WA E] pool outputs W1, 45K, KRG RITEIHK
print ('Pool :’ , pool outputs)

EAHER I, pool.map () JEMI4E AT Python WK map () HIEER, DX HlfE T it
FERE AT AT -

{FEAMpi4pytEiR

Python iFLI 2 R4 T A F 1) MPL A BRI AT A, JLof R4 81— 32 moidpy
P, B HEEAE MPL12 62 b, JFHROET — AT U RAGHE T, (LR MPL2 Chr S15E.
ISR A C MPLFP, 04 T BN 3t 4055 ST9 M0 7. I, &5 Python th
JUTAT B 54 S RER ) MPL A

AR R L £ A 0V E B0 3 P B

> RN RS

> RA

1
HEE T

T T A 44 7E Windows H %2 3¢ mpidpy [k #2 (X T H AL EAE RS, 5 S % hitp://
mpidpy.scipy.org/docs/usrman/install . html#) :

1. M http://www.mpich.org/downloads/ F# MPI #4f)E mpich, & TN B FTR.
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€ 8 o rpicherg ok | . mpihtomwindoms

8 i vianael || Cominizian

MPICH

Home About Downloads Documentation Support ABI Compatibility Initiative

Downloads

MPICH is distributed under a BSD-like license. NOTE: MPICH binary packages are
available in many UNIX distributions and for Windows. For example, you can search for it
using "yum” (on Fedora), “apt” (Debian/Ubuntu), “pkg_add” (FreeBSD) or “port"/"brew" (Mac
0S). If available for your platform, this Is likely the easiest installation method since it
automatically checks for dependency packages and Installs them. Otherwise you can use the
installation guide for installing MPICH from the source code below.

Release Platform Download Size

mpich-3.1.4 (stable release) MPICH [http] 11 MB

hydra-3.1.4 (stable release) Hydra [http] 3 MB
(mpiexec)

High-Performance Portable MPI "

i Search

= News

= Documentation
= Downloads

= Support

= About

MPICH2 was awarded an
R&D100 award in 2005

MPICH & E

2. AR AT SIRRAT bR, e R DUE B O3 SR IS AT RITOT A B B i 3R OR AT

W

MWE B G SRR T is
MPICH2.

TR R, ERONATE H P 223% MPICH2 1X— &I,

® NN Nk

SR PAT I

ZAT cpi.exe,

1817 wmpiconfig JFAEEH P 2 5% Y. A I Windows
B4 C:\Program Files\MPICH2\bin NINFIRG4E, TOEFH#s .

i smpd -status R Er smpd, Mi%iR[A] smpd running on Shostname$,

b, i3k N SMPICHROOT \examples H 3% 3{#i ] mpiexec -n 4 cpi 3k

z 1T msiexec /i mpich installation file.msi S 22 B

G P4

9. M https://pip.pypa.io/en/stable/installing.html | % Python % % %% pip, 40

THEPR.

1X 2> 7E Python %3¢ H %X/ Scripts HgxH i —4 pip.exe .
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TR T E -

T

Docs » Installation

Installation

Python & OS Support «

pip works on Unix/Linux, OS X, and Windows

pip included with Python

you may have pip already.

Install pip

& Read the Docs

To install pip, securely download get-pip.py. 121

pip works with CPython versions 2.6, 2.7, 3.2, 3.3, 3.4 and also pypy.

Python 2.5 was supported through v1.3.1, and Python 2.4 was supported through v1.1.

Python 2.7.9 and later (on the python2 series), and Python 3.4 and later include pip by default (1], so

fE 3 A 40R-0 & =

Q Edit on GitHub

PIP T&( T

10. F2 1 RAE A 23 FF A N T iy 2R 22 3% mpidpy -
C:> pip install mpiédpy

BE{Rig(E

BA @ R — AL AR R T BN “Hello, world!” X
R LZTE

#hello.py

from mpidpy import MPI

comm = MPI.COMM WORLD

rank = comm.Get rank()

print ("hello world from process ", rank)

N T AT, TERA DT A4

C:> mpiexec -n 5 python helloWorld MPI.py
PATEE R P

('hello world from process ', 1)
('hello world from process ', 0)
('hello world from process ', 2)
('hello world from process ', 3)
('hello world from process ', 4)

— IR RITE MPI T

6]
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SLOIRSRE

fE MPLH, FFATRE AT IR o i i S OB R W] DA — R S B e SEAT AR R, X
LR AES (rank) o QR —AFEFAT p MRERETEISAT, BARMFERIFL 2 0 £ p-1.
FIT R 1) iR MPL 4L 1 0T R 5
rank = comm.Get rank ()

R B2 IR B B RS RE 25 . comm SEMUEIEAE RS, BINEE X THTHK—
ER HAREE R, R
comm = MPI.COMM WORLD

RERE (A 8 5 7~ B a0 I FTs

MPI.COMM_WORLD Hi##2 8] #9185 1l

ORI TR

EARERRE, HTUHWRER, frdEmd B LR ERRAFR, BAZAHRERR
RS N, BERGN SR RESEI . Rk, BAE S TR NI L8 « MPI
PAT LR T R ) RS ERE AR 2 I AT AR TR (20 13 4 (1 — AR, SRR RERE 2 i 2 ]
FERRF AT IR

A RIEE

MPI I #2 {3t (¥ B BERp 1k 2 — i e mxt OE A, AR B2 T AZE PN AR AR G Al - —
ANHERERRNCE, N HERERIE S
Python 8t mpidpy &L AR P R BOR S mUx m 38 A o

» Comm.Send(data, process destination) : ¥AE &KIE4 HbridtRE, Hirdbfe 2 hH
TEIBAE 2R P B S ZORAR I
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» Comm.Recv (process_source) : MUFHFFEEUCEHE, Y5t FE 02 B AR @5 2l i
SRR IR
Comm ZHFR/RIEERS, ©E X THREH, wTLLEdE EAE @ -

comm = MPI.COMM WORLD

BRIRE
W R B ER T anfalfdi A comm. send 5 comm. recv 54 7EAN [EBEAR A A2 1 VH B,

from mpi4py import MPI

comm=MPI.COMM WORLD
rank = comm.rank

print ("my rank is : " , rank)
if rank==0:
data= 10000000
destination process = 4

comm. send (data,dest=destination process)
print ("sending data %s " %data + \
"to process %d" %destination process)

if rank==1:
destination process = 8
data= "hello"
comm. send (data,dest=destination process)
print ("sending data %s :" %data + \
"to process %d" %destination process)

if rank==4:
data=comm.recv (source=0)
print ("data received is = %s" %data)

if rank==8:
datal=comm.recv (source=1)
print ("datal received is = %s" %datal)

BTN A 2 RIBAT A -
C:\>mpiexec -n 9 python pointToPointCommunication.py

AT A E S 2 4

s8]
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('my rank is : ', 5)

('my rank is : ', 1)

sending data hello :to process 8
('my rank is : ', 3)

('my rank is : ', 0)

sending data 10000000 to process 4
('my rank is : ', 2)

('my rank is : ', 7)

('my rank is : ', 4)

data received is = 10000000

('my rank is : ', 8)

datal received is = hello

('my rank is : ', 6)

Sy

FAVEHS 9 AN HEFERISAT 2R 0], XFEAEE(E F AL comm /1, HUAT 9 AN AT PR IIE A5 AIAE 55 -
comm=MPI .COMM_WORLD

BeAh, N TARRI AP RAE S SR, FAVEM T EA1H) rank &
rank = comm.rank

AT PIA BB BERE AP AP 3R -

rank {2y 0 fUEERE 217 rank (B 4 RIS BERR AOE — U7 B -
if rank==0:

data= 10000000

destination process = 4
comm. send (data,dest=destination process)

52 KN, BATLAESR E rank (14 4 ICE . A, EREERE, com.
recv IFALAEE —ANSH, S HIEE T RIEE#IEN rank {H -

if rank==4:
data=comm.recv (source=0)

XTI =X ok FH HECE Rk UL, BT rank {H 3R 1 A8, IHGL—FE, ME—H)
ZEAHE T IR R . g, RATRERE —DFRH
if rank==1:

destination process = 8

data= "hello"
comm. send (data,dest=destination process)
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X rank B 8 HHRICE SRR, HORZIRFHBERERT rank (E2IXPEIRER) -

if rank==8:
datal=comm.recv (source=1)

TS T AE mpidpy H IR A6 SUEAR B -

Rk Bk

Rk TR Kk

/

el
FINEY E:S

i

RiE | AR

R AP R, BN MES CkiEE) KIEEHRS —MES GRIGE)
PRUSCIX SE B diE o AR AR 55 W6 LG E A5 AR M B % B st (Rl gt ie ), HUAE 55 U 24
5E FT BRI B AR

R E

comm.send () 5 comm.recv () ERECZFEREL ; CNISHERHEE, B3 EPRY <4
WA oNIE. 75 MPI R, 5 PR R IE S U0 B -

> R

> [AD AR

M, U IR EH R X G, RAEREHSRERERF. XA
BRENE L OAW RESREI T . AEFERPEEA,  HAG 70 N AR R BT iE 2 ol B
1 AR e 2 S

0]
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i A L

AP P — A3 DL Ut A SE B . SEBAR (A P A B AN AR R BEPH 28, — A EERE SR
R0 — NERRPAT A SERG L A QT E, R, mpidpy BEHIFRIE HHE A BAR K
INRERMFIZ — PR, & PR T S8, TR W BRI L2 5 R S AU i) AL

BRI
FATSEHRA VTR Python FUFD, SKBARTD 231 A— I NBEH L 5 BATAH PR,
o rank EABET 1AS, LGB, % B HIE 0R K% 5 MR TR -

from mpid4py import MPI

comm=MPI.COMM WORLD
rank = comm.rank
print ("my rank is : " , rank)

if rank==1:
data send= "a"
destination process = 5
source process = 5

data_ received=comm.recv (source=source_process)
comm. send (data send,dest=destination process)

print ("sending data %s " %data send + \
"to process %d" %$destination process)
print ("data received is = %s" %data received)

if rank==5:
data send= "b"
destination process = 1
source process = 1

comm. send (data send,dest=destination process)
data received=comm.recv (source=source_process)

print ("sending data %s :" %data_send + \
"to process %d" %$destination process)
print ("data received is = %s" %data received)

fo1]-
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LSRR
IARIBIT RS (RN BERERIZITHAT LD, SRIX WA SRR ISRk EE T % -
C:\>mpiexec -n 9 python deadLockProblems.py

('my rank is : ', 8)
('my rank is : ', 3)
('my rank is : ', 2)
('my rank is : ', 7)
('my rank is : ', 0)
('my rank is : ', 4)
('my rank is : ', 6)

KPS EREARAE & DO T IS A, EARAE 7o ORIV R AL comm. recv () MPT 5
comm. send () MPI 2K e FHZE (T o X WA I FH BERE 2 55 4 H 58 it X comm. send () MPIK A,
SERR R s DA gORE &, FF BT IEAMESOH B OL P geidi. 52 A%, comn.
recv () MPI )58 BAR (172 28 Q2 gl 2 T DUERT . O 1 oRIX — il A, AT S A 2
(K152 52 # comm. recv () MPI 5 conm.send () MPI {8, W TR :
if rank==1:

data send= "a"

destination process = 5

source process = 5

comm. send (data send,dest=destination process)
data_received:comm.recv(source:source_process)

if rank==5:
data send= "b"
destination process = 1
source process = 1

data received=comm.recv (source=source process)
comm. send (data send,dest=destination process)

AL, AR TS S BAR NGE R LA R R LR, (EE oA B At B . T
A2 g P X AT Y, T2 X & comm. send () MPI & il fi5 & 12 Kt 1937, DL 7
BERS T IZAT B BT B2 1% Gk X T DR B PN S8l 75 It 2 S 30008 - R Id3 Joik A se 3
s DR G IX O, 1 M0 oA I B H U, (OB conm. send () MPT FHZE 17, ik 5e il
X, R U — R R T SR A RE S B R B L L, A E AT AR BRAR AR
if rank==1:

data send= "a"

destination process = 5

source_process = 5
comm. send (data send,dest=destination process)

2]




if r

data received=comm.recv (source=source process)

ank==5:

data send= "b"
destination process = 1
source process = 1

comm. send (data send,dest=destination process)
data received=comm.recv (source=source process)

e, BAVRE T IEFR T

C:\>mpiexec -n 9 python deadLockProblems.py

('my rank is : ', 7)
('my rank is : ', 0)
('my rank is : ', 8)
('my rank is : ', 1)

sending data a to process 5

data

received is = b

('my rank is : ', 5)
sending data b :to process 1

data received is = a
('my rank is : ', 2)
('my rank is : ', 3)
('my rank is : ', 4)
('my rank is : ', 6)

ORI TR
T ARSOE R MR TT S BLt, IR MR, B S T s E R
BRSOk B A4 NSRS R . %R B AF Sendrecy .

Sendrecv (self, sendbuf, int dest=0, int sendtag=0, recvbuf=None, int

sour

ce=0, int recvtag=0, Status status=None)

3 ETFHENFT

WRET W, TS50 comm. send () MPI il comm. recv () MPI #l[dl. AN, TE1ZRE]H,
PR THZE, AT Z AR RECRE, ERRAETILERGE FRE AT &K%
SR &, N 7 aEs. @XMy, iR EIARE AR R T R TR EE
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if rank==1:
data_ send= "a"
destination process = 5
source_process = 5
data received=comm.sendrecv(data send,dest=destination process,
source =source_process)
if rank==5:
data_ send= "b"
destination process = 1
source process = 1
data received=comm.sendrecv(data send,dest=destination process,
source=source_process)

(EAr #BsRGERE

FEFFATARS R AR, BATHEE B RIRFERIE I, BHafT I 2 E 2 Dt m gt s
EANZEIE, S0t m AR R A R B GRIEARRIED.

N T RGN, BAMER TIEER (hn, 2558 0 MEERE | 5 2 AR EdE, M1 S
2 U 53 R s AR BERE 31 44 5. 655D,

MPI FE et 1 —SE AR 38 & 15 2 R (A 2 AT 15 B A e sl I A R B, EATAE I AT
pLes EBEAT TARGF I .

AN HERE ) He A A AR AT Bt ) HR (s B N B PR .

O O O O

MEERZ 0 BIAZ 1. 2. 3. 4 MR 1B
WRJETHAEE SO A R EE T R R SEE. B, REEE ek s

4]
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KACL ERgERE . AN, AT R EmEME R, Forh— AN ) F Atk R & 06 AH 8] 1Y)
HAE. PR mpidpy DiResE B B EER AR
buf = comm.bcast (data to share, rank of root process)

ZEREUA R B REAR G B RIES R T comm iB(E 8 A HAW R s Ak, A
HR N I AR A () root & comm fF K1 B

BRERIE
B RORIIRGIEH 7 R . JATE — MR, H rank ST 0, B 5E XAEHF
A B A R L AR variable to_share :

from mpi4py import MPI

comm = MPI.COMM WORLD
rank = comm.Get rank ()

if rank == 0:
variable to share = 100

else:
variable to share = None

variable to share = comm.bcast (variable to share, root=0)
print ("process = %d" %rank + " variable shared = %d " \
$variable to share)

NGRS T 10 SRR RIS A5 A A5 R
C:\>mpiexec -n 10 python broadcast.py

process = 0 variable shared = 100
process = 8 variable shared = 100
process = 2 variable shared = 100
process = 3 variable shared = 100
process = 4 variable shared = 100
process = 5 variable shared = 100
process = 9 variable shared = 100
process = 6 variable shared = 100
process = 1 variable shared = 100
process = 7 variable shared = 100

[os]-
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SLOIRSRE
rank 5y 0 HIHEREHL K A5 variabile to_share ISEHIIL N 100, Ak & 5imf5 5
4L AR5

if rank == 0:
variable to share = 100

N BN, BT T s SR

variable to share = comm.bcast(variable to share, root=0)

XH, BEH RIS E 0 R AR SR R R 32 kS RS, B W BT
R REOR I IREE . M TSRS, RATE — A 10 MERERE E4, variable to share
SEH P AR P L=, &5, print IBA)SFTENHIEAT R AL rank {H R HABE
HIE -

print ("process = %d" %rank + " variable shared = %d " \
$variable to share)

FNRY R

BT REIEE, BATATCASZEL— AN AN IO 2 AN 3R 18] [ i 12047 i A% 3 . mpidpy H
AL T REEENHERAEA CEMHERME L, BRI XEHE T L2 A,
L RS BRAE A W L.
> R AH PR ) BRI [R5
> EFDIRE -
0 AR R PN AT AR R AR
0 CBATE R BRI B R .
0 ARG R o R B AR R
> JLRERE.

{FFscatterscMERSB(S

scatter I NREFALT scatter |~ &, AFH —NHERX ], HIR comm.becast £ (A fr A
W BEFR A AR R B, 15 comm. scatter F1EE LB SO FdlE b R A A FHFE. FTEE
7~ 1 scatter [ITHRE
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o @ W

FEUIRMIETE 0 BUBAITE 1. 2. 354

comm. scatter WA BCHALE, RIS BRI G 0 RR. 48

I TERAWRIEAITR 0, 52 A LR AWRAAIAL 1, LU . %5 5fE mpidpy Y
S R

recvbuf = comm.scatter (sendbuf, rank of root process)

BIMEE
TE8E ORI OIT, MK LA UTIE scatter DI AEK B 4 R 24 R FIIALA -

from mpi4py import MPI

comm = MPI.COMM WORLD
rank = comm.Get rank ()

if rank ==
array to share = [1, 2, 3, 4 ,5 ,6 ,7, 8 ,9 ,10]

else:
array to share = None

recvbuf = comm.scatter (array to share, root=0)
print ("process = %d" %rank + " recvbuf = %d " %array to share)

AR (i 5 R0 R s

C:\>mpiexec -n 10 python scatter.py
process = 0 variable shared =1
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process = 4 variable shared = 5
process = 6 variable shared = 7
process = 2 variable shared = 3
process = 5 variable shared = 6
process = 3 variable shared = 4
process = 7 variable shared = 8
process = 1 variable shared = 2
process = 8 variable shared = 9
process = 9 variable shared = 10
< J=E 4270
SLIFSAE
rank {H 4 0 (R &#F array_to_share i 45Hy 7 K 45 HAt BERE
array to share = [1, 2, 3, 4 ,5 ,6 ,7, 8 ,9 ,10]
recvbuf ZHFRIRIEIL comm. scatter AP EKIALH | MHEFERIEE ( MR ERIE -
recvbuf = comm.scatter (array to_ share, root=0)

E1G 2K, comm.scatter [{]—> PRI IR AT LLELEE 5 30AT 15 &) o i 4 R IR 2 AR 2
FITCER AN SEbr b, AR EER KT R B8N 7 TR R A CREIH o8 34, A
SR BRI

C:\> mpiexec -n 3 python scatter.py
Traceback (most recent call last):
File "scatter.py", line 13, in <module>
recvbuf = comm.scatter (array to share, root=0)

File "Comm.pyx", line 874, in mpi4py.MPI.Comm.scatter (c:\users\utente\
appdata

\local\temp\pip-build-hl4iaj\mpi4py\src\mpidpy.MPI.c:73400)

File "pickled.pxi", line 658, in mpi4py.MPI.PyMPI scatter (c:\users\
utente\app

data\local\temp\pip-build-hl4iaj\mpid4py\src\mpi4py.MPI.c:34035)

File "pickled.pxi", line 129, in mpi4py.MPI. p Pickle.dumpv (c:\users\
utente\a

ppdatallocal\temp\pip-build-hl4iaj\mpi4py\src\mpidpy.MPI.c:28325)
ValueError: expecting 3 items, got 10

mpiexec aborting job...

job aborted:

rank: node: exit code[: error message]

o8]
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0: Utente-PC: 123: mpiexec aborting job
1l: Utente-PC: 123
2: Utente-PC: 123

Ry =
mpidpy FEILHEAL T A ANE AN BB TR EE
» comm.scatter (sendbuf, recvbuf, root=0) : 2FHH[EEAE 28— AN R IR B A i

75 Fir A HoAth 2 FE
» comm.scatterv(sendbuf, recvbuf, root=0) : 2¥gF— /NP —ANEEREETE KIEL

s HAth it A2 . 72 kIS, A DURIEAFRBER S, WmiEEE T UUAHE.
sendouf Y recvbuf SN AE LAFIR LG H G S0 m R 2L comm. send) :

buf = [data, data size, data type]

X L) data b AE — N RITFEM RIS, H KWK data size, MK data type,

{FFHgatherscIR 5183

gather AT 5 scatter MRMITIRE. EIZARGIY, PradtfEs Rk iEEdE,
MR N 2SS T B ) Bt gather BREFE mpidpy HASELAN T o

recvbuf = comm.gather (sendbuf, rank of root process)

X H ) sendouf & KiEH)E#E, rank of root process FKinFT A s K REEUCE, =
BEWFE R,

O © O O

M2 1. 2. 3 54 WEHIE
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BRRE
fEZRIT, RATEERR LR AT, AR SR E DA, B S
Ry rank 19 0 HOHGERE -

from mpi4py import MPI

comm = MPI.COMM WORLD
size = comm.Get size()
rank = comm.Get rank()
data = (rank+1) **2
data = comm.gather (data, root=0)
if rank == O0:
print ("rank = %s " %rank +\
"...receilving data to other process")
for i in range(l,size):
datal[i]l = (i+1)**2
value = datalil
print (" process %s receiving %s from process %s"\
% (rank , value , 1))

Bh, WAVSITRIBIEG LIRSS N S -
C:\>mpiexec -n 5 python gather.py
rank = 0 ...receiving data to other process
process 0 receiving 4 from process 1
process 0 receiving 9 from process 2
process 0 receiving 16 from process 3

process 0 receiving 25 from process 4

WRHERE 0 2 NHA 4 ASEREECEOE, R4 B B s AR R .

SLOIRSRE

RAT n AR R AR -
data = (rank+l)**2

i FEHERRAG rank {1249 0, WS BB S e B B o
if rank == 0:

for i in range(l,size):
data[i] = (i+1)**2
value = datali]
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K SR AL R PR HCSE IR

data = comm.gather (data, root=0)

&y =
mpidpy FRAL 141 BR HCR AR il
» UWNER|—MES . comm.Gather, comm.Gatherv 55 comm.gather,
» WER|FFB1ES . coom.Allgather, comm.Allgatherv 5 comm.allgather,

{EFRAlltoalISEMER &1E(E

Alltoall BE&IE E¥4 | scatter 5 gather [T, mpidpy 74 3 28 Alltoall BEiH(E.

» comm.Alltoall (sendbuf, recvbuf) : all-to-all scatter/gather MZH ] all-to-all FEFE &
po 7

» comm.Alltoallv(sendbuf, recvbuf) : all-to-all scatter/gather M 2 1 K all-to-all i F2
RIEHHE, RO TAF REARE E S W .

» comm.Alltoallw(sendbuf, recvbuf) : |7 Y] all-to-all {5, SCRFEENEFEERAAR
. AFwE RS A RS R .

BNR(E

FEAT R, A SF B> comm.Alltoall [f) mpidpy SEHL. FATHRE RN
WAE A, AR 2 1 A A A AR A A — M EUE SR AR, e M AR R R
KRR
from mpi4py import MPI
import numpy

comm = MPI.COMM WORLD
size = comm.Get size()

rank = comm.Get rank ()

a size =1

senddata = (rank+l)*numpy.arange (size,dtype=int)
recvdata = numpy.empty(size*a size,dtype=int)
comm.Alltoall (senddata, recvdata)

print (" process %s sending %s receiving %s"
% (rank , senddata , recvdata))
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IBAT LAY, (s s ARG E Y 5, W AR I TR -

C:\>mpiexec -n 5 python alltoall.py

process 0 sending [0 1 2 3 4] receiving [0 0 0 O O]

process

process

process

sending [0 2 4 6 8] receiving [1 2 3 4 5]

sending [ 0 4 8 12 16] receiving [ 3 6 9 12 15]
sending [ 0 5 10 15 20] receiving [ 4 8 12 16 20]

1

process 2 sending [ 0 3 6 9 12] receiving [ 2 4 6 8 10]
3
4

SCIFERE
comm.Alltoall 75k MAESS j 1) sendouf FHRILEI i DX R, AERHHEHIZUES i 1)
recvbuf ZHH j NI R AL,

SCibul

o T K B AT DARE G b s R R AR R
P, 10 1 2 3 4 0O O O o0 O
P 0O 2 4 6 8 1 2 3 4 5
P Alltotall
., |0 3 6 9 12 # 2 4 6 8 10
P, | 0 4 8 12 16 3 6 9 12 15
P, |0 5 10 15 20 4 8 12 16 20

Alltoall BABIS

BRI TR E LA g R B

>

P B EHIEE [01234], BEHOREES, B 1IKGHRE P, ¥ 2 WKGidfE
P,, ¥ 3 IR HERE Py, K 4 TREA R Py

R Py B B [0 2 4 6 8], TR O TRZERE Py, 5 2 RS H 5, K 4 WG RS
P,, 6 IRZGHERE Py, K 8 TRZAHEFE Py

HEAE P, B B A4 [0 3 6 9 12], BFF 0 IRZG 3R Py, ¥4 3 R4 12 Py, K 6 IREE B &
¥ 9 MR AR Py, i 12 TR AR Py

B Py B B [0 4 8 12 16], B4 0 IRZSHERE Py, 44 4 IRESIHEFE Py, 45 8 IRES
WPy, B 2 WA BEE, ¥ 16 REHRE P,

HERE P, & B0 504H [0 5 10 15 20], B4 0 R4S Py, 5 5 IR HERE Py, 4 10 TR&5 3T
FE Py, #5015 IRAAHERE Py, ¥ 20 TREAH & o
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FNRY R
All-to-all MEAIEAF X MAE A e o %R A AT RS AOFAT S2rb A0 DO 22 46t
TERERCE . AEHER DLR S8R AT R e iR R 5

iCERIR(E

KAl TF comm.gather, comm.reduce WATERANEFE N — M ATTEEA, K —
A TR IR [FIARERE . Bt R e TILRERE R,
BAE mpidpy Fil it in R iEA)E XTI RERAE

comm.Reduce (sendbuf, recvbuf, rank of root process, op = type of
reduction operation)

EF—HEM2, comm.gather IFRIEEN T op ZHH T, "B 8 W R A 525 B ¥ i i
fI3E, mpidpy BEBVELE T —4UAT DU AVC 3 /E . B MPT BT 38 U — S8 R EER W R
JLI.

» MPI.MAX: iR[FIH KHITCE .

» MPI.MIN: R[EIF/NATCER .

> MPI.SUM: X jnZ KA.

» MPI.PROD: W5 & AHTE.

» MPI.LAND: Xf JLRPAT —MEHRIEH.

> MPT.MAXLOC : 3R Bl d5 KAR LA S A 2 85 KA A3k RE ) rank 1E .

» MPI.MINLOC : iR [AlH5/ME LA K 12 55 /IME I ERE Y rank {H.

BREIE

WAE, BRATKEE QU@L IC EE T RE MPT. SUM T+ & — AN T R IR, GRS
BAE— DR 3 B X TR B R UL, BAE T Python FEER numpy Fir $2 £t i) R 44 -
import numpy
import numpy as np
from mpidpy import MPI

comm = MPI.COMM WORLD
size = comm.size

rank comm.rank

array size = 3

recvdata = numpy.zeros (array size,dtype=numpy.int)
senddata = (rank+l) *numpy.arange(a size,dtype=numpy.int)
print (" process %$s sending %s " %$(rank , senddata))
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comm.Reduce (senddata, recvdata, root=0, op=MPI.SUM)
print ('on task',rank, 'after Reduce: data = ', recvdata)

3 AR T R A SR ARE AT B2 B, BIITRAE AR K. B
Ja, BRI PR -

C:\>mpiexec -n 3 python reduction2.py
process 2 sending [0 3 6]

on task 2 after Reduce: data = [0 0 0]
process 1 sending [0 2 4]
on task 1 after Reduce: data = [0 0 0]

process 0 sending [0 1 2]

on task 0 after Reduce: data

SCIFERE

R T PATICREAERA, FAMEMH T comm.Reduce i 4], FFIMR R rank {Hi% 4 0,
BHE T recvbuf, HTRRHHMRLLR
comm.Reduce (senddata, recvdata, root=0, op=MPI.SUM)

UbAh, (13— 322, £ 0 op=MPI.SUM RN, FRA K SRANHEAE N FH 2] T 5B iz b
N T BRI R AR BT R, SREE IR KA

[ 06 12]

sendbuf reduction

MPI.SUM
recvbuf

LREBEBEE

RIEEAE W TS

» R Py RIEEHREA (01 2]

> ERE Py RIEEIREH [02 4]

> R P, RIEEIREA (03 6]

CEREBESREREMES S i MR, RIGH SR BBARIEFE Py B s i oo
ETOIA= OB

ST RS UE, HERE Py 2320 20508 54 [0 6 12].
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MMIRAiES

MPI fr $2 it (¥ — A7 B AR5 VR 5% T RS SN Jnai ik, Prfy B3 A5 Dhae CRxd s
BERE) #iRM R —HEER ., RATSRAEMA vPT_comM WORLD 4, B85 T A . &
SRNJET RN n FEEAE SR EE— DN ERE B — DI 0 B n-1 {1 rank B A3, FATAT L
MPI B E &% 7 He— RS I BRI BEREE LT R IRIOFRAE . XML AT LS T AT
PEBE. SEbr b, WORME TREMININ, AR A S 5HELMEEE, X0 kL.

Eedn, fR rank (B2 FENLBCHT, A8 BAERNE HKBATE & 2R 2 HoAb S . BR
THEBE B LASY, RSO0 A1 AT AR DR A QRS SE AR I, T etk S 4y . MPT 44t 1 PRI 4
R B E R ILI, 5 AN 2 G ARSI RS 4T BRI, X T AR A SR
BA VL ATE N REER R R AT R . X B TR S R LRI, el DA LRR)
ZATFRIZER - bR B SRR . H T RIS ) LR R R B s -

comm.Create cart ((number of rows,number of columns))

X B ) number of rows 5 number of columns/3ill#EE 144 B A% AT E S F14L .

BRI
FEUTRARGI, B4 £ IS A KA MXN BRI, Bedh, BRATIESE
ST AR R S RS T PR U TR D

from mpi4py import MPI
import numpy as np

UP = 0
DOWN = 1
LEFT = 2
RIGHT = 3
neighbour processes = [0,0,0,0]
if __name == "_main_ ":
comm = MPI.COMM WORLD
rank = comm.rank
size = comm.size
grid rows = int (np.floor (np.sqgrt (comm.size)))

grid column = comm.size // grid rows

if grid_rows*grid_column > size:
grid_column -= 1
if grid_rows*grid_column > size:
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grid rows -= 1

if (rank == 0)
print ("Building a %d x %d grid topology:"\

)

% (grid rows, grid column) )

cartesian communicator = \
comm.Create cart( \
(grid_rows, grid column), \
periods= (True, True), reorder=True)
my mpi row, my mpi col = \
cartesian communicator.Get coords\
( cartesian communicator.rank )

neighbour processes [UP], neighbour processes [DOWN] \
= cartesian communicator.Shift (0, 1)

neighbour processes [LEFT], \
neighbour processes [RIGHT] =\
cartesian communicator.Shift (1, 1)
print ("Process = %s \
row = %s \
column = %s ----> neighbour processes|[UP] = %s \
neighbour processes [DOWN] = %s \
neighbour processes [LEFT] =%s neighbour processes[RIGHT]=%s" \

% (rank, my mpi row, \
my mpi col,neighbour processes[UP], \

neighbour processes [DOWN], \
neighbour processes [LEFT] , \
neighbour processes [RIGHT]))

BATIA)S, Wb ESR TR

C:\>mpiexec -n 4 python virtualTopology.py
Building a 2 x 2 grid topology:

Process = 0 row = 0 column = 0 ---->
neighbour processes[UP] = -1
neighbour_processes[DOWN] = 2
neighbour processes[LEFT] =-1

neighbour processes[RIGHT]=1

Process = 1 row = 0 column = 1 ---->
neighbour_processes[UP] = -1
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neighbour processes|[DOWN] = 3
neighbour_ processes[LEFT] =0
neighbour processes|[RIGHT]=-1

Process = 2 row = 1 column = 0 ---->
neighbour_processes[UP] = 0
neighbour_ processes[DOWN] = -1
neighbour processes[LEFT] =-1
neighbour_ processes[RIGHT]=3

Process = 3 row = 1 column = 1 ---->
neighbour processes[UP] =1
neighbour processes[DOWN] = -1
neighbour_processes[LEFT] =2
neighbour processes|[RIGHT]=-1

S FAREANBERERE, 4 SHZIXREHLAR < 415 neighbour processes = -1, FRAEEA
RAMFITHERE ; 750, neighbour processes 4 &ix 58RI rank 4 .

SLAIRSRE
PR A 2X2 IIRLRAEHD (5% 2R IRERED , SO0 FHN LR 10 4:

grid rows = int (np.floor (np.sqgrt (comm.size)))
grid column = comm.size // grid rows
if grid_rows*grid_column > size:

grid_column -= 1
if grid_rows*grid_column > size:
grid rows -= 1
ORI R LI -
cartesian communicator = comm.Create cart( \

(grid rows, grid column), periods=(False, False), reorder=True)

TS i AR E, FATLA N EH] Get_coords () 7k :

my mpi row, my mpi col = cartesian communicator.Get coords( cartesian
communicator.rank )

For each process, in addition to their coordinates, we calculated

and got to know which processes are topologically closer. For

this purpose, we used the comm.Shift function comm.Shift (rank
source, rank dest)
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Wz, HATE -
neighbour processes[UP], neighbour processes[DOWN] = \ cartesian_

communicator.Shift (0, 1)

neighbour processes[LEFT], neighbour processes[RIGHT] = \ cartesian_
communicator.Shift (1, 1)

s BN R AE T R

FEHARAR 2 X 2 #a%h

AN
NTBE RN MXN (IR, AT T i R AR -

cartesian communicator = comm.Create cart( (grid rows, grid column),
periods=(True, True), reorder=True)
K2 A R M

C:\>mpiexec -n 4 python VirtualTopology.py
Building a 2 x 2 grid topology:
Process = 0 row = 0 column = 0 --—-->
neighbour processes[UP] = 2
neighbour processes[DOWN] = 2
neighbour_processes[LEFT] =1
neighbour processes[RIGHT]=1

Process = 1 row = 0 column = 1 ---->
neighbour processes[UP] = 3
neighbour processes[DOWN] = 3

0
neighbour processes[RIGHT]=0

neighbour processes[LEFT]

Process = 2 row = 1 column = 0 ---->

neighbour processes[UP] = 0

neighbour processes[DOWN] = O

neighbour processes[LEFT] =3 neighbour processes[RIGHT]=3
Process = 3 row = 1 column = 1 —---->
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neighbour processes[UP] = 1
neighbour processes[DOWN] =
neighbour processes[LEFT] =2
neighbour processes[RIGHT]=2

EFTR MR N B TR

1

EIBVIZAER 2 X 2 $REP
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AEFERNA :

» Al { ] Python 1 ff] concurrent. futures fHH
i H Asyncio SEILFAFEIAE

i H Asyncio 4bFE ) [FIFE T

1 i} Asyncio B HAE 55

{F Asyncio Al Futures

v

v

v

v

48

B 7 RPN IFAT AT RS, I — Mg v R L i, B S5 FFE (event pro-
gramming) —AHF, XEALRILECE L, fERLLH G RGN Z AP RS, FAEsIUT
A B AT A ] — A A R L

FEIFRBAT I S b, AR AR S5 AE I () 4 B AR 1Y, 10 H— DI R R A B — 4%
f CRZRRE) TRATH. —MESIPATRTLLEN T, RJR4ks:, Aoty 7 HAMES 1
AT ] o T PRI AT e 0 B 1 XA

Task 1 Task 2 Task 3

v

Time

FLWITER
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IEWARAT L, AR5 (AAFEBIGRR) Z A A, (HAME R — NERRERERZ T X
BIRE UPATIHEAMMES I, HABESZRAEPAT . ZLRBERIEE RS R 7P I R — A
REEXHET, A HIRIERGPGEARSFHAT IR LR, B2 AR RS S TR A
—ANERRE, TS EORAE R RERCEA AR W RN, BB — MU

REFF 53 AT LLRHAE 559 5 9 — 2 51 a] DAL s AT i/ B 5 DL, SRS 55 7 24
FMEFS L, AR E %A S N AL RE 7 h BUE L AR 5 & I -

£ PythonHd concurrent.futures &R

B4 Python 3.2 JRAMI K AR, Python 5| A\ | concurrent.futures i, SCHFEHIF A Y
FRAESS, R AR B e HEAT I DA 2 AR RN ZR AR (R 2D .
R E LTINS
concurrent. futures.Executor : iX&&— MG, AT ST KT,
submit (function, argument): ZHEREA K (HWIMFHAXNR) % ESHHIT.
map (function, argument) . PL BBl 45 € ZHORIAT BREL
shutdown (Wait = True) : [HHA4TH# (executor) fLIHBEHUAIRIIGES .
concurrent. futures.Future : 33—/ Al H R E A AT T8 A AT 2R
AR GEAIESHRED RS Future X4

PATE M2, B HETFISRUT « LA FER ExecutorPools, SR I, SEf
R FE IR & — N LR YR S5, BT A AR X S B SR ARk, e A1 AR il n] B2 A
RIS %s (launcher) BUHTES (BT 2SS 2 BLtimsk), FHFIH7 80 K PATAES -

(ERZAEAIHIE T

— AR BRI (BRI FRA AR . RIAERE 7 N AR RS / SRR
BAFE LS . AL, RAT LA pooler $RACKE HH AT HIAESS . AT BA — MEPATLE
FHINEAS,  DLR ST IR AR S5 O LR B RS, AT R . il P i — AN RS
B AR (SR ERAEGE T, B2 0TI A RS .. ERED T et
FEBAREITE, 3271 7 M AL S I R P O Pk RE . BARR AR AFHATT, HEAZR
AR D3 AR L P P e P A ) S B R R 22—

v v v v v
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@@@©—0O—

- QOO0

@@ —QOQ—

TRAIES

L ETE

T

4

SO

current.Futures SRRt T Executor KMIPIANT2K, KM TI50 5 T A0 A

BRI — R . BT -

» concurrent. futures.ThreadPoolExecutor (max workers)

» concurrent.futures.ProcessPoolExecutor (max workers)

max_workers SRR T F B PAT I 5K worker %05

BxscH]

THEFRE R T &R BERE AL IR . BERATHIAES 2 - APy 1-10 41
JR 5 number_1ist, 4§ FIR PRI TTER, AT 1000 F5 R THEEEAR (AR TR 1D,

RIEH R ME S Z TR AT,
XFERE, o DA B L DL R PR RS O
> kAT
» H%& 5 worker ZEFERIZEFE L
WA T A -

#

# Concurrent.Futures Pooling - i 4 & : FH 4
#

import concurrent.futures

import time

number list = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
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def evaluate item(x):
# A, BUORON THUT BRI E
result item = count (x)
# FTENG NI R 45 0

print ("item " + str(x) + " result " + str(result item))

def count (number) :
for i in range (0, 10000000) :
i =i+l
return i*number

if name == " main ":

# ZMEPAT
start time = time.clock()
for item in number list:
evaluate item(item)
print ("Sequential execution in " +
str(time.clock() - start time), "seconds")

#H BFbPAT
start time 1 = time.clock()
with concurrent.futures.ThreadPoolExecutor(max_workers:S)\
as executor:
for item in number list:
executor.submit (evaluate item, item)
print ("Thread pool execution in " +
str(time.clock() - start time 1), "seconds")

#4 HEFRILIAT
start time 2 = time.clock()
with concurrent.futures.ProcessPoolExecutor(max_workers=5)\

as executor:

for item in number list:

executor.submit (evaluate item, item)
print ("Process pool execution in " +
str(time.clock() - start time 2), "seconds")

BT ERRACRS, BATR A2 T AT R 25 R -

C:\Python CookBook\Chapter 4- Asynchronous Programming\ >python
Process pool with concurrent futures.py

item 1 result 10000000

item 2 result 20000000
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item
item
item
item
item
item
item
item

Asynchronous Programming

item
item
item
item
item
item
item
item
item
item

Thread pool execution in 17.14648646290675 seconds

item
item
item
item
item
item
item
item
item
item

O J o U W

9

10 result 100000000
Sequential execution in 17.241238674183425 seconds

4

O~ w o EN

8

10 result 100000000

9

10 result 100000000
Process pool execution in 9.913172716938618 seconds

result
result
result
result
result
result
result

result
result
result
result
result
result
result
result

result

result
result
result
result
result
result
result
result
result

SLRIRERE
BATE St —MFFI, AEEE number_List i, XEFRIR P MEANTLE, 4T

B, BEBIFER 1000 J30EAR. SR, FATHEIEAS 2145 K3k LA 100 000 000 :

30000000
40000000
50000000
60000000
70000000
80000000
90000000

40000000
20000000
10000000
50000000
30000000
70000000
60000000
80000000

90000000

30000000
10000000
20000000
40000000
50000000
60000000
70000000
90000000
80000000

def evaluate item(x):

# IR WU TIT BRI E

result item = count (x)

def count (number) :

for i in range (0,

10000000) :

4

SO
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i =i+l
return i*number
FEERF, JA1E e LR AHATES
if name == " main ":
start time = time.clock()
for item in number list:
evaluate item(item)

FAh, TR, TAPEAEH concurrent. futures B IALINRE, G — ML

with concurrent.futures.ThreadPoolExecutor(max_workers:5)\
as executor:
for item in number list:
executor.submit (evaluate item, item)

ThreadPoolExecutor {if HIH A & C ML FIZRE AT 48 2 ST . BERE B T H T
TRl 5 AERE . REANLRE M T B2 HFHAT A TAE Gob)o HUTZ ARG, LR NARE
HARBUE AL LR R — A LAk

HALERSE A TAF S, STENSAATIN 1]

print ("Thread pool execution in " +
str(time.clock() - start time 1), "seconds")

B§ ] ProcessPoolExecutor FSLILYREREME, W LLIXMES -

with concurrent.futures.ProcessPoolExecutor (max workers=5)\
as executor:
for item in number list:
executor.submit (evaluate item, item)
5 ThreadPoolExecutor J{Ll, ProcessPoolExecutor j& —MHAT2E T, i — /4 idkfe
WL HAT A . HZAFEMZ, ProcessPoolExecutor fi H [1)/& multiprocessing ik, J5&
A DAL FRAT Tl 4= R i B 234 (global interpreter lock), K PR AT I 8]

R

JUF- P A i 55 s 2 FH AR P 2810 17 94k, DR DN i BEAR BEOR B R MO 2 7 o F) K B 0 i
Ko MIIEAT AN HA K R ZERAGAME S5 ST ZIPAT » BB AT A 55 IO A B4 R IRAZ AL
FEXBMEOL T, LA AP EFE

{EAAsynciosLIE LB E1E

Python BLHt Asyncio $24E [ FHAF, W, (RS MAREMTIRE, LIRS I R AD 1 [
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4 BEHE

PR 1E (synchronization primitives)o %A 32 B i DL 24444 A o
» EHE (eventloop) : Asyncio B RFREANHEFRINA — A FAIEIR
» 1158 (coroutines) : X & T2 (subroutine) HEZKZAk. FAb, THFEAEATI AT LA
15, DERFAMBAEFRT e (/O FIEANEIATEE T ), AMEBALERAR T 45 o ) U
B bk [A]
» Futures: & X T Future %%, RKLARE T MARTEHITE N concurrent . futures fHk,
» {£55 (tasks) : IXJE Asyncio HI—/F2K, AT HBEIFEHAITHE LT RIHE.

FERASEGIp, Ha st S5 b, SRR D RENTES T AR EEL,
PO HA 5 At 20 (1

FARHHBIN

FEFS ARG, REW ™ A AT SR RO F AR (event source), M 5 BT 1 i 5 B i 1F
R SEAR U B RO AT AL B 2S (event handler). A7 I AT BEIEAF LB RN AT I IR 1 B8 = AN 924k
BT E B SR T A SR D RE . SEAERRIUL, AR BT TR SO R AN T 3 fe
52, BERREAN BRSNS, RIS, 0 5R T AR A R U A e PR —
AR LS BRSE, FATRE — B a2 38 1 D AUD .
while (1) {
events = getEvents();
for (e in events)

processEvent (e) ;

}

whi le fEFR PO F OB PRI BRI, ARJR I AL, SEERROALHES R RS
HATITES). FEALBRISEE AR, BbIRAL e R — T B

EBETIE

Asyncio #24it 7 LIS H T E B HAEA T

» loop = get_event loop() : fEHZT7¥%, AILASRAS 4T BN SCHIHAFIEIR

» loop.call later(time delay,callback,argument) : i%J5 i % HEAE 45 € I [A] time
delay #bJ5, VAR R .

» loop.call soon(callback,argument) : %7k & HE— AN 5 gl A i el %) 5.
fE call soon () i&[al, i[RI B FAIEH I, BT R .

» loop.time () : DAV FUE R 2R [ AR 4 S ARG R A F0 IR B 5 1 =4 RIS (8]

» asyncio.set event loop() : #2457 L F CHIFAIEA B E NS ENEH

» asyncio.new_event_loop () : HRHE b bR H IR A1 d 3R 5] — AN B FARE IR B
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» loop.run forever() : —EH#IT, EHEIAM stop() MNik.

B{ASC
TEAMI, TN R AT ] Asyncio PEHE GEIIRER $H0RIE ), Gl — A B BLR M
Fl. W FEE -

import asyncio
import datetime
import time

def function 1 (end time, loop):
print ("function 1 called")
if (loop.time() + 1.0) < end time:
loop.call later(l, function 2, end time, loop)
else:
loop.stop ()

def function 2(end time, loop):
print ("function 2 called ")
if (loop.time() + 1.0) < end time:
loop.call later(l, function 3, end time, loop)
else:
loop.stop ()

def function 3(end time, loop):
print ("function 3 called")
if (loop.time() + 1.0) < end time:
loop.call later(l, function 1, end time, loop)
else:
loop.stop ()

def function 4 (end time, loop):
print ("function 5 called")
if (loop.time() + 1.0) < end time:
loop.call later(l, function 4, end time, loop)
else:
loop.stop ()

loop = asyncio.get event loop()

end loop = loop.time() + 9.0
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loop.call soon(function 1, end loop, loop)

# loop.call soon(function 4, end loop, loop)

loop.run forever ()

loop.close()

A EARHS RO B H 2 R T

C:\Python Parallel Programming INDEX\Chapter 4- Asynchronous
Programming >python asyncio loop.py

function 1
function 2
function 3
function 1
function 2
function 3
function 1
function 2
function 3

SLRIFSHRE

called
called
called
called
called
called
called
called
called

FERBI R, ATE LT =ARPAES, & AR T —MES,

N T RIE BRI, BATHRZRPREEAD FEGEA

4 BEHE

N E R

Task 1 Task 2 Task 3

Time

v

HEBIPRIESIIT

loop = asyncio.get event loop()

IRJA, FBANIEIT call soon ZHEXY function 1() MIZE—IRIEA -

loop.time() + 9.0
loop.call soon(function 1, end loop, loop)

end loop =

IHVER function 1 HE X :

def function 1 (end time, loop):
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print ("function 1 called")
if (loop.time() + 1.0) < end time:
loop.call later(l, function 2, end time, loop)
else:
loop.stop ()

ARSI LN 2 E0E X TR R ST

» end time: % X T function 1 WHEBHIESTRE] PR, FFiEid call later Jyykif ] func-
tion 2,

» loop : IXFEULATIEIL get _event loop () JrikfMigkMIFHIFIEH

function 1 MOFESAER WIS, MRS, (TR T4 5

print ("function 1 called")

AT EAES5JG, 4 loop. time () HUbRPATHIFERFHEL o AR 12, WREA &
FIXAEH, WiEN call later JFikdkaid T, FELERf 17D .
if (loop.time() + 1.0) < end time:
loop.call later(l, function 2, end time, loop)
else:
loop.stop ()

function 2() fl function 3 () AT AIFERIERLE
R 5E A HAT I (8], AR FAF LA

loop.run forever ()
loop.close()

{EFAsyncioLIBHHE

M LTS R Z ARG, BATER]  DREFRRIUKERN, KR HIRE 75 2
SAEALFRARAT HANGER], RS TOIRE S M RIESS, FFEMES LIS &M%, T
BIEMILIELT, REEEEREFIERTAREZT, ERFASTIHETOIRAEN. i
THIRERZA . 5TEIREREL RESRAT — TSP IR, HARRZ, AEE T iRgER
MERER . KR BOYFEZ A LU EE AR i, B —METE, A E R ek
M bR . AE VMR, ATCLEHE AT /L RIS ORAET-TI AO AR, (8 T IR 8k 4k 8k
1o AT MR G, ST R AR EACH - BT — e, ERIHREEG, AR5
BATH AR, KIS

AR LA EE P A R AR, AE E— S Rplrh AT AN L 7. FIHEIE
BRI TE, IR LA SAT I A
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PIRE B F A B R A E DL T U7 1 -

» RN, TRAZ IR (yield).

> PR REMS R AT 78 AT H AR PR

SR (yield) IXASARLE TRk AL B 5 J R R AL s a5 7 — MR R . BT
FE0] AR AR 1B H R ANE, “A—AME” (yielding a value) XIS W H F R A4 4%
TEAE I 25 IR T PR

HEE T
R Asyncio BLHsE AR, R4 R E G AV ERE R AT

import asyncio

@asyncio.coroutine

def coroutine function( function arguments ) :
# DO SOMETHING

BRI
R, AT & F B T A
Asyncio 1 P BLEI B — 4 B & 5 RS °
(A R A HL. AR AHE 8 24 (finite
state machine or automaton, % FX FSA) X 0
MR R T TR}, 2 36 7 >
THMAZE, WA ENARE. RATH S
WL E ZIHL Cautomata) AT 9104 R

BRI
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1E BB, AR T RAEM S MIRA : Sev Siv Spv Siv Sy XH, 054 £H3E)
PLRESE I —ARESAEIE T —AIREIE GRIRIERFRAYIR, transition). F141, RE Sp A
HEMEN1NARUHES,, Sq AATEEN O A REYI#HZE S,. T Python fAAS AL T
HZNHLNFTIEWILRIRES S, VI R4 HOIRTS S,
# Asyncio ABRARZSHL
import asyncio
import time
from random import randint

@asyncio.coroutine
def StartState() :
print ("Start State called \n")

input value = randint (0, 1)
time.sleep(1l)
if (input value == 0):
result = yield from State2 (input value)
else:
result = yield from Statel (input value)
print ("Resume of the Transition : \nStart State calling "
+ result)

@asyncio.coroutine
def Statel (transition value):
outputValue = str(("State 1 with transition value = %s \n"

o)

% (transition value)))

input value = randint (0, 1)
time.sleep(l)
print ("...Evaluating...")
if (input value == 0):

result = yield from State3 (input value)
else:

result = yield from State2 (input value)
result = "State 1 calling " + result

return (outputValue + str(result))

@asyncio.coroutine
def State2(transition value):
outputValue = str(("State 2 with transition value = %s \n"
% (transition value)))
input value = randint (0, 1)
time.sleep (1)
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print("...Evaluating...")
if (input value == 0):

result = yield from Statel (input value)
else:

result = yield from State3 (input value)
result = "State 2 calling " + result
return (outputValue + str(result))

@asyncio.coroutine
def State3(transition value):
outputValue = str(("State 3 with transition value = %s \n"

o)

% (transition value)))

input value = randint (0, 1)
time.sleep(l)
print("...Evaluating...")
if (input value == 0):
result = yield from Statel (input value)
else:

result = yield from EndState (input value)
result = "State 3 calling " + result
return (outputValue + str(result))

@asyncio.coroutine
def EndState(transition value):
outputValue = str(("End State with transition value = %s \n"
% (transition value)))
print("...Stop Computation...")

return (outputValue)

if _ name == " main_":
print ("Finite State Machine simulation with Asyncio Coroutine")
loop = asyncio.get event loop()

loop.run_until_complete(Startstate())

BAT LRI )5, BATSRZIRLIT A%

SO

C:\Python CookBook\Chapter 4- Asynchronous Programming\codes - Chapter

4>python asyncio state machine.py
Finite State Machine simulation with Asyncio Coroutine
Start State called

.Evaluating...

.Evaluating...

.Evaluating...

.Evaluating...
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.Evaluating...
.Evaluating...
.Evaluating...
.Evaluating...
.Evaluating...
.Evaluating...
.Evaluating...
.Evaluating...
.Stop Computation.
Resume of the Transition
Start State calling State 1 with transition value = 1

State 1 calling State 3 with transition value = 0
State 3 calling State 1 with transition value = 0
State 1 calling State 2 with transition value =1
State 2 calling State 3 with transition value = 1
State 3 calling State 1 with transition value = 0
State 1 calling State 2 with transition value = 1
State 2 calling State 1 with transition value = 0
State 1 calling State 3 with transition value = 0
State 3 calling State 1 with transition value = 0
State 1 calling State 2 with transition value = 1
State 2 calling State 3 with transition value = 1
State 3 calling End State with transition value = 1

SLAUFSRE
BRI AR MRS AT 7 R 3

@asyncio.coroutine

flhn, ARZS S, RRXFEE LI -

@asyncio.coroutine
def StartState():
print ("Start State called \n")
input value = randint(0,1)
time.sleep (1)
if (input value == 0):
result = yield from State2 (input value)
else
result = yield from Statel (input value)

U E R — /\/Ij(‘u i input value ?j%;%, ﬁ’ﬁ”ﬂ & i Python HJ random #it f1 [ rand-
int (0,1) PREUE X M. % PREBENLIR [EHE 0 BY 1. XAk, AT LABENLOUE A BRI
z:%}i%ﬁﬂ)iﬁ/\/lku :
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input value = randint(0,1)

PUE A RARSHEA 2 TOHCIRES G, IR vield from xS T —ME :

if (input value == 0):
result = yield from State2 (input value)
else :
result = yield from Statel (input value)

AZ g result RAANFEREINE. B DT, EIHEARN, AT UEE B3]
HUAHIEEIR S VI B 5 AR 1 T R

FRFAEFFIEAN AL HERE, PR
if name == " main ":

print ("Finite State Machine simulation with Asyncio Coroutine")

loop = asyncio.get event loop ()
loop.run until complete (StartState())

{EFAsyncioEIE{E53

Asyncio ({1553 § 2 AL BLHAFE I T (10 570 BERE A R AT HE 55 B st 7 — Ak
asyncio.Task() (12K, M TRIMEEIRAAES . ZRMOABAET, STRMTIEITIESS
[N FAEEIA AP AR 55 50a AT IR S a, ER AR5 5 F R AL
e, JHEPRMITIaN BaiaqT, FILEZIRAE 7 —F A sh iR sh 2RI L .

ERTE

Asyncio BEHFEAE T — MO EAT S E I 77k, asyncio.Task(coroutine) . 1% AR T
R AT o AR FSTHAT AR T R FERT G AR R AR AN future £ R, AF
F R EEPAT R R R, JFEEAT future PUAT TEHE .

7E future PUAT5EEEJE, HEBFREMO PR LA future 3R [A] 1 45 ol 7 BT 4T Aok, K
s, —MNEES — IR AT —MES . R A FE AR @ A [ R iz iT, W
A DLHATPAT HABAT S TEAT 55547 future PUAT SEEERT, FAHEIRHHAT — DTS-

B{RSLH]
7 FIRI7R BT, SR AR T8I Asyncio. Task () I BT =AM LR

wnn

Wit Asyncio.Task AT =THEAHE

import asyncio
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@asyncio.coroutine
def factorial (number) :

f =1

for i in range (2, number+l) :
print ("Asyncio.Task: Compute factorial(%s)" % (1))
yield from asyncio.sleep(l)
f *= 1

print ("Asyncio.Task - factorial (%$s) = %s" % (number, f))

@asyncio.coroutine
def fibonacci (number) :
a, b=20,1
for i in range (number) :
print ("Asyncio.Task: Compute fibonacci (%s)" % (1))
yield from asyncio.sleep(l)
a, b=>b, a+b
print ("Asyncio.Task - fibonacci(%s) = %s" % (number, a))

@asyncio.coroutine
def binomialCoeff (n, k):

result = 1
for i in range(l, k+1):
result = result * (n-i+l) / 1
print ("Asyncio.Task: Compute binomialCoeff (%s)" % (1))

yield from asyncio.sleep (1)
print ("Asyncio.Task - binomialCoeff (%s , %s) = \
%$s" % (n,k,result))
if name == " main ":
tasks = [asyncio.Task(factorial (10)),
asyncio.Task (fibonacci (10)),
asyncio.Task (binomialCoeff (20,10))]
loop = asyncio.get event loop()
loop.run until complete (asyncio.wait (tasks))
loop.close()

AR (1 5 R

C:\ Python CookBook \Chapter 4- Asynchronous Programming\codes -
Chapter 4> python asyncio Task.py

Asyncio.Task: Compute factorial (2)

Asyncio.Task: Compute fibonacci (0)

Asyncio.Task: Compute binomialCoeff (1)
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Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.
Asyncio.

Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:
Task:

Task

Task:
Task:

Task
Task

SCIFERE
wEh, ®ATE X T =AW E, factorial . fibonacci il binomialCoeff, Ui fif
BERIAREE, BT H @asyncio.coroutine #1fids

@asyncio.coroutine

def factorial (number) :

do Something

Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute
Compute

factorial (3)
fibonacci (1)
binomialCoeff
factorial (4)
fibonacci (2)
binomialCoeff
factorial (5)
fibonacci (3)
binomialCoeff
factorial (6)
fibonacci (4)
binomialCoeff
factorial (7)
fibonacci (5)
binomialCoeff
factorial (8)
fibonacci (6)
binomialCoeff
factorial (9)
fibonacci (7)
binomialCoeff
factorial (10)
fibonacci (8)
binomialCoeff

(8)

(9)

factorial (10) = 3628800

Compute
Compute

fibonacci (9)
binomialCoeff

- fibonacci (10) = 55
- binomialCoeff (20 , 10) =

@asyncio.coroutine
def fibonacci (number) :
do Something

@asyncio.coroutine
def binomialCoeff (n,
do Something

k) :

(10)

184756.0

4

SO
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IR EIFATPATIR=AMESS, EEEREATIAN —MESFIR S, TS -

if name == " main ":
tasks = [asyncio.Task(factorial (10)),
asyncio.Task (fibonacci (10)),
asyncio.Task (binomialCoeff (20,10))]

SRJG, FREL event loop :
loop = asyncio.get event loop()
TR, BITHES -
loop.run_until complete(asyncio.wait (tasks))
IXH, asyncio.wait (tasks) ¥EERFEA E IMERAT EEE.

fEfJa —NERIT, AT HIEEIA -

loop.close()

{EFAsyncioflFutures

Asyncio B 5 — AN SRR H A /& Future 28, '© 5 concurrent. futures.Futures 5 H
Bh, H2C 4% Asyncio I HAIEIR 1) EHLHIHEAT T %, asyncio.Future KK —Aik
ATTHBIEE R ((EWATRER — D). B, SR MRS i R R R .

b, R 2 A B A5 B [ G A AR 1R S

EBETE
A2 W R XA R HE Asyncio HHF Future X4 :

import asyncio
future = asyncio.Future ()

ZIET AT

> cancel () : B future, JFaeiER %,

> result() : [ future F{REMAE.

» exception() : iR[A] future ik ENFIRH .

» add done callback(fn) : FRII—MFE future PATIIEATHIERN 4 .

» remove done callback(fn) : M “457J5 1M (call when done)” %13 F1 2R —AN [l
XS B AT S
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» set result(result) : ¥ future fpid HC e, FFREBEHLER.
» set exception(exception) : ¥ future brid NE 5K, HRE I

g

i

=Ly NSKY)

N R FE N T AR Futures RE B AN PATES K EMRE, first coroutines Al
second coroutines, #lu, XML HIBATKET n AL FATHE n BB F LSS o
ATy

wnn

Asyncio.Futures - ff 4 R
mwuan

import asyncio

import sys

# 3K on DEERRIF]
@asyncio.coroutine
def first coroutine (future, N):
count = 0
for i in range(l, N+1):
count = count + 1
yield from asyncio.sleep(4)
future.set result ("first coroutine (sum of N integers) result =
+ str(count))

"

# 3R n TR
@asyncio.coroutine
def second_coroutine(future, N) :
count = 1
for i in range(2, N+1):
count *= i
yield from asyncio.sleep(3)
future.set result("second coroutine (factorial) result =
+ str(count))

"

def got result (future):
print (future.result())
if name == " main ":
N1 = int(sys.argv[1l])
N2 = int(sys.argv[2])

loop = asyncio.get event loop()
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futurel = asyncio.Future()
future2 = asyncio.Future()
tasks = [

first coroutine (futurel, NI1),
second coroutine (future2, N2)]

futurel.add done callback(got result)
future2.add done callback(got result)

loop.run until complete (asyncio.wait (tasks))
loop.close()

BAT LRI )5, JATRS TR s

C:\Python CookBook\Chapter 4- Asynchronous Programming\codes - Chapter
4>python Asyncio future.py 1 1

first coroutine (sum of N integers) result = 1

second coroutine (factorial) result =1

C:\Python CookBook\Chapter 4- Asynchronous Programming\codes - Chapter
4>python Asyncio future.py 2 2

first coroutine (sum of N integers) result = 3

second coroutine (factorial) result = 2

C:\ Python CookBook\Chapter 4- Asynchronous Programming\codes -
Chapter 4>python Asyncio future.py 3 3

first coroutine (sum of N integers) result = 6

second coroutine (factorial) result = 6

C:\ Python CookBook\Chapter 4- Asynchronous Programming\codes -
Chapter 4>python Asyncio future.py 5 5

first coroutine (sum of N integers) result = 15

second coroutine (factorial) result = 120

SLAIFSRE
EERT A, BATTE P future H R, 5P L.

if name == " main ":
futurel = asyncio.Future()
future2 = asyncio.Future()

1558 TS5, BATH future X R AENIFERIL SN -

tasks = [first coroutine (futurel, N1),
second coroutine (future2, N2)]

130



4 BEHE

e, BATAI—A> future PUTIRHEATHIEHAXT R

futurel.add done callback(got result)
future2.add done callback(got result)

XH, got_result &—MTE] future & 545 RATREL.

def got result (future):
print (future.result())

fEfE N future W RAENSESMIRET, SRR Z )G, RATVEE AR E 3 PR
MR 5), DA% AN AR E 4 A0 (X BEARIN 7] o

yield from asyncio.sleep(sleep time)

SRJG, FRiC future NESER, fE future.set result() MUFSEN N E HL R,

R

g U RE 2 1) PR RIS TRD X 3 i, BATT AT LUK HE 45 R AU BN R (et 28 AN
B H AT IR RO ERAED -
C:\Python CookBook\Chapter 4- Asynchronous Programming\codes - Chapter
4>python Asyncio future.py 1 10

second coroutine (factorial) result = 3628800
first coroutine (sum of N integers) result =1
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AEFEHNR :

{fH Celery 43 KAL 5%

Wil fdi il Celery 1l 4F 5%

{fH SCOOP #HT R} 215

fdi Fl SCOOP AbH e & pFy %t

{5 F Pyro4 L2 iE FH 7512

fii Fi] Pyro4 HEHEXT %

i F Pyrod JF Kk — A% i - Ml 2545 B
{81 PyCSP SEHG T i A% 1) 5
£ Disco H114 il MapReduce

i FH RPyC 1 iz fE il 2

v v v v v v v v v v

i

oA AT S A B SR TARRI S A DN MESS, R MESHA XK. A
TR0 28 e HI AT LS8 SR ek b 58 iRIX 28 & BEOR/NIAE 55 9 IR [R5 3R o AR A aih S, 4%
RIS B ORFF AT ] (REIRRZE . BANE HLEE IR, 58550 DL, IRFZ— A
B PR

A5 R I A A Py S AR AR i B, 32 A T (Fin S5 B R D i (Bl . A
) MEHEH. H4h, A MNEE AT FIEARHE A R R - 5 A 2CR 2% A7 1
PLER SR AR ERAE R G, X RGUE A I ANE . $sL b, mTHEE A XA h
MZMZ RIS, BT 7 AFERTH SRR S AT H ARFEAHR A2 g an e 3 73 A 208
IRERE 2 R A DM SR AEAELE o BRATRT LURFE UL, AN RIS f) DX JE A E T 10k 3 A1 B R AL
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SRR BE T A B2 AL AR b - IRSS 48 (client-server) HEAY, & n] DLLEAL T-AN[H]
HAL o R R A T A 4 SR ST UM, R PERE L 2 BT AR R A IR KT, S ER
B B304, T BB AN BR AT V5 . % i - IR 5% S AL B i AR R Gk
T RANLARRVEED, 8iman g Giomx Kaias) Sil. AFH 28 Python H1k
TR e TS5 B )50 53 T 8 AR TS RIS FH T 1) 0o G R ze A2 1 P A X S o A 28 M |
U1 Celery. SCOOP. Pyro4 Fl RPyC, LA S A H A AN 6] 77 v S BB %, 41 PyCSP Al Disco,
JE W% 72 Python H15%f % T MapReduce M) %5%.

M Celery 5 &{ESS

Celery s&— M TE B M AAE 51 Python HEAL, SR (12 [ )X G A AR 0 5 46 S5
HEZREAE G KRR NUES, HBH S RERETEN A, &5, BMESIERERN
He, MEERAENESR.

BAEEH Celery, FRATFELL N4

> Celery it (IR ZDTHI,

» JHEH S (message broker). X — AWM T Celery HIFAFLEAT:, Z— A EAF,

AT oA RAE S TAEE R R ARG S, W FEFR. HEH sl St
[E e e S DS P 2 b R g e . X 2R A ) gtk 77 %8 (addressing scheme) A
P o A, mRmm m R . Hod sk rat R A /1T e

VA D At RS
S5 R T TR E S B B

<R 1<} <] WE A

N

et -~ N i
> s T
P ‘\
/// \\
7

AP SR BAG HEELEEHE R
A RATHZIAE SRR E

HE PR

Celery SZRFZFPRTUHIHE B rp Ay, b BN K& RabbitMQ A1 Redis.
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B{RSCI
FAMEH] pip %% Celery. fEfmAHRRATH, BALT A4 -
pip install celery

RIG, ANLAZEHEE TN, XERAZANEEE, HEERFRRGF, FAVEH K2
RabbitMQ, Bl —MHl AV B 1) (a4 (AR /i B AL 3%, broker messaging), ‘&S
T & A WL (Advanced Message Queuing Protocol, fij#X AMQP). RabbitMQ fR %5 %%
KH Erlang 15595, HAEAN S H T8 BAETE AT BE )46 1) -7 245 -F & (Open Telecom Plat-
form, f&EiFx OTP) HEZR. ZEAH<Z3E RabbitMQ, 5%t N#(JiZ24T Erlang (http://www.erlang.
org/download.html), 4R f5 F T % 12 17 RabbitMQ % %% 2% Bl 0] (http://www.rabbitmg.
com/download.html), RabbitMQ 4¢3 FIFL & 75 E AL — sl 8], 2 J5 DAERIAHC B K HAE R &R
GR5IBAT -

55, A28 Flower (http://flower.readthedocs.org), & — M TMEMES Gz
ITHERL . RS VRIS AR S s ) 1 Web T H..

TEAT PR LT dr 4, %24 Flower :

pip install -U flower

)5, FATRIF ISR Celery /&5 4 ML fEMIERTTH, BALL T2

C:\celery --version

Z 5 BiZas I AL T TH S
3.1.18 (Cipater)

Celery HOf# FHAEH a1 5L, 40 7R s -

Usage: celery <command> [options]

IXH, AR T PR -

Options:
-A APP, —--app=APP app instance to use (e.g. module.attr name)
-b BROKER, --broker=BROKER
url to broker. default is 'amgp://guest@
localhost//"'
--loader=LOADER name of custom loader class to use.
—--config=CONFIG Name of the configuration module

--workdir=WORKING DIRECTORY

Optional directory to change to after detaching.
-C, —--no-color
-q, --quiet

=135F
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--version show program's version number and exit
-h, --help show this help message and exit

W

=

> AR TR Celery 35 FE KB Z 4075, T 1Jjl] www.celeryproject.com,

WN{al{EFR Celery GIEE{ESS
TEZosBl, FATEABanfa i H Celery B G2 18 AT 55 . Celery $24t T LA R H
1551 5.

» apply async(args[, kwargs([, ...]1]) : ZESHKEMELZHE.
» delay(*args, **kwargs) : IX & RIZ(TSTH BRI L, (EASCFRIIPATIED.

delay JETELF I, PRONETT DM 8 ok B — AR A

task.delay(argl, arg2, kwargl='x', kwarg2='y')

B apply async (i, PRMIZXFES -

task.apply async (args=[argl, arg2], kwargs={'kwargl': 'x',6 'kwarg2': 'y'})
BERSEI
WAEHRAT — N EAESS, FATH LI LR ASNEA
#H4#
## addTask.py : T REIPESE
###

from celery import Celery
app = Celery('addTask',broker="amgp://guest@localhost//")

@app.task
def add(x, v):
return x + y

#ETAEA
#H4
#addTask.py : J&fT addTask 7~

###
import addTask
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L

if name == "' main ':
result = addTask.add.delay(5,5)

FERIEEE—F, RabbitMQ AR 45 1F 23t %EEFAlei%%SJ: Zisit. Wik, wmEPAT
Celery TYE# RS 2%, RFEEMASRRFFHHALLT 4

celery -A addTask worker --loglevel=info

AN SR AT R I A R B PR .

— s TR — -

BEX Seleziona Prompt dei comandi - celery -A examplel worker --loglevel=info

Microsoft Windows [Versione 6.1.7681] -
Copyright <c> 2889 Microsoft Corporation. Tutti i diritti riservati.

C:sUsersslUtentesDesktopsPython CookBook:\Python Parallel Programming INDEX“Chapter 5 - Dist
ributed Pythonschapter 4 — codes>celery —A examplel worker ——loglevel=info L
[2815-85-38 14:49:11.374: WARNING-MainProcess1 C:\Python33xlib\site—packagesscelery appssu =
orker.py:161: CDeprecationlarning:

Btarting from version 3.2 Celery will refuse to accept pickle by default._

The pickle serializer is a security concern as it may give attackers

the ability to execute any command. It’s important to secure

lyour broker from unauthorized access when using pickle,. so we think

that enabling pickle chould require a deliberate action and not bhe

the default choice.

If you depend on pickle then you should set a setting to disahle this
arning and to be sure that euerythlng will continue working
hen you upgrade to Celery 3.2:

CELERY_ACCEPT_CONTENT = [’'pickle’. ’json’,. ’'msgpack’. ‘yaml’]

You must only enable the serializers that you will actually use.

warnings .warn{CDeprecationWarning{\_PICKLE_DEPRECATED}>
celery@Utente-PC v3.1.18 <(Cipater>
Windows—7-6.1.7681-8P1

[configl

.2 app: tasks:Bx2a8df98

-» transport: amgp:/sguest i *¥#@localhost 5672/

.> results: disahled

.» concurrency: 2 {(preforkd

[gqueues]

_» celery exchange=celery(direct? key=celery

[tasks]
. examplel.add

[2815-85-38 14:49:11.512: INFO-MainProcess] Connected to amgp://guest:*=@3127 8.0.1:5672/~
[2815-85-38 14:49:11.688: INF0-MainProcess] mingle: searching for neighbors

[2815-85-38 14:49:12.621: INFO-MainProcessz] mingle: all alone

[2015-A5-38 14:49:12.648: WARNING-MainProcess] celeryBlUtente—-PC ready.

WEBRRHBRMESEE, BYUHTLZE%EE, 254 pickle 1 AT 5164 (serializer).
ERINI PP 5SS BT LA pickle, RZBIAETTE (GCRPRE R %K Python X G AAES S 4
fEN). TTWARZETEH pickle, #)81% 1% B CELERY ACCEPT CONTENT fii B AF &, XX —%

=, LA A http://celery.readthedocs.org/en/latest/configuration.html {E N5

*,
WA, BAINT — D PR 9 )JH8) addTask main A, 417 F EFR.
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|

:xUserssUtentexDesktopsPython CookBooksPython Parallel Programming INDEX“Chapter 5 - Dist e
ibuted Pythonschapter 4 — codes>python addTask_main.py_

I S R N S DTS P SRS N P N T

[2015-A5-3@ - : INFO-MainProcess] Connected to angp:/ guest:*=(3127.0.8. 672,07 L
[2015-85-3@ 15:19:37,231: INFi@ MainProcess] mingle: searching for neighhbors
[2015-85-3@ 15: 19 38 248: INFO/MainProcess] mingle: all alone
- = WARNING-MainFrocess] celeryBlitente—PC ready
: INFO/MainProcess] Received task: addTask add[ZcBaf4c3—929a—4a38—
: INFO/MainProcess] Task addTask.add[ZcBaf4c3-92%a—4a38-9582-8d53h
: INFO/MainProcess] Received task: addTask.add[4bB76fad—18c9—4d%e—
B15-05-30 15:31:29 .548: INFO/MainProcess] Task addTask.add[4hB76fad—18c?—4d%e—Fabd—hahdé
Bal succeeded in H
: INFO/MainProcess] Received task: addTask.add[fe391d19-a89f-400a—

H igFO/HainPrucess] Task addTask.add[fe3?1di9—-a8?f-400a—af21-d7ff7

cdd??75]1 succeeded in 8

ZiRFE 10 CANERJm —AT R Al &, FITORH — 4

LIRS RE
BAVEKRE L — A, addTask.py. ERTHATAEH, 18 T —A Celery N JH 54,
HASFH T RabbitMQ R % Firh/r

from celery import Celery
app = Celery('addTask', broker='amgp://guest@localhost//")

Celery HEIEE — NS R YRR AR (addTask.py), H-NESEHNSH, T4
HTHTF#EEF N (RabbitMQ) ) URL - #RJE, AT ANAES . &AMMES LA N Qapp.
task JER.

FENH AR B Celery #AE 55 BAF A (R WL pR 25 v] DA B . fEREMdR 2, FRAIEI & TR
H AR UPATHMESS o B —AMES5 2 RN B 2 AN T3 B R AR
@app.task

def add(x, vy):
return x + y

FE5 —MAIAK AddTask main.py 1, fEf] delay () J5iEIAZAESS

if name == "' main ':
result = addTask.add.delay(5,5)
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1o, XN apply async () JrvERIEREET =0, Al b3RATEE i AT 55 BT .

R

A DLERA AL B 1217 RabbitMQ, Celery | A §Ei% 4% amqp: //scheme XA HIAL
{EF SCOOP #17RI=1HE

SCOOP, 4= FX Scalable Concurrent Operations in Python, 7= & “Python 1 [ 0] fi 4
KNIFRBEE”, B— DK KRES (BFRN Futures) 79 K AE 584 11 595 21 (heterogeneous
computational nodes) FIiz4T () Python #ith. HALWIET OMQ 1, Ja#H Mt T EN MR FRS
Z A Futures [1)777%. SCOOP N FH7E 75 £ 48 F 4= Al FH o1 5 S5 YR $0AT # 22 734 A 55 1R
FAHE

SCOOP KM 1 N K Fs X Al /M ik 7 &K Futures..

worker

‘ . o
Worker origin

worker .

. . o

worker
SCOOP %2y
BE RGO ITGRE R NI S A ML TAEE SR B AEE SR N . Futures JEIE
Bl T LA A (R, MREE —ES PR ESAN TAEF R e d#. X
HARFN A T AT 5, PERETE o SERR b, o IR 32 AR SR 4 R AR R () 1/O AA R,
Fr i ) CPU AL BRI [R]AH X 420

HEETIE
SCOOP FHLA]ZE https://github.com/soravux/scoop/ 4b3RHL, FTAIKREIANT -
» Python >=2.6 & >=3.2




PythonFHTHmIZSAt

v

Distribute >= 0.6.2 { setuptools >= 0.7
Greenlet >=0.3.4

» pyzmq>=13.1.0 J libzmq >= 3.2.0
SSH (JFiZfEdT)

SCOOP "] %#5T Linux. Mac 1 Windows #L#sH1. 1 Disco —Ff, LM/ SCOOP i %
SSH # A, 1 H AT s [l L T J3 A o A& i e . A 5% SCOOP Z e R e B2 %,
1§24 http://scoop.readthedocs.org/en/0.7/install.html P = BF5F -

#£ Windows HlasH1, Hi A LLN A& B A) %22 SCOOP :
pip install SCOOP

v

v

34k, AT LU SCOOP EAf R T H 3¢ R LR fir 4> -

Python setup.py install

B{RsLI

SCOOP B4V 2 thit, EEM TR A RBER AT R B ik o Fe it
SGRUR, HRAF L TSR R P A R T IT AR sE BARIR T RE & AR A B KRR, H2
FEMGI R, BATRTHANBUWFTAEH SCOOP MR FFAT M SR B AR LR R« 155
oo B, EBATKE LU TS -

import math

from random import random
from scoop import futures
from time import time

def evaluate number of points in unit circle(attempts) :
points fallen in unit disk = 0
for i in range (0, attempts):
x = random ()
y = random()
radius = math.sqgrt (x*x + y*y)
# WCR SRR B Y, Ui i
if radius < 1:
# MiER s, N S HE
points fallen in unit disk = \
points fallen in unit disk + 1
return points fallen in unit disk

def pi calculus with Montecarlo Method (workers, attempts):
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print ("number of workers %i - number of attempts %i"
% (workers, attempts))
bt = time ()

# XBFATMA scoop. futures.map
# ORJE SRR A R B
# AL S TT AT
# IR HATLAIF R 2 0 H i R 5
evaluate task = \
futures.map (evaluate points in circle,
[attempts] * workers)
taskresult = sum(evaluate task)
print ("%$1i points fallen in a unit disk after "
% (Taskresult/attempts))

pivalue = (4. * Taskresult / float (workers * attempts))
computationalTime = time() - bt
print ("value of pi = " + str(piValue))
print ("error percentage = " +
str((((abs(piValue - math.pi)) * 100) / math.pi)))
print ("total time: " + str(computationalTime))
if name == " main ":

for i in range(l, 4):
# AOVK CAEEHERERN 2,
# MR BCEE T DR BT
pi calculus with Montecarlo Method(i*1000, i*1000)
print (" ")

WMEGEAT /> SCOOP R )77, AT I i AR s A5 H A AL T 154
python -m scoop name file.py

BATAZ IS, Bz HIm N

C:\Python CookBook\Chapter 5 - Distributed Python\chapter 5 -
codes>python -m scoop pi_calculus _with montecarlo_method.py
[2015-06-01 15:16:32,685] launcher INFO SCOOP 0.7.2 dev on win32
using Python 3.3.0 (v3.3.0:bd8afb90e

bf2, Sep 29 2012, 10:55:48) [MSC v.1600 32 bit (Intel)], API: 1013

[2015-06-01 15:16:32,685] launcher INFO Deploying 2 worker(s) over 1
host(s) .

[2015-06-01 15:16:32,685] launcher INFO Worker d--istribution:
[2015-06-01 15:16:32,686] launcher INFO 127.0.0.1: 1 + origin

Launching 2 worker(s) using an unknown shell.
number of workers 1000 - number of attempts 1000
785 points fallen in a unit disk after

value of pi = 3.140636
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error percentage = 0.03045122952842962
total time: 10.258585929870605

number of workers 2000 - number of attempts 2000
1570 points fallen in a unit disk after

value of pi = 3.141976

error percentage = 0.012202295220195048

total time: 20.451170206069946

number of workers 3000 - number of attempts 3000
2356 points fallen in a unit disk after

value of pi = 3.1413777777777776

error percentage = 0.006839709526630775

total time: 32.3558509349823

[2015-06-01 15:17:36,894] launcher (127.0.0.1:59239) INFO Root process
is done.

[2015-06-01 15:17:36,896] launcher (127.0.0.1:59239) INFO Finished
cleaning spawned subprocesses.

B 2RO TAEF B AW, o A IERA (BBl i, a0~ EPTR .

o0 O
O

SR FEZEER nE  HTEERN S

SRS

B RS PR 2 SRR w50 B SIS B — A, BEBLYE T eval-
vate_ points_in_circle () B¥t AJFHE AR (o) HEHIWTIZ T BT 807X b
FAERIE .
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—H points_fallen in unit _disk % 1#%};‘2%“%52‘1 BN R FIAR RN 1o RN
EPEA LRI, 2R EWHAR TENE N S8 XA EF AT IHE o fE. F b,
HTENE N HIMER 2 n/4, a2 AR A (5T o SHAMZIEREMR (5T 4) K.

DR, 3@ I T BV O\ K B N 1 80 (taskresult) 52 (TAEEB0E X 2R B0
B, RIRTERTS n/4 R ME, SR RAS T 8 o (1A -

pivalue = ( 4. * taskresult / float (workers attempts *))

SCOOP &4 A7 -

futures.map (evaluate_points_in_circle, [attempts] * workers)

Z R T AE T AR B R E A, RN RS R B LR oy iEiT
evaluate points in circle, I RIATLZ A evaluate points in circle .

{5 SCOOP A-IERRETEREL

FER BB R B HAB B P A0, A — DN AREA I AR, RIXESIZR P i RS o2 B
HFFRIE, SRR R i, FIREHERAEAT LU ﬁéy\l’ython H#7 [ IDLE H T

>>> items = [1,2,3,4,5,6,7,8,9,10]
>>> updated items = []

>>> for x in items:

>>> updated_items.append (x*2)

>>> updated_items
>>> [2, 4, 6, 8, 10, 12, 14, 16, 18, 20]

SR A BRE. Ait, Python BN BARRE, TTLASERLA A TAE .
Python i %{ map (aFunction, aSequence) 5t A it i 7 FH 1 T 3% A it 52 o (94— I,
TR ]/ 25 A R MO 4 BB . BIAE, [RRE A 70T LU R S <

>>> items = [1,2,3,4,5,6,7,8,9,10]
>>> def multiplyFor2 (x) :return x*2
>>> print(list (map (multiplyFor2,items)))
>>> [2, 4, 6, 8, 10, 12, 14, 16, 18, 20]

ZKE, FRATRA S HE R multiplyFor2 A& N T map B, B8 H 2] items %)
KRR, BJEE— DR P BTN,

FAh, WAL —AS lambda AL CE B RS BIARIRTF IR ED 1E NS HUEN, A
e R A NI B R B[RRI ¥ BILAE AT DUIX AR SEB

>>> items = [1,2,3,4,5,6,7,8,9,10]
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>>> print(list(map(lambda x:x*2,items)))

>>> [2,

4, 6, 8, 10, 12, 14, 16, 18, 20]

P E AL map I E R PEREIL S, DUVEH TS for fiF3h R,

ST
SCOOP HEHE X T % AN B, SCHRE A4 25 HE T 0 S5 LB B B 2 F o

>

futures.map (func, iterables, kargs) : iR [A]—A> DA%\ 30 AR &) 54 45 5 i A
PR, TR bR b map () AL EAT

futures.map as completed(func, iterables, kargs): N ZEgh i —mn] FIEIAE pligh R,
futures.scoop. futures.mapReduce (mapFunc, reductionOp, iterables, kargs) :

SCRFLERNH map () BREUS B RIER 2L (reduction function) J4T4k, RFEIFHEAITE.

B{RsCI)
EMBIF, FRATK T L MapReduce pR%Lf) SCOOP SLHLA 47528 (serial implementation) :

Eb#: scoop il MapReduce FlER 47523

import operator
import time

from scoop import futures

def simulateWorkload (inputData) :
time.sleep(0.01)
return sum(inputData)

def CompareMapReduce () :
mapScoopTime = time.time ()
res = futures.mapReduce (

)

simulateWorkload,
operator.add,
list([a] * a for a in range(1000)),

mapScoopTime = time.time () - mapScoopTime
print ("futures.map in SCOOP executed in {0:.3f}s \

with result:{1}".format (
mapScoopTime,
res
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mapPythonTime = time.time ()
res = sum/(
map (
simulateWorkload,

list([a] * a for a in range (1000))

)
mapPythonTime = time.time () - mapPythonTime
print ("map Python executed in: {0:.3f}s \
with result: {1}".format (
mapPythonTime,
res
)
)
if name == "' main ':
CompareMapReduce ()

WNEIBATIZIA, DAL 2

python -m scoop map_reduce.py

> [2015-06-12 20:13:25,602] launcher INFO SCOOP 0.7.2 dev on win32
using Python 3.4.3 (v3.4.3:9b73flc3e601, Feb 24 2015, 22:43:06) [MSC
v.1600 32 bit (Intel)], API: 1013

[2015-06-12 20:13:25,602] launcher INFO Deploying 2 worker(s) over 1
host(s) .

[2015-06-12 20:13:25,602] launcher INFO Worker d--istribution:
[2015-06-12 20:13:25,602] launcher INFO 127.0.0.1: 1 + origin
Launching 2 worker(s) using an unknown shell.

futures.map in SCOOP executed in 8.459s with result: 332833500

map Python executed in: 10.034s with result: 332833500

[2015-06-12 20:13:45,344] launcher (127.0.0.1:2559) INFO Root process is

done.
[2015-06-12 20:13:45,368] launcher (127.0.0.1:2559) INFO Finished

cleaning spawned subprocesses.

SLRIRERE

fESE4 T, B AT H T MapReduce B HUH) SCOOP SEHLAI H AT S 3. A A Y 6 2
CompareMapReduce () B%, Hrf & T AAlSEal. [FIREAEZM AT, BATHUR L F Rt 5
PUTI ) <
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mapScoopTime = tme.time ()

# 1817 scoop M) MapReduce
mapScoopTime = time.time () - mapScoopTime
mapPythonTime = time.time ()

# IBITHATHRIY MapReduce
mapPythonTime = time.time () - mapPythonTime

SR BATTAE i AT BN & AT I [

futures.map in SCOOP executed in 8.459s with result: 332833500
map Python executed in: 10.034s with result: 332833500

BAERAG 0] LA R BAT IR 1], FRAVBEL S i o 5 AR f %k, 7E simulatedWordload i
g A—A time.sleep iEA] :
def simulateWorkload (inputData, chose=None) :

time.sleep(0.01)
return sum(inputData)

mapReduce [£] SCOOP SZHLUNF -

res = futures.mapReduce (
simulateWorkload,
operator.add,
list([a]l] * a for a in range(1000)),

futures.mapReduce G UL T &4,

» simulateWork: i /1% & ¥ 7] 4T Futures. i 55 104E (2, AT FH 6T 50 4R (1] —ME .

» operator.add: P iZERE VT4 (reduce) Futures i8fT45 %, HIiE, B WLIES
WS, FFIRE—NR—1E,

» list(...... ) ¢ IX AR N PRI Future 42 N\ RJ R A X R0 A0 £ .

mapReduce [ FATSZILAN R -

res = sum
map (
imulateWorkload,
list([a] * a for a in range(1000))

Python F iIA5HE map () BT A PSS . simulateWorkload EREAIAEACKT G 1ist () o
AL, N TRERIAZ), FAVEH T sum kL.
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(M Pyro4 izi2i AR5 %

Python iZ 423+ % (Python Remote Objects, K Pyro4) J&— AL Java HHIFE J5 v H
(Remote Method Invocation, fiifk RMD WfE, RN R 8T ARMER, nrfefs
THR—aia b Wik, g e xR (EJE T 7 AR #EED, i~ EFR.
EIXME L, mRE A R DL M B AT [F1 . 22334298 A (remote procedure
call, TEIFE RPC) FIME G B 42 HE 1 ) of R QBT A 21 CFE 1 [l ek R s Hp, D7 i #8) .
FE I A G R G0 s I AR v AL, o] DRI E R BRI — Bt SRR, BN
B AT RALE AT [R]— AN SRR A AR 2 B A2 B, % LR H T RoR— AN
FA BTV AR AN R R AE H

Application
/ \
Client Server
I I
Stubs Skeletons
v v
Remote Reference Layer (RRL) RMI System
v v
Transport Transport
\ Network /
mi2 AR

M EEFTEAE B, Pyro4 SCRFLAZE 7 o - ik 55 a5 KB A BEA 70 A R o IXEHRE — 4
Pyro4 % 4t () 2 B 73 W] DL — AN U FH Sz R e 5 ) 2 7 i D7) 46 380 — A SR 13t b i 3 B2
ERERRAZ, ExfERAYE, —BEAENDIREES, Bz rimAa i, Mo sk
AT R P A . R, XL E LY B Pyrod DAy A I AT

EFTE
i pip AT LAERFA 2235 Pyrod [ 5 fEA 24T I : pip install pyro Riw],

AT LA https://github.com/irmen/ Pyrod &b F#EFEEM A, K5 MEHZ FHA
Python ] setup.py %4 1T %%
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TEFE T ORI, FATRAE R Windows HlL#s L) Python 3.3 KAT IR .

BRI

TEAFI R, AT BT Pyrod w44 R G R8N 5 2 P o - iRk 9% 280805
R4t Bk, FRATLG S P Python A,

k554 (server.py) HIARASANTT -

import Pyro4

class Server (object) :
def welcomeMessage (self, name) :
return ("Hi welcome " + str(name))

def startServer():
server = Server ()
daemon = Pyro4.Daemon ()
ns = Pyrod.locateNS()
uri = daemon.register (server)
ns.register ("server", uri)
print ("Ready. Object uri =", uri)
daemon.requestLoop ()
if name == " main ":
startServer ()

%/ (client.py) KIS
import Pyro4

uri = input ("What is the Pyro uri of the greeting object? ").strip()
name = input ("What is your name? ").strip()

server = Pyro4.Proxy ("PYRONAME:server")

print (server.welcomeMessage (name) )

TEIBAT ARG Z |, F5ESIB T — Pyro ZHkIR554E (name server). AUk, W LAfEAT 44T
WAL T A4

python -m Pyro4.naming

ZJg, SEBWTEPEER.
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:SUserssUtente >python —m Pyro4.naming

ot starting broadcast sewver for localhost.

S running on localhost:9898 (127.8.8.1>

arning: HMAC key not set. Anyone can connect to this servert
RI = PYRO:Pyro.NaneServerPlocalhost:7898

RERAE AR SS & CAEIRRI M 28 hiz AT . SR, AT BAEPT NS ] & & 1 i E
BRSSP A . W EIEAT IR S5 AS, AT LT a4

python server.py

e, 2BEFIERUTEPRBNA.

B3 Prompt dei comandi - python server.py

=sUserssltentesDesktopsPython Cnnannk\Pythun Parallel Programming INDEX“Chapter 5 - Distributed Pythnn\
hapter 5 — codes)python sewver [
eady. Object uri PYRO:zohj_¢ 6'?54835chh464caBBBhd7cffc132af‘?d@10ca1host 52862

INESEATR P, AR
python client.py
e, BRI e
insert the PYRO4 server URI (help : PYRONAME:server)

X LN IAS Pyrod AR5 #sHI4FK, H) PYRONAME: server :

insert the PYRO4 server URI (help : PYRONAME:server) PYRONAME:server

WIE A B ESRIF A B A T IHE

What is your name? Rashmi

, RGBT —NWGm E . Hi welcome Rashmi, #1 R EFTR.

B3 Prompt dei comandi

icrosoft Windows [Uersione 6.1.760811]
opyright {(c» 288% Microsoft Corporation. Tutti i diritti riservati.

.\Users\Utente\Desktup\Python CookBook“\Python Parallel Programming INDEX“Chapter 5 — Distributed Python“

-py
: PYRONAME:server? PYROMAME:server

i welcome Rashmi

=sUgersslUtentesDesktoprPython CookBook Python Parallel Programming INDEX~Chapter 5 — Distributed Python™
hapter 5 — codes>_
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SLAI RS AR
R 4% 2% rp 4 A5 B] DL R U 0 B % (Server 2K). ERANTHI R, % NG —4
welcomeMessage () J7¥%, REl—/NirA % P i & PR LRI R/ 8 -

class Server (object) :
def welcomeMessage (self, name) :

return ("Hi welcome " + str (name))

WNE GRS (startServer () %D, WAL T B ERFEATHAE -

L.
2

7@ Server 2K (44~ server) : server = Server (),

BIZE—A> Pyro “FP'FEF (daemon) : daemon = Pyrod.Daemon (). Pyrod fffi~F#'FEF
XoF SR AL N IR FH A SR 2 R 25 AH N B B0 R 55 0 206 2l — A 0 5 8 L S 1) 1 4
T BMRSSEEA — NIRRT T, € %R 2RSS T Pyro X 4.

- PUATZIAZAET, BAUSAT A Pyro AFRARST A I, BRATEE AR A FRAR S5 &% -

ns = Pyro4.locateNS(),

R, TERIZARS A M N Pyro Xt % object, HAATE Pyro SFHFEF I A 5niE
W& : uri = daemon.register (server), ‘IR [AIVEM R F ] URL,

B, A UE ARG a8 A — N B2 G R %54 : ns.register ("server™,
uri),

PR EOSAT RS, KR SF AP FE T I eventloop k. XB ) sl RS % I SHARE IR,
FEE HAR A AN .

Pyro4 API ] DLibJF /& 3 B 4 K 0T B %5 1 i A 1) il 55 28 B8 7 16 AT welcome-
Message () J7VAMER . 1Z@EFEWH B o0 @—MREXT S (Proxy object). F5Z [, Pyrod
7 i s FH AR G RO I AR R TV, I 45 SRAR 34 el A FH AGAS

server = Pyro4.Proxy ("PYRONAME:server")

U, AR S5 48 B REREIT ENRGWY 2 U -

print (server.welcomeMessage (name) )

{5 Pyro4 $&E3d%R

FEZoRGIT, BATEAN BT Pyrod4 G —S0 G, Hrh O SA IR RS
ATTARHA S — AN SRABL B s (4 2 A U584 o
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v Server 1
// \
// /‘ \
/// // \\
Pl / \\
s /
/// / \\
; /
Client P / \
- / \
/ \
/ \
/ \
/ \
/ \
/ X
@ 4
Server 3 Server 2

F A Pyro4 $EHExts

H 4NN AR, URAREES RN A1 3 MRS 2, in BRI R . P il s
SREER ZE Serverl 355N T8N (chain calD), J5& BB iERE% K E Server2. KRG, BEH
PAFBE ) R — 0% Server3. 24 Server3 TR AT Serverl B, 4R,

FATRLEABIIXA R, SFE E I & BT R R . AT UMY R Ix Bt 4, LA
SCRFE IR R 15 A 2

B{RsCl
AT Pyrod 93— ANXH REE, FE S Python A, H—AMEE U (test.py).
DU R HOARES -

from  future  import print function
import Pyro4

obj = Pyrod.core.Proxy ("PYRONAME:example.chain.A")

)

print ("Result=%s" % obj.process(["hello"]))

BRSSP A — AU R S HL this BLE—A> next 24, AIEHAX REEHRRA S,
JEHE ST PR MRS A (AU this JE B IRST )

AR R REESEIUE RIS I, W AR 5o R AR K A .

> server l.py:

from  future  import print function
import Pyro4
import chainTopology
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this = "1"

next = "2"

servername = "example.chainTopology." + this
daemon = Pyro4.core.Daemon ()

obj = chainTopology.Chain(this, next)

uri = daemon.register (obj)

ns = Pyro4.naming.locateNS ()

ns.register (servername, uri)

# ENIRSSIEIR
print ("server %s started " % this)
daemon.requestLoop ()

> server 2.py:
from  future  import print function
import Pyro4
import chainTopology

this = "2"
next = "3"
servername = "example.chainTopology." + this

daemon = Pyro4.core.Daemon ()

obj = chain.chainTopology (this, next)
uri = daemon.register (obj)

ns = Pyro4.naming.locateNS ()
ns.register (servername, uri)

# ENIRSSIEIR
print ("server %s started " % this)
daemon.requestLoop ()

> server 3.py:
from  future  import print function

import Pyro4
import chainTopology

this = "3"
next = "1"
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servername = "example.chainTopology." + this
daemon = Pyro4.core.Daemon ()

obj = chain.chainTopology(this, next)

uri = daemon.register (obj)

ns = Pyro4.naming.locateNS ()

ns.register (servername, uri)

# HENRSSIEIA
print ("server %s started " % this)
daemon.requestLoop ()

BIE— N HA R chain %1%, LW RHTR :
» chainTopology.py :

from  future  import print function
import Pyro4

class Chain(object) :
def init (self, name, next):
self.name = name
self.nextName = next
self.next = None

def process(self, message):
if self.next is None:
self.next = Pyrod.core.Proxy(
"PYRONAME :example.chain." + self.nextName)
if self.name in message:
print ("Back at %s; the chain is closed!" % self.name)
return ["complete at " + self.name]
else:
print ("%s forwarding the message to the object %s"
% (self.name, self.nextName))
message.append (self.name)
result = self.next.process (message)
result.insert (0, "passed on from " + self.name)

return result

WMFHEPATIZR B, S EIBAT Pyrod M FRIRSS 45 -

C:>python -m Pyro4.naming

Not starting broadcast server for localhost.

NS running on localhost:9090 (127.0.0.1)

Warning: HMAC key not set. Anyone can connect to this server!
URI = PYRO:Pyro.NameServer@localhost:9090
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WG, BIT = MRS RS FTIF =R FF, SREHI python server name.py fif4>.
21T server 1 2 )5, RZe ISR EIFRIIHEE .

B3 Prompt dei comandi - python server_l.py HEW

icrosoft Windows [Wersione 6.1.760811
opyright (c> 2889 Microsoft Corporation. Tutti i diritti riservati.

sUserssUtentesDesktop Python CookBook“Python Parallel Programming INDEX“Chapter 5 — Distributed Python“

hapter 5 — codesschain>python server_1.py
server_1 started

1817 server 2 Z J&, MiiZex IR PRI E .
oo ez N e

sUzersslUtenterDesktopsPython CookBook“Python Parallel Programming INDEN“Chapter 5 — Distributed Python“ i
hapter 5 - codesschain>python sevrver_2_py D
erver_2 started

21T server 3 2 )5, ROz EIFTRIIHEE .

icrosoft Windows [Wersione 6.1.760811
opyright (c> 2889 Microsoft Corporation. Tutti i diritti riservati.

sUserssUtentesDesktop Python CookBook“Python Parallel Programming INDEX“Chapter 5 — Distributed Python“
hapter 5 — codesschain>python server_3.py
server_3 started

Wi, AT — AT HIEAT client.py A,

@8 Prompt dei comandi

icrosoft Windows [Versione 6.1.76811
opyright (c> 20@7? Microsoft Corporation. Tutti i diritti riservati.

:sUserssUtentesDesktopsPython CookBook“Python Parallel Programming INDER“Chapter 5 — Distributed Python“
hapter 5 — codesschainlpython client.py
esult=['passed on from 1’, ‘passed on from 2’, ‘passed on from 3’'. ‘complete at 1’1

FHEETEE RN, FRIERAE T AN RS SR, HmE] server 1, fES5TEHL.
FiAh, PATR L SOGE S SRR BB N — D RIS, W RIRSS AT . AR T
TRERAA 4, EEFLU T server 1 FI#EIEIHIITHEE -
ﬁpm-mpt-«;ei c-c;andi -

e
icrosoft Windows [Uersione 6.1.76011
opyright (c> 288? Microsoft Corporation. Tutti i diritti riservati.

ssUserssUtentesDesktopsPython CookBook“Python Parallel Programming INDEX“Chapter 5 — Distributed Python“
hapter 5 - codesschainlpython server_1.py

erver_1 started

forwarding the message to the obhject 2
forwarding the message to the ohject 2
ack at 1; the chain is closed!
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server 2 ZERUTT KPR,

T e
B3 Prompt dei comandi - python server_2.py

sUzersslUtenterDesktopsPython CookBook“Python Parallel Programming INDEN“Chapter 5 — Distributed Python“ i
hapter 5 - codesschain>python sevrver_2_py D

erver 2 started
forwarding the message to the object 3

server 3 IZIRITT KPR,

-ﬁ Prompt dei comandi - python server 3.py

-

:sUserssUtentesDesktopsPython CookBook“Python Parallel Programming INDER“Chapter 5 — Distributed Pyt}mn\D

hapter 5 — codesschain2python server_3.py
server_3 started
3 forwarding the meszage to the obhject 1

—

SCOIFEHRE

2R B %0 & € AE chainTopology.py WU Chain 8. ‘&S HF =AMIRSS & Z A HEAT il
f&. br b, HAMRSSFHHIZE, FEdEh N —uERE4 (ZF chainTopology.
py PHITIERER) . 534k, EAER Pyrod.core.proxy i fJHATIHA -
if self.next is None:

self.next = Pyrod.core.Proxy(
"PYRONAME :example.chain." + self.nextName)

WREER A (SERM server 3 3| server 1 Hif)a — XA, I EIRMAHEE «

if self.name in message:
print ("Back at %s; the chain is closed!" % self.name)
return ["complete at " + self.name]

WARBEFIRAAET A IEER, SATEH - FERNE

print ("%s forwarding the message to the object %s"
% (self.name, self.nextName))
message.append (self.name)
result = self.next.process (message)
result.insert (0, "passed on from " + self.name)
return result

ARG 2 RS AR, AR YT e E= M T — AN e R A AR Bl FHZ
B—AMIRSGE (server 1) fH5E X -

this = "1"
next = "2"
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ARG I HEAAT IR A, 3 T S8R T AN TR s AE AR

servername = "example.chainTopology." + this
daemon = Pyro4.core.Daemon ()

obj = chainTopology.Chain(this, next)

uri = daemon.register (obj)

ns = Pyro4.naming.locateNS ()

ns.register (servername, uri)
daemon.requestLoop ()

e, R A, BATES AT TR (server 1) RAZNHERE

obj = Pyrod.core.Proxy ("PYRONAME:example.chainTopology.1l")

{FFH Pyro4 A &—1"ZERin-kZs=NE

FEZoR b, BATHE A B fT 5 F Pyrod FF & — AR 510 % 7 0 - RSS2 (C/S) LA .
KEANROMAFFEATEE, (HECLR& T REW I 5E Bt AT AL R 8:58 38 I e il T k.

B - R S5 A L A (0 A R A, e e i P B i A AR O A, A2
ANREE RS, 05 Hth s 7 i AR B B, SRR AR PR . FETR AR
AR, M55 as B B —NMELRIW Y R, T e W B o BRI RE R AT I =

BRI

N T RN, AT 3 MAA. A E X TR client, HTEMES, 5
TAEIAR E LT SR shop, B = AMHIA E LT XA server,

k%5 %% (server.py) MIMASAIT -

#

#  Shop R%%s

#

from  future  import print function

import Pyro4
import shop

ns = Pyro4.naming.locateNS ()
daemon = Pyro4.core.Daemon ()
uri = daemon.register (shop.Shop())

ns.register ("example.shop.Shop", uri)
print(list(ns.list (prefix="example.shop.") .keys()))
daemon.requestLoop ()
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from  future  import print function
import sys
import Pyro4

# Shop &J'if
class client (object):
def init (self, name, cash):
self.name = name
self.cash = cash
def doShopping deposit cash(self, Shop):
print ("\n*** %s is doing shopping with %s:"
% (self.name, Shop.name()))
print ("Log on")
Shop.logOn (self.name)
print ("Deposit money %s" % self.cash)
Shop.deposit (self.name, self.cash)

o)

print ("balance=%.2f" % Shop.balance(self.name))

o)

print ("Deposit money %s" $ self.cash)
Shop.deposit (self.name, 50)

o)

print ("balance=%.2f" % Shop.balance (self.name))

print ("Log out")
Shop.logOut (self.name)

def doShopping buying a book(self, Shop):
print ("\n*** %s is doing shopping with %s:"
% (self.name, Shop.name()))
print ("Log on")
Shop.logOn (self.name)
print ("Deposit money %s" % self.cash)
Shop.deposit (self.name, self.cash)
print ("balance=%.2f" % Shop.balance (self.name))
print ("%$s is buying a book for %s$"
% (self.name, 37))
Shop.buy(self.name, 37)
print ("Log out")
Shop.logOut (self.name)

if name == "' main_ ':
ns = Pyro4.naming.locateNS ()
uri = ns.lookup ("example.shop.Shop")
print (uri)
Shop = Pyro4d.core.Proxy(uri)
meeta = client ('Meeta', 50)
rashmi = client ('Rashmi', 100)

5 42z Python
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rashmi.doShopping buying a book (Shop)
meeta.doShopping deposit cash (Shop)
print("")
print ("")
print ("")
)

nn

print
print ("The accounts in the %s:" % Shop.name())
accounts = Shop.allAccounts()
for name in accounts.keys():
print(" %s : $.2f"

Q

% (name, accounts[name]))

% shop (shop.py) HIACHLUIT .

class Account (object) :
def init (self):
self. balance = 0.0

def pay(self, price):
self. balance -= price

def deposit(self, cash):
self. balance += cash

def balance (self):
return self. balance

class Shop (object) :
def  init (self):
self.accounts = {}
self.clients = ['Meeta', 'Rashmi', 'John',

def name (self) :
return 'BuyAnythingOnline'

def logOn(self, name):
if name in self.clients:

self.accounts[name] = Account ()
else:

self.clients.append (name)

self.accounts[name] = Account ()

def logOut (self, name):

[

print ('logout %s' % name)

'Ken']

158



5 42z Python

def deposit(self, name, amount):
try:
return self.accounts|[name].deposit (amount)
except KeyError:
raise KeyError ('unknown account')

def balance(self, name):
try:
return self.accounts[name] .balance ()
except KeyError:
raise KeyError ('unknown account')

def allAccounts (self):
accs = {}
for name in self.accounts.keys():
accs[name] = self.accounts[name] .balance ()
return accs

def buy(self, name, price):
balance = self.accounts[name] .balance ()
self.accounts[name] .pay(price)

BATANS 2/, AT S A Bl Pyro4 KRGS 4%

C:>python -m Pyro4.naming

Not starting broadcast server for localhost.

NS running on localhost:9090 (127.0.0.1)

Warning: HMAC key not set. Anyone can connect to this server!
URI = PYRO:Pyro.NameServer@localhost:9090

SRJ5, 1 python server.py & AalR% 5. BITmA2)h, BRI THEE-S
HIETE .

E¥ Prompt dei comandi - python server.py . @M

icrosoft Windows [Uersione 6.1.76811 -
opyright <c> 208? Microsoft Corporation. Tutti i diritti riservati. |

sUszerssUtentesDesktopsPython CookBook“Python Parallel Programming INDER“Chapter 5 — Distributed Python\_
hapter 5 — codes“banks>python server.py
[*example.shop.Shop’ 1

e, VRN dr, IR 5T -

python client.py

BAT LA )E, S FTEIRSOA
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C:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming
INDEX\Chapter 5 - Distributed Python\

chapter 5 - codes\banks>python client.py
PYRO:obj_8c4a5bdae7554c2c9feee5b0113902e0@1localhost:59225

*** Rashmi is doing shopping with BuyAnythingOnline:
Log on

Deposit money 100

balance=100.00

Rashmi is buying a book for 37$

Log out

*** Meeta is doing shopping with BuyAnythingOnline:
Log on

Deposit money 50

balance=50.00

Deposit money 50

balance=100.00

Log out

The accounts in the BuyAnythingOnline:

Meeta : 100.00
Rashmi : 63.00

E A RS T Meeta M1 Rashmi X P44 % 7 2Z A — IR ] B 22 0

SCAIFERE
32 FH B IR 55 4 i AL A€ o2 Shop () XS8R, a0 i &) RIA] -
ns = Pyro4.naming.locateNS ()

I, AR —NIEEEIE

daemon = Pyro4.core.Daemon ()

uri = daemon.register (shop.Shop())
ns.register ("example.shop.Shop", uri)
daemon.requestLoop ()

shop.py BIA F AL T HI T IK 7 R 4 35 PR SR . shop RE BN, RIEE
Mk, BRSNS, IR

class Shop (object) :

def logOn(self, name):

A E
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if name in self.clients
self.accounts[name] = Account ()
else
self.clients.append (name)
self.accounts[name] = Account ()

def logOut (self, name):
print ('logout %s' %name)

def deposit(self, name, amount):
try:
return self.accounts|[name].deposit (amount)
except KeyError:
raise KeyError ('unknown account')

def balance (self, name):
try:
return self.accounts[name] .balance ()
except KeyError:
raise KeyError ('unknown account')

def buy(self, name, price):
balance = self.accounts[name] .balance ()
self.accounts[name] .pay(price)

BAE A B O Account (R, M RIRML TE B P EE 05 -

class Account (object) :
def init (self):
self. balance = 0.0

def pay(self, price):
self. balance -= price

def deposit(self, cash):
self. balance += cash

def balance (self):
return self. balance

JE, client.py IATEE T HTHEZNE A EANNE. E£FEFS, ROTLGEHNE
F* : Rashmi fll Meeta,
meeta = client ('Meeta',50)

rashmi = client ('Rashmi',100)
rashmi.doShopping buying a book (Shop)
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meeta.doShopping deposit cash (Shop)

MATIFE NI o LA T — 285, IRIRITIRIaY), R -

» Rashmi LT —A&F .
def doShopping buying a book(self, Shop):
Shop.logOn (self.name)
Shop.deposit (self.name, self.cash)
Shop.buy(self.name, 37)
Shop.logOut (self.name)

> Meeta 110Kt 73 PRIAEA 100 67T -
def doShopping deposit cash(self, Shop):
Shop.logOn (self.name)
Shop.deposit (self.name, self.cash)
Shop.deposit (self.name, 50)
Shop.logOut (self.name)

> TERREE WA, TRERFIRAS Meeta Al Rashmi K . P R 40 -

)

print ("The accounts in the %s:" % Shop.name())
accounts = Shop.allAccounts ()
for name in accounts.keys():
print (" %$s : $.2f"

)

% (name, accounts[name]))

{EFPyCSPEEIEFr# g S

PyCSP & & T 3# 15 i Il ¥ #EFE (communicating sequential processes, i A% CSP) [ —
Python 18, & &V BA% 1% 7 M I R AR P I — Pl g A2 Ta . PyCSP BEHAT LA R 4R AL -

i o ST M DS Rt

> JdRk T@ﬁﬁﬂﬂ LN

> I ST R B A

I TE SCHF -

> FEFEAAC A

> R

PyCSP ¥ A~ [F] 28 B ()i & : One20ne. One2Any. Any20ne Fl Any20ne. iX¥£44
FRUCHH 7 AT DL i@ 18 34T 1845 (1) writer Al reader FIAN41.
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EETE
AIRME G R ap 4, it pip 22395 %% PyCSP :
pip install python-csp

Ak, 1A )\ GitHub (https://github.com/futurecore/python-csp) [ #% 5 2 K ATH -

TGN LR H R FRA LT a4
python setup.py install

FE R EI, FATEEH Python 2.7,

SLIRSRE
FEF =AM T, BATEANH—F PyCSP HIEEAME &, SERAEAEIE. KHit, ®ITEXT
%N counter fl printer fPANEERE, BULE %Eﬁﬁﬂﬁ%)&ﬁﬂﬁ’l‘i&ﬁ?_fﬂ HIiEfE

R LMY -

from pycsp.parallel import *

@process
def processCounter (cout, limit):
for i in xrange (limit):
cout (1)
poison (cout)

@process
def processPrinter(cin):
while True:
print cin(),

A = Channel ('A")

Parallel (
processCounter (A.writer (), limit=5),
processPrinter (A.reader ())

)

shutdown ()

W FARPAT LI AARAY, BT LAYE Python 2.7 HH7 I IDLE RN HH4% Nigirigdl. 2 F&
HIURLU R A% -

Python 2.7.9 (default, Dec 10 2014, 12:28:03) [MSC v.1500 64 bit (AMD64)]
on win32
Type "copyright", "credits" or "license()" for more information.
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>>> RESTART
>>>

0123 4

>>>

B{xsci]

TESEBIH, FRAMEF T 2 XAE pycsp.parallel FEBH I pR %Y -

from pycsp.parallel import *

AP — /\AnyZAny TERA, SR AR (RIS TE R o) S8 I e AT 815 .
AT AR i ) B

A = Channel('A")

IXASHTEIE H L8 7E 4 70 1) Python R gs . X THANS AT pycsp.parallel #itf)
Python ffEReds, H o i AP Python ﬁﬁﬁ%&ﬂiﬂ)ﬂzbﬁﬁﬁﬁﬁﬁaﬁmmﬁm A, ZeEHIE
WA NIEERM T H LRSS 2. Bk, R EEE S —AMTEEIE, fRU%AUE IR
(A=

Blhn, WEEERAYLL T 8888 FHIEIE B, IATMIANLL /LY .

A = pycsp.Channel ('B', connect=('localhost', 8888))

PyCSP HA =i B 18 ) HE A 772

» channel.Disconnect () : fa¥FiB i Python fERESE . HRAEIEAK i - RS2 E 2,
Hp B P imfE W R IR SR R G, Wit 5 k55 S 1ER .

» channel.reader () : f@ IR [FJHE ) reader i

» channel.writer () : QIR [IEIHE 1) writer ¥ .

TAMER eprocess Hifige Fm —ANBEFE. £ PyCSP /1, B4R CSP i#EFE 2 DL A
OS ML AL . ERXMI T, HMWAEEFE  counter fl printer, counter HFEH M
A : cout AT IR, Linit 5k CEATERYTIYL
@process
def processCounter (cout, limit):

for i in xrange(limit):

cout (1)
poison (cout)

poison ) poison (count) E WK B IE 11X —Imi5 44 1 . H_%‘JEEUE Z G A iX AN 18
T8 RS S E R — N AT DU T 45 R 2 n i AR el b E i i e R . R, R
FIEZA IR, XA Rea TR S % (race condition).
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printer HEFE A A — NS4, BIEATEIRI, € XN cin 486 »

@process
def processPrinter (cin):
while True:
print cin(),

XA A R O N THIXATAD -

A = Channel ('A")
BE X T AEE, RV TS
)5, Parallel iBHJUITNFIR :

Parallel (
processCounter (A.writer (), limit=5),
processPrinter (A.reader ())

X R AR, RETE counter Al process HEFELE TRAH .2 [AIFIEEN 4 SBHIE. X
AR T CSP B— M EEAEA - JRfT it AR dE i R A A EIER D VO R FEE . —Fhscsl Ty
552 HAE counter BEFERINUER U719 printer HEFEHTH . printer HEFERIRUE & IFHCK B counter
RN, A VAT VO #HE. WRZFHE —ANARAL, COGF e PR N &
FAF, B3R — AR A%

A~ PyCSP B 2 — MRS A 2efE, M T &l @EE A RpaE. Wik, 0%
TEZE W PyCSP N H i A shutdown () 5% -

shutdown ()
PyCSP #24L [ P/~ nl DUE BRI AT I FE I 7V

» Tracelnit (<filename>, stdout=<True | False>) : FHTIFBIBEE LR,
» TraceQuit () : T /5 IEIBEETIE,

WA LA T3 A R AN T3

from pycsp.common.trace import *

TracelInit ("trace.log")

{TSIBER R
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TraceQuit ()
shutdown ()

TATC LML 7 XZR BB ERIC R (1imit 2455 3) »

{'chan_name': 'A', 'type': 'Channel'}

{'chan _name': 'A', 'type': 'ChannelEndWrite'}

{'chan _name': 'A', 'type': 'ChannelEndRead'}

{'processes': [{'func_name': 'processCounter',6 'process_id':

'9¢cb4b3720ed111e5bb4c0024813d643d.processCounter

'processPrinter', 'process_id': '9cb63a0f0edl111e5993a0024813d643d.
processPrinter'}], 'process_id': '9c42428f0edl11e59bal0024813d643d.

INIT ', 'type': 'BlockOnParallel'}
{'func_name': 'processCounter',K 'process_id':
'9¢cb4b3720ed111e5bb4c0024813d643d.processCounter
'StartProcess'}

{'func_name': 'processPrinter',6 'process_id':
'9cb63a0£f0ed111e5993a0024813d643d.processPrinter
'StartProcess'}

{'process_id': '9cb4b3720edl11le5bb4c0024813d643d
name': 'A', 'type': 'BlockOnWrite',6 'id': 0}

{'process_id': '9cb63a0f0edl11e5993a0024813d643d.

name': 'A', 'type': 'BlockOnRead', 'id': 0}

{'process_id': '9cb63a0f0ed111e5993a0024813d643d.

name': 'A', 'type': 'DoneRead', 'id': 0}

{'process_id': '9cb4b3720edl11le5bb4c0024813d643d.

name': 'A', 'type': 'DoneWrite',6 'id': 0}

{'process_id': '9cb4b3720ed111e5bb4c0024813d643d.

name': 'A', 'type': 'BlockOnWrite',6 'id': 1}

{'process_id': '9cb63a0f0ed111e5993a0024813d643d.

name': 'A', 'type': 'BlockOnRead',6 'id': 1}

{'process_id': '9cb63a0f0edl11e5993a0024813d643d.

name': 'A', 'type': 'DoneRead',6 'id': 1}

{'process_id': '9cb4b3720edl11le5bb4c0024813d643d.

name': 'A', 'type': 'DoneWrite', 'id': 1}

{'process_id': '9cb4b3720edl1le5bb4c0024813d643d.

name': 'A', 'type': 'BlockOnWrite',6K 'id': 2}

{'process_id': '9cb63a0f0ed111e5993a0024813d643d.

name': 'A', 'type': 'BlockOnRead',6 'id': 2}

{'process_id': '9cb63a0f0ed111e5993a0024813d643d.

name': 'A', 'type': 'DoneRead',6 'id': 2}
{'process_id': '9cb4b3720ed111e5bb4c0024813d643d.
name': 'A', 'type': 'DoneWrite',6 'id': 2}
{'process_id': '9cb4b3720edl1lle5bb4c0024813d643d.
name': 'A', 'type': 'Poison',6 'id': 3}
{'func_name': 'processCounter',K 'process_id':

166

'}, {'func_name':

', 'type':

', 'type':

.processCounter'
processPrinter'
processPrinter'
processCounter'
processCounter'
processPrinter'
processPrinter'
processCounter'
processCounter'
processPrinter'
processPrinter'
processCounter'

processCounter'

14

14

’

’

14

14

14

14

’

’

14

14

14

'chan_
'chan_
'chan_
'chan_
'chan_
'chan_
'chan_
'chan_
'chan_
'chan_
'chan_
'chan_

'chan_
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'9¢cb4b3720ed111e5bb4c0024813d643d.processCounter', 'type': 'QuitProcess'}
{'process_id': '9cb63a0f0edl11e5993a0024813d643d.processPrinter', 'chan_
name': 'A', 'type': 'BlockOnRead',6 'id': 3}

{'func_name': 'processPrinter',K 'process_id':
'9cb63a0£f0ed111e5993a0024813d643d.processPrinter', 'type': 'QuitProcess'}
{'process_id': '9cb63a0f0ed111e5993a0024813d643d.processPrinter', 'chan_
name': 'A', 'type': 'Poison', 'id': 3}

{'processes': [{'func_name': 'processCounter',6 'process_id':
'9cb4b3720ed111e5bb4c0024813d643d.processCounter'}, {'func_name':
'processPrinter', 'process_id': '9cb63a0f0ed111e5993a0024813d643d.
processPrinter'}], 'process_id': '9c42428f0edl11e59bal0024813d643d.___
INIT ', 'type': 'DoneParallel'}

{'type': 'TraceQuit'}

LR =

CSP & —FiH TR I R AR R T ES . B T ffermneniows, e
% Calgebra process). 7ESZEH, CSP #HE—FAEBE T, HHTRIEZF RSN
GrfptE. 52 CSP HW G KM Ym S MIMFEIE T Occam BLEHE ] 2 FIEI R WFEIE S -

Wiy CSP B AR K DG, # BH 13 Hoare M JE 45, WM http://www.
usingcsp.com/cspbook.pdf N,

£Discor{#H MapReduce

Disco f&—/ 3 T2 i i ) MapReduce HEZE[Y) Python #idk, SZRFFETHETHLAEREH
KB A7 s, W NEIFR. {8 Disco 4wS N v IAEL B AN BN igfT, 2%
AMEAERE R, HL b, 50U EORAE s, ant T AR B DAAGEAS T
Al 5E4x i Disco #HTHEHE, A RE .

PZRE Y N W B

> Web % 5|

» URL Vil

» AT
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Map

Instance

#1
Input 1~ _ Reduce Output
Data |\ Instance Data

Map
Instance
#N

MapReduce /5%

Disco HSZHIL) MapReduce 5240 K frzs

» Map : £ s (master node) #EZHINEE, B HIF NENRITAES, R TIE
93K 4 slave T3 Rle BN map 19 RUAE R map () BRI FRIZE R, DL [key, value] X
TWRAEMEE— N AR XD RIRIG, 97 s IR %SO L

» Reduce : £ RS R, I [key, value] XfHIb=FE —/MEERESE I,
RGBT HEY (FRHBRFEH 7 HE . [key, IteratorList(value, val-
ue, ...) ] X B B A 3 45 12 4T A 2 B 3L reduce () [T A

AN, AEREAESCAT T i A R R T AR D) map A reduce SRR AR KL, AR
# % > MapReduce L1EHH 7/ —iE.
HEETIF

[ Disco fRH ] 7F https://github.com/ Discoproject/Disco F#. ]

PR EAF FH Linux/UNIX R4 HE 223 Discoo

PAF e 232 i s (A IRSS 2 B35 an i) -

> SSH SF4 2 7 A% 7 i o

» Erlang/OTP R14A B B hAS o

» Python 2.6.6 B{ 5 mhftA, Python 3.2 B ShRA .

e, HA LU AUS RN 2% Disco
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git clone git://github.com/Discoproject/Disco.git $Disco_ HOME
cd $Disco_HOME

make

cd 1lib && python setup.py install --user && cd ..

bin/Disco nodaemon

T4 7E Disco SEREMFTAIRS Beri B KA G . R — s aess, WAUs
T

ssh-keygen -N '' -f ~/.ssh/id dsa
RIEH N LN ARED

cat ~/.ssh/id dsa.pub >> ~/.ssh/authorized keys

AE, IR RAE SR A BT E IR S %, L6 — RN &R 5, UG RN i
N AEI E S
% Disco 2L/ A Hi, {5253 http://Disco.readthedocs.org/en/
/> latest/intro.html,

TEFE FRAIREIF, BEATEIE—E Linux L85 LR Python 2.7 K47 HR .

B{RsC
FEASRI, BATHE R Disco MUK Y — 3 WL MapReduce i, 45 —BOCA,
YE ST R ) TR CH

from Disco.core import Job, result iterator

def map(line, params):
import string
for word in line.split():
strippedWord = word.translate\
(string.maketrans("", ""), string.punctuation)
yield strippedWord, 1

def reduce (iter, params) :
from Disco.util import kvgroup
for word, counts in kvgroup (sorted(iter)):
yield word, sum(counts)

if name == "' main ':
job = Job () .run (input="There are known knowns.\
These are things we know that we know.\
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There are known unknowns. \

That is to say,\

there are things that \

we know we do not know.\

But there are also unknown unknowns.\

There are things \

we do not know we do not know",
map=map,
reduce=reduce)

sort in numerical order =\

open ('SortNumerical.txt', 'w')
sort in alpbabetically order = \
open ('SortAlphabetical.txt', 'w')

wordCount = []
for word, count in \
result iterator(job.wait (show=True)) :
sort in alpbabetically order.write('$s \t %d\n' %
(str (word), int (count)))
wordCount.append ( (word, count))

sortedWordCount = sorted(wordCount,
key=lambda count: count[1l],
reverse=True)

for word, count in sortedWordCount:
sort in numerical order.write('$s \t %d\n'’
% (str(word), int (count)))

sort in alpbabetically order.close()
sort _in numerical order.close ()

BATZMALZ G, SRR, O TRP IR HNE,

Sortnumerical.txt SortAlphabetical.txt

6 are also 1
6 know are 6
6 we but 1
5 there do 3
3 do is 1
3 not know 6
3 that known 2
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gk

Sortnumerical.txt SortAlphabetical.txt

3 things knowns 1
2 known not 3
2 unknowns say 1
1 also to 1
1 but that 3
1 is there 5
1 knowns these 1
1 say things 3
1 to unknown 1
1 these unknowns 2
1 unknown we 6

SCOIFSHE

%W A% L map Al reduce B%. Disco H'f#) map B A IS4, line R E M
f) e AN, BB ATE E params S

XH, FATKEA)FAES—AREA R, AR ST, I B iAo G
FA
def map(line, params):

import string

for word in line.split():

strippedWord = word.translate\

(string.maketrans("",""), string.punctuation)
yield strippedWord, 1

K — 4T SCARAT map BRI Z5 R 2 — RAIudH, A NEAEXS. #lU, There are known
knowns XA FH4 IR B4 R TR 45 R
[ ("There", 1), ("are", 1), ("known", 1), ("knowns",1)]

104¥, MapReduce HEHEL T #AE I EHE AR OK, L EHLE BF W NAFERIEZ,
I map B HUR S [ yield SREE KL Disco LS IR B 7 sUE B4R . reduce %%
NS iter FRMZ AIES R AT RRBAFN R E I LK), 177 map ok 2 H A ) params

{81 F Python BRIECK AN PIE AN Gk B BRI P 3EA T HET -

def reduce (iter, params):
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from Disco.util import kvgroup
for word, counts in kvgroup (sorted(iter)):
yield word, sum(counts)

PAVFEHELT 7 19512 B Disco H ) kvgroup s, AR UK S R IHAE —ifE. B
J&, i@ Python PRI sum 15 SCA H AEAN B 3R] ) HY IR
FERAS I E 237y, FAER] Disco ) Job pRHCKINAT mapReduce pR#Y
job = Job () .run (input="There are known knowns.\
These are things we know that we know.\
There are known unknowns. \
That is to say,\
there are things that \
we know we do not know.\
But there are also unknown unknowns.\
There are things \
we do not know we do not know",
map=map,
reduce=reduce)

B, K g RAEIEC T NP R AT HE R, AT ENBIP AN SR
sort in numerical order = open ('SortNumerical.txt', 'w')

sort in alpbabetically order = open ('SortAlphabetical.txt', 'w')

AIRY
Disco & — MR BEAMHES, HAVFZRRENAE. (RA TR 22T 5 410
{[\ 7]

M.

[ WAESERE TR, 1A http://Discoproject.org/, ]

£ RPyC ABizizdiz

Remote Python Call (RPyC) &/ Tz #2173 A 20T HEH) Python #8t. RPC
FERE L2, SRARERIBUN— T (B B — MR JRS&) rbLH, &
AT A L7 R 72 (subroutine) MY FHRLER, 41F EIFR. XMONEREFLAE T, &
(TE SORITE AR i, T B b R s B0 . AR R RE R, 2% omdt R g i, B3|
2% 2R EREIAT S L ZE R THERL, JFIR BRI R . IR A R, RBEIAE S i - RS
Al AE L R T AT, AR WA=, R i 0 2% R AR TRAE B FR A stub ()
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AHEFE S, T HC AT REEGE R, AN R B ERAE . RPyC I EZRFELTT -
> EIRZEUNE L, RN ] TEVE S A AR A
> FEESGEUINE b, mRE AR AR SRR A
> SCRFFPE MRS IELE.
> RRRIEAE PR SCE R B i A IR 55 2 20 R AR 551 5K

AR WRESF

el sis
TG

| e R
Coo 2 mEmE
maEids |- = - " " Dm0
Il 42 9% 5, | 5%

|

| i

ZiRERARRR

EETE
i pip 24eds, ORARRARFE S AT HMAL TS
pip install rpyc

R AT LLRT4E https://github.com/tomerfiliba/rpyc FE5EEEHIfL (. zip XM &,
ML H RIS 70 a2 BIA] 223 rpyc : Python setup.py.

GRS IT, R UL BAT IR R A R . ARG, ER —ahLEs (B4
Hh localhost) HIZATE U AR SS 4 o (EH rpyc IBAT MRS ARAR M 52 : A fE roye W HSFHH ../
rpyc-master/bin H3, JRFHAT rpyc classic.py XA :

=173|—
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C:\ Python CookBook\ Chapter 5- Distributed Python\rpyc-master\bin>python
rpyc_classic.py

BATZHARE, SMaSITERN T HBER -
INFO:SLAVE/18812:server started on [0.0.0.0]:18812

BRsL
FATBUAE T LIPS — M, o] 3 P R ARG stdout -

import rpyc

import sys

c = rpyc.classic.connect ("localhost")
c.execute ("print ('hi python cookbook')")
c.modules.sys.stdout = sys.stdout
c.execute ("print ('hi here')")

BATZINA G, SAEIRSS % i 214 5 5E 1] 1% Y
C:\Python CookBook\Chapter 5- Distributed Python\rpyc-master\bin>python
rpyc_classic.py
INFO:SLAVE/18812:server started on [0.0.0.0]:18812
INFO:SLAVE/18812:accepted 127.0.0.1:6279
INFO:SLAVE/18812:welcome [127.0.0.1]:6279
hi python cookbook

SCOIFSHE
BB RIBAT DR RS AR b
import rpyc

c = rpyc.classic.connect ("localhost")

X H, & PupiES) rpyc.classic.connect (host, port) exf@d—AN 545w VLA T
BRTER. BT E LT ERN N M. roye (I ERT 5 A RE AT T AN FIHLAS b R oAb R
Fr ATz .

BTk, RUNiEa) -

c.execute ("print ('hi python cookbook')")

PR SS & EPATATENE ) (—MZRE exec T55)).
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AEFERNA :

f#i Fil PyCUDA #hitk

WAl i g — 4~ PyCUDA

T AR RV EHL R PyCUDA 717
i F GPUArray W A #%

fdF PyCUDA *}iZ& 7t 3= ik =R 1E
i1 PyCUDA #17 MapReduce #1f
{# ] NumbaPro #17 GPU ZWf%

JE3E NumbaPro ff | GPU ik i) 2
i F PyOpenCL ¥ttt

il ¥4 & — 4~ PyOpenCL R H

i PyOpenCL %1%t 2 R ik 2SR
18 [ PyOpenCL it GPU [ i

v v v v v v v v v v v v

8

B 5 4L 32 % (graphics processing unit, fijFK GPU) A& —/NE& [ TH T Ab ¥ &4 L £ 14
JEEAAE (polygonal primitives) Vi 4% IR oL 7~ 2Bt . /A R bt FRE B BIE 1, H
GPU — EEANWIEEAS, AR E A, BRI R, A 2 S8 I VE Je A B 2R 08 4L 75 oK
A A SOt AT R R . GPU R (2 B & s IR T ), Rt e e DA s R0 77 x4k
PRI . X Rt 5 B PUR IR T, ST s &1 — i, iRRER
TFHRE GPU, FBHH TRREREE M A HE . 44 GPU 2 IR & i, B4
TEGYE TE A AR o X IR 7 ERAE P o, A AT A P AN R RS i R0 v o R v
Fe B, JERIFRH T — R GPU, (EH#A IR ERNIFAT RO ET R, w1
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# €% (shader) XfHImfE, SCIMEITEIEY. XS THE LB S FIE R AT b B 1 oKt
Z—. HTHIT KETRENZS, GPU AT K H T HATREMBE. &1 GPU
HHZAFR AKX S AP E (Streaming Multiprocessor, [#FK SM) FIALHE G, IXEe4b
HPTTARE TITHE —MEHE  mH, 84 SM a5 B HF N2 #1), GPU 42
R E R o

Thread Execution Control Unit

v v ! v
SM | SM SM | SM SM | SM
SM | SM SM | SM SM | SM
SM = SM SM = SM SM | SM
SP SP SP
SM = SM SM = SM SM | SM
SP SP SP
SM = SM SM = SM SM | SM
SP SP SP
Special Special Q00O Special
Function Unit Function Unit Function Unit
Local Local Local
Memory Memory Memory

Device Memory

GPU %244

A SM 5 — 4R X4 % (Stream Processor, {#FK SP), BN ALH 2R AL H 44—
HIEMPATIZ O, TR HLE T — AN R . SP BPUT B P IR/ son, R T E4iki
HATHZ K. SM AT SP (X M FEA 5T LRSS AL HT, AL Lt — B2 8t GPU v SP )32
AL, XUe SP REERIRX A, XL X AR = —FhpE s AT, R —4 SP 1)
A &0 R B AT A R 38 4o X2 RATEAR TS 1| Jh A AL £ 454 % 4% ( Single
instruction, multiple data, f#FK SIMD) &=,

B~ SM HA —LLaFf7dR (register), AFAF#R A& P LAPROE DT in) B A7 X 38, X B IX 4802 I
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WY, RBeAtivrn CREZ G2 BIGEIL D, 1 HR/NE RS B DU T2 A0
R RME. BB EZ@E A (general-purpose computing on graphics processing units,
& FX GP-GPU) XU E ) T WA A GPU i RE /) P HAT I T R HOR, X3
T GPU WHEERIIF1T4. WRTATAR, GPU ML S5 # A IR KX A s Fik, e
FEI o) A0 5 AN ], R SR E R 4T o PRI A 2 85 3 R L )R M A R A A K B mT
AL ERAZ O, W LMBAT VR 2 A0 B3R 4 (AT 20 RE, X SR 2R 31 20 [A) 20 S AT A [R] PR 4 A
U A SR AR BOVE 22 /NER 73, BT AN R OB AT A R R A, AR s 120 ) Hos 3
FASG, QR ERAE AR 1 A A FZ Y, sRARAME R 2 R X — 284 . GPU i S I w2t
PR A AL (Stream Processing), PR EHE ol ARG B AVE— AN 80 i B 4L somim, 781X
AN _ERIEAT 7 E R A

AT, RN ERA AU A GPU THELRE ) IR TT S AT E CUDA M OpenCL. 1E# T
RIRGIF, FA TR X LA EEAE Python w215 & RS

{5 PyCUDA 1&E1R

PyCUDA & NVIDIA F &[] GPU 4af24k 4% CUDA (Compute Unified Device Architecture)
£ Python F1 /{33, CUDA JufR 82 B A% IE# {8 F§ PyCUDA 1T GPU ZmfE ik . an A8
MENEFEAIZ TR, JF BT ORIMREI A B N E, D05 BRI A2 — L

NErmp et R

CUDA 11 “IRE” Jmfefi B2t 2 MFE I C 15 S bt EY R SZIL, PyCUDA M4
REHTRE, ety e, 15k R C AR R BOR A . XFE, FRATE a8 LUAH
xof 1oy B 7 04 P AL EAL (host) A% (device) fRAGAVE A AR, NVCC J % 235t
KA BRI ATE B, UN 2% 32 TR R B0 147 2R

1. K Ris S EVARE 5.

2. PAHBOAGRBER (B, GCC) FmikFHAR.,

3. LAkl (Cubin X500 SIS (PTX ARRD) Mk d s &0 .

4. A ENLEE “global”?, HAHAE PTX AU,

% VPEJ5 1) CUDA AXADRE FE I AT I 9K B 28 5 O s T 10 & 1) i S0k . BT 20
Fir 0 R & PyCUDA 7RIS T 5E i), R E A& — /Bt (ust-in-time, f&FK JIT)
BEAY o 1X— 7 UM Bl s B BRI ] 2380, BRI e —fR¥E ] “R/T” SR, R
A DATE SR B AN AEAE B % B HATIZ . FTLA, JIT 4mikn] ALk S A 588 T 5 & it 5 eE
NERZ FIARRE &I, B EIEA G AE AR —#EH4CS. PyCUDA H#AT B A a0~ &
Fi7R o
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1
' Kernel Invocation

PyCUDA

PyCUDA HUTHR=R

Niz5XZER

CUDA FEFEH— N EE LR EH A4 (kerneDo EAVET DIHATHAT RIS, FLIEREHT
W UL DR AR RS JE 280 Ui . BRI BAT I B fE & 42 (thread) HITHHHIGER. 5 CPU
HILTEARR, GPU &fEE IR, LMY SmanvEae, Koy n] DL
B SERI . T HEIBIT — AN WA R AR S @ 2, CUDA & X T — 124
o fEfm—EH, X T HHEI XM (grid of blocks). XASMIEACFEK T L FE X HLAT£E 1)
THEgE R, XSS X 4R, R EEW IR

GRID 1

Thread 1 Thread 2 Thread 1 Thread 2
Thread 3 Thread 4 Thread 3 Thread 4

Thread 1 Thread 2 Thread 1 Thread 2
Thread 3 Thread 4 Thread 3 Thread 4

PyCUDA ZE&i# (Z4) ZIZMHTH
BT X451, WIZREBBOHHE, DAURMERSNI S, RAERTE E AR FI X ERR N
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EETE

fEY4E L BV http://wiki.tiker.net/PyCuda/Installation H, fith¢ 7 1F F B AE
4 (Linux. Mac fl Windows) %% PyCUDA 134D TR .

WX PR, JRAT LA Python 2.7 KAT R — A 32 fiLff) PyCUDA .

1.

5 1B T #HI %% NVIDIA $2 4t T CUDA FF R A 4t (=% https://de-
veloper.nvidia.com/cuda-toolkit-archive HHINB), £ &N HLH A,
AR XL AR B

0 CUDA 1I. H ) : http://developer.download.nvidia.com/compute/cuda/4 2/
rel/toolkit/cudatoolkit 4.2.9 win 32.msi,

O NVIDIA GPU it % SDK : http://developer.download.nvidia.com/compute/cuda/
4 2/rel/sdk/gpucomputingsdk 4.2.9 win 32.exe,

O NVIDIA CUDA JF & IKzh#% : http://developer.download.nvidia.com/compute/
cuda/4 2/rel/drivers/devdriver 4.2 winvista-win7 32 301.32 general.
exe,

N #IF L% NumPy (EFX} 32 437 Python 2.7 [FRAS) AT Visual Studio C++ 2008 Express(ict

£, BRESHRAELE).

F1 £ - /Python27/1ib/distutils/ ] 3L fF msvcIcompiler.py. fE 5 64 47 (1d_
args.append ('/IMPLIB:' + implib file)) ZJ&, M. LE—47HCiY : 1d args.ap-
pend (' /MANIFEST'),

M https://pypi.python.org/pypi/pycuda [#;, PyCUDA.

FTIF Visual Studio 2008 My A HE/RFF « Hidr “TFUR”, R “Fr T | Microsoft Visual
Studio 2008 | Visual Studio Tools | Visual Studio Command Prompt (2008)”, #X)51% UL K5
BRIFATHRAE
(1) #EA pyCuda H3,
(2) 4T python configure.py 4.
(3) AR siteconf.py :

BOOST INC DIR = []

BOOST LIB DIR = []

BOOST COMPILER ='gcc43'

USE_SHIPPED BOOST = True

BOOST_ PYTHON LIBNAME = ['boost python']

BOOST THREAD LIBNAME = ['boost thread']

CUDA_TRACE = False

CUDA ROOT ='C:\\Program Files\\NVIDIA GPU Computing\\Toolkit\\
CUDAN\vV4.2'
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CUDA ENABLE GL

CUDA_ ENABLE CURAND

CUDADRV LIB DIR
CUDADRV LIBNAME
CUDART LIB DIR
CUDART LIBNAME
CURAND LIB DIR
CURAND LIBNAME
CXXFLAGS
LDFLAGS =

False

True

= [

cuda']

'${CUDA ROOT}/lib/Win32"'

[
['cudart']
[

'${CUDA ROOT}/lib/Win32"'

["curand']

'/EHsc']
['"/FORCE']

6. #Jo, 7 Visual Studio 2008 #5224

RPN L R 4,

python setup.py build
python setup.py install

['"S{CUDA ROOT}/1lib/Win32"]

]

]

iy

‘%% PyCUDA :

Aot B @ s Toolkit rchive +

avitia com

ANVIDIA CUDA ZONE

Latest Release
[March 2015)

Archived Releases

[August
[r\pr\ }Hm]
()

2014)

(0ct 2012)
4.7 |April 2012)
(Jan 2012)
Wu“dl\

[March 201()
(Sept 2009)

ers can be found using
for

|M‘
"“E +h 4000 =

QUICKLINKS

GPU Computing v

Q NVIDIA

& $150,000

B{xsc]

N REIA AR 52 %E PyCUDA =&

BRIFFEEE

import pycuda.driver as drv
drv.init ()
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Q

print "%d device(s) found." % drv.Device.count ()
for ordinal in range(drv.Device.count()):
dev = drv.Device (ordinal)

o

print "Device #%d: %$s" % (ordinal, dev.name ())
print "Compute Capability: %d.%d" % dev.compute capability ()
print "Total Memory: %s KB" % (dev.total memory()//(1024))

AT EARRISZ 5, NAZesF BN w4

C:\ Python CookBook\ Chapter 6 - GPU Programming with Python\Chapter 6 -

codes>python PyCudalnstallation.py
1 device(s) found.
Device #0: GeForce GT 240

Compute Capability: 1.2

Total Memory: 1048576 KB

SLAURSRE
A TR . BRI, SIS T pycuda.driver ;

import pycuda.driver as drv
drv.init ()

pycuda.driver B | CUDA [3Kz) & Z4nfE M, X CUDA CIEE I “BiTh =
e VN R, T HARA IS AT I AR () — 2ok

SRJG, FEFIE )] drv.Device.count () K, SR —H GPU &+, #tiTE1E K& FAM
EERHE GHHERED S AT

o)

print "Device #%d: %s" % (ordinal, dev.name())

print "Compute Capability: %d.%d" % dev.compute capability()
print "Total Memory: %s KB" % (dev.total memory()//(1024)

AT R

» PyCUDA H Andreas Klockner (http://mathema.tician.de/aboutme/) Jf k. HH £
4 5% PyCUDA [fJ{f§ 8., A]Z% http://documen.tician.de/pycuda/,

an{altaE—1 PyCUDA RF

PyCUDA %@ K T fe A 7E CPU 1 GPU _EHATHR 7 i B it i1, L 4R 40 12
CPU E#AT, TERESTIRIIEUE THEHS 2 WITE GPU AT ARV HAT IR BU27E CPU (&
L ESCEASAT I, ﬁﬁua‘ﬁﬂﬁfﬁ&ﬁ%ﬁ%mﬂ%f GPU (s ESRBUIFHATI. Rk
EIFATIRAT 1A BR BRI O P A% o A B ST AT B S AL D BRI B, s R R B s
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1. 1 BRIERS LB HAT.
2. G, FEWHIENENAN R RRR LI N AT .
3. ENOR, |EBITRA
(1) BITRERT.
(2) HHANZERE
4. G, TERKRG RSN FHNAFF .
5. WJa, BEBOE& LT mAT.

CPU e AT > CPURNTF
HBNF HBNT
F|GPU F[CPU
GPU P>
v GPUNTF
PyCUDA 4RI2HE=

B{RCI

N T U 2E PyCUDA TAE, FRATRE—A 5XS MEENEEE, IS UL BIRIEAT
e,

1. 1E CPU LB —4> 5X5 H%4l.

2. HEHFE] GPU,

3. 7E GPU ™ X EAHAT —MEAE CRE A I — )

4. ¥E A GPU #%£%] CPU.

5. 4TENSZE R,
R ARD LI TR

import pycuda.driver as cuda
import pycuda.autoinit
from pycuda.compiler import SourceModule

import numpy

a
a

numpy.random.randn (5, 5)
a.astype (numpy.float32)
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a gpu = cuda.mem alloc(a.nbytes)
cuda.memcpy htod(a_gpu, a)

mod = SourceModule (" ""
~_global  void doubleMatrix (float *a)
{
int idx = threadIdx.x + threadIdx.y*4;
alidx] *= 2;
}
"t
func = mod.get function ("doubleMatrix")

func(a gpu, block=(5, 5, 1))

a doubled = numpy.empty like (a)
cuda.memcpy dtoh(a doubled, a gpu)

print ("ORIGINAL MATRIX")

print a

print ("DOUBLED MATRIX AFTER PyCUDA EXECUTION")
print a doubled

ERATNETHRINAE S Ve ibIE

C:\Python CookBook\Chapter 6
PyCudaWorkflow. py
ORIGINAL MATRIX

[[-0.59975582 1.93627465 0.65337795 0.13205571
[ 0.01441949 1.40946579 0.5343408 -0.46614054
[-0.06868593 1.21149373 -0.6035406 -1.29117763
[ 0.36176383 -1.443097 1.21592784 -1.04906416
[-0.06960868 -1.44647694 -1.22041082 1.17092752

DOUBLED MATRIX AFTER PyCUDA EXECUTION

[[-1.19951165 3.8725493 1.3067559 0.26411143
[ 0.02883899 2.81893158 1.0686816 -0.93228108
[-0.13737187 2.42298746 -1.2070812 -2.58235526
[ 0.72352767 -1.443097 1.21592784 -1.04906416
[-0.06960868 -1.44647694 -1.22041082 1.17092752

SLBURSHE

ERARS LR BT S ATEA]

import pycuda.driver as cuda

import pycuda.autoinit
from pycuda.compiler import SourceModule

import pycuda.autoinit ifa) HENRYE GPU W HITE A L FE A1) GPU. Xk

-0.
-0.
0.
-1.
0.

-0.
-0.
0.
-1.
0.
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- GPU Programming with Python\ >python

46468592]
31727529]
47762445]
18935871]
3686313 ]]

92937183]
63455057]
95524889]
18935871]
3686313 ]]
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B ANER T RIRISZAT TR GPU L. WRFE, &P rg&malgn LR
P M pycuda.autoinit i, FEALETT S ARIFRIR, T SourceModule ZH A4 NI & —AN b2
%n'5 GPU P iR C ARREHIXS B2

FB RN SXS BNFERE. BT R GPU A RO S I 2 4e, DRt
WA numpy AR «

import numpy
a = numpy.random.randn (5, 5)

SRJE, FERE R IR O BRI, VR NVIDIA R A SCRF A

a = a.astype (numpy.float32)

S GPU T ifi 58 L) 28 — MR AE 2 AN AL AR (CCPUD H g N A3 2 B & (GPUD.
i B, DO RERE— IR e B, BAERAPER, 735 H PyCUDA $E 4L (1 75 /> bR H S -
» W ERWAE S BLE L cuda.mem alloc 58, TEPAT KA LIS, W& R ENLHNATE
AREHATIEG . REWE, EAERS EIFTEIT R, MR L A C A fEE
TR WA AR ERE NN A 1 258 NAE 2T, 2o Bl 25 B /s N A7

a gpu = cuda.mem alloc(a.nbytes),

> GERDUTEREL R RE N ERL AR B ] E e A AR

cuda.memcpy htod(a gpu, a).

WEVER, a gpus—4E), fERE& FIRNTTEZEHR A — 403 . Pra X SR ERA
BRI N, BT SE H B 5. SourceModule SEARF T8 X A% BB CRABLC %0
doubleMatrix, 1ZEAECKEENEAHTTELL 2
mod = SourceModule (" ""

__global  void doubleMatrix (float *a)
{

int idx
alidx] *

threadIdx.x + threadIdx.y*4;
2;
}
" " ")
__global [REFFF N, doubleMatrix pREUKTER % LT, R CUDA H 11 NVCC
YA PATIZAT S
TARE G B F 44

int idx = threadIldx.x + threadIdx.y*4;

idx Z2EORM RG], LM ALPR threadldx. x il threadIdx.y £, W FER. AR5,
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25|y idx HERE TR 2 -

alidx] *= 2;

EE, ZHAZRECHAE 16 DA FERZEE T 75 5 AT — K. threadldx.x fll threadldx.y
EHANEREASM 0 B 3 WERG], BNEEPXNBREAR. LERES GPU 2L KN
HIFRMEEEM L, —ANEEXRSPIRIRE —MAKX S LEE (SM), RJGIXEL TR —
RN NBERRAE warp FIZRFEH, HK/NEH GPU IZERI U E o [R]— 2R FE2H P (2R FE ] — N U A
warp W JE A G R ICE R, N T RAFH SM AR 1FF kM, [E—4 N 1R A AT A
[F T4 MR Z&M, BB T BB MZFE 7380 (divergence of threads). 1% [F—2H
W IR FEPAT A A I FE 2, 3 51 B e B BTG 1) warp. B 20 LAZR A A O B AN R AR (B
LAERFERPTHE) PAT—FRIIEL . 5 N RIAVE B LA X B4 53 A [F 1) warp,
LR SR WS threadTIdx ATV 1.

threadIdx ZEHIARE & =B ; threadldx.x, threadIdx.y fil threadIdx.z,

oo ]

IEXRRIS : T(xy), HF x =threadldx.x, y = threadldx.y

BRMER, NEREF RG-S CUDA 4% %% NVCC HEhdm k. EEa B, &
SO0 TE S F R B 4B % . SEBR |, mod.get function ("doubleMatrix™) iR [AIF 1] bR %L
func FIFRIRFF -

func = mod.get function ("doubleMatrix")

BAEwA EPAT R, DAV IEMERTE R . XEWE R ESEH T X & T
AR X BRI L AR AL bR . T LU func s 45008 F ¥ block Z4SEIL
func(a gpu, block = (5, 5, 1))
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fE B R AR, AT 2 AL A A AN BB a_gpu M DNERFEIX R PUT WAL R AL, RFE
XIRTE x T IA S ANEAR, vy A 5 AL, z FE 1 AL XFE MR R THZ Y]
MR 7 EIAT LIS . W TAREAT 5 2RI TR, X FIA GPU
TR TR b B2 . B WIS G, BT LU A s, IFE & EIFAT
PATHEA T o BADLREDIT MR AL .

f£ GPU Wit 5ogte, BAMEH — MR RAF SR -

a doubled = numpy.empty like (a)
cuda.memcpy dtoh(a doubled, a gpu)

A BRI AITENZE R

print a
print a doubled

AR =

—A warp —XRPAT —MEHTE L. B, BRI S XM S5 IR, il
[ — AR PAT IR . WERIBE RN Z B BIBIT 2 NEEXR, SBEEXIS REA
warp, FFHH warp U 25 >R St 1 B

BT IR FIRRE PyCUDA ATFIEE

N T KRR EE LR T 508, PyCUDA F2J7 R0iZiE 5¢ SM 45 84 S H P 320 2 20 Bk
IREI ;s SM X F 2R FE I PERE A PR . U, TR IERMH GPU SR FIA IR AL W A7
X TSR P AR IR KA B R E . (E37H CUDA 19 GPU &k, A 4 8K, EXWTF.
» ZHERE (registers) : ARG I — D arfFas. TANRIERREVIN H S5 A75,
T JCVE A A R FE (2 A7 5, B 50t R 8 T — AN B X B,

» HEEMES (shared memory) : R RS, AL XIAE — DN LR
LEMNAE . X WAF R R

» B FEMESE (constant memory) : — MWK H I BT A e A% — B AT LA I 3X 34 AT
(B BEE SR U 1) o 55 A7 it o P DB 75 0 F R SR A 8] — B A7 7T

» 257EHES (global memory) : BT M HIIZFE (R EIETE WAL a5 iH
ARy, Fo 0 BT s 7 LA R A R — ELAEAE

GPU FINAAET N N E s .
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BLOCK(0,0) BLOCK(1,0)

SHARED MEMORY SHARED MEMORY

A A A A
g | g
v y i A ¢ A
Thread Thread Thread Thread

(0,0

CONSTANT MEMORY

GPU N7F#EH!

W ELE PyCUDA 2718 84 N B PERE, — AN OCE S 2 B IR G I N A7
se— R, R MR NAF . AR Bl R L A g, R4
JRAFAERS U ) o X PR 508 5 T X 43 in) 38k / B3 (domain/codomain), il Ze 2 X B
E—NAENEIE TEPHEITEE. X, 8T ZX IR I R 3t =1 & /A7 4,
MATENFRRTIZE, SR)E 7870 R X A7 X e

AR EPAT AP R E -

1. N2 R i o ol Bl I 2 L 2 it ds .

2. [FE X A R ARE, ih RN R A LS UL A R e A, LA

TS BT At 2 FE .

3. ML AR E SR B .

4. WA WE, FUGHEATREE, #RILEEMmSR T CATIS R R .

5. fEA RS T E NG R,

BRsLH
AT B ZETS, BATKRE — AT o AT R SR AR AR . A
7R AL CARRHE T AUHEAT AR RESRei,  DARAR R 2 PEACHS, T 55 2 A e St Fry o —

(4,0) 0,0) (4,0)
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TR —FIm#EoT & -
void SequentialMatrixMultiplication (float*M,float *N,float *P, int width)
{
for (int i=0; i< width; ++i)
for (int j=0;7 < width; ++3j) {
float sum = 0;

for (int k = 0 ; k < width; ++k) {
float a = M[I * width + kJ];
float b = N[k * width + j];

sum += a * b;
}
P[I * width + j] = sum;

IR AR ST RAERE P — A TT R, A WAFE YT DR b HTZ SRE R R 2 ST i
6] BATREMUN A — N EAE X HORTT S5 (10— A>T R, X RT L R A8 42 /A7 fik
ey B, I DN LR B UM, R MU LR N AT

PAUR R BB EA 7%

import numpy as np
from pycuda import driver, compiler, gpuarray, tools

# —— PR

import pycuda.autoinit

kernel code template =" ""
__global  wvoid MatrixMulKernel (float *a, float *b, float *c)
{
int tx = threadIldx.x;
int ty = threadIdx.y;
float Pvalue = 0;
for (int k = 0; k < %(MATRIX SIZE)s; ++k) {
float Aelement = al[ty * % (MATRIX SIZE)s + k];
float Belement = bk * $(MATRIX SIZE)s + tx];
Pvalue += Aelement * Belement;

cl[ty * %(MATRIX SIZE)s + tx] = Pvalue;
}

MATRIX SIZE = 5

a cpu = np.random.randn (MATRIX SIZE, MATRIX SIZE).astype (np.float32)
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b cpu = np.random.randn (MATRIX SIZE, MATRIX SIZE) .astype (np.float32)
c _cpu = np.dot(a cpu, b cpu)

a_gpu = gpuarray.to gpu(a_cpu)

b gpu = gpuarray.to gpu(b cpu)

c_gpu = gpuarray.empty ((MATRIX SIZE, MATRIX SIZE), np.float32)

o)

kernel code = kernel code template % {
'MATRIX SIZE': MATRIX SIZE

mod = compiler.SourceModule(kernel_code)
matrixmul = mod.get function ("MatrixMulKernel")

matrixmul (
a_gpu, b_gpu,
C_gpu,
block=(MATRIXisIZE, MATRIX SIZE, 1),
)

# FTERZS

print "-" * 80

print "Matrix A (GPU):"
print a gpu.get()

print "-" * 80
print "Matrix B (GPU):"
print b _gpu.get ()

print "-" * 80
print "Matrix C (GPU):"
print ¢ _gpu.get()

print "-" * 80
print "CPU-GPU difference:"
print ¢ cpu - c gpu.get()

np.allclose(c _cpu, c gpu.get())

PA_E7= 8 i A2 AL XA

C:\Python CookBook\Chapter 6 - GPU Programming with Python\python
PyCudaMatrixManipulation.py
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Matrix A (GPU):
[[ 0.90780383 -0.4782407 0.23222363 -0.63184392 1.05509627]
[-1.27266967 -1.02834761 -0.15528528 -0.09468858 1.037099 ]
.18135822 -0.69884419 0.29881889 -1.15969539 1.21021318]
.20939326 -0.27155793 -0.57454145 0.1466181 1.84723163]
[ 1.33780348 -0.42343542 -0.50257754 -0.73388749 -1.883829 ]]
Matrix B (GPU):
[[ 0.04523897 0.99969769 -1.04473436 1.28909719 1.10332143]
[-0.08900332 -1.3893919 0.06948703 -0.25977209 -0.49602833]
0.6463753 -1.4424541 -0.81715286 0.67685211 -0.94934392]
0.4485206 -0.77086055 -0.16582981 0.08478995 1.26223004]
0.79841441 -0.16199949 -0.35969591 -0.46809086 0.20455229]]
Matrix C (GPU):
[[-1.19226956 1.55315971 -1.44614291 0.90420711 0.43665022]
[-0.73617989 0.28546685 1.02769876 -1.97204924 -0.65403283]
[-1.62555301 1.05654192 -0.34626681 -0.51481217 -1.35338223]
[-1.0040834 1.00310731 -0.4568972 -0.90064859 1.47408712]
[ 1.59797418 3.52156591 -0.21708387 2.31396151 0.85150564]]
CPU-GPU difference:
[[ 0.00000000e+00 0.00000000e+00 0.00000000e+00 -5.96046448e-08
0.00000000e+00]
[ 0.00000000e+00 5.96046448e-08 0.00000000e+00 0.00000000e+00
5.96046448e-08]
[ -1.19209290e-07 2.38418579e-07 0.00000000e+00 -5.96046448e-08
0.00000000e+00]
0.00000000e+00 0.00000000e+00 =-2.98023224e-08 -5.96046448e-08
0.00000000e+00]
1.19209290e-07 0.00000000e+00 0.00000000e+00 0.00000000e+00
0.00000000e+0011]

SLRIRGRE
A1k 7 PyCUDA SRAETARNE. 256, A0 & h i A LR R A7 45 B0
R -

MATRIX SIZE = 2

a_cpu = np.random.randn (MATRIX SIZE, MATRIX SIZE).astype (np.float32)
b cpu = np.random.randn (MATRIX SIZE, MATRIX SIZE) .astype (np.float32)
c cpu = np.dot(a cpu, b cpu)

SRJ5, {41 PyCUDA &% gpuarray.to gpu() ¥iXLEAEFEEEFLE] GPU W4 -

a _gpu = gpuarray.to gpu(a_ cpu)
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b gpu = gpuarray.to gpu(b cpu)
C_gpu = gpuarray.empty ((MATRIX SIZE, MATRIX SIZE), np.float32)

ZSE RO T WAZ R
~_global  wvoid MatrixMulKernel (float *a, float *b, float *c)
{

int tx = threadIdx.x;

int ty threadIdx.y;

float Pvalue = 0;

for (int k = 0; k < %(MATRIX SIZE)s; ++k) {
float Aelement = a[ty * % (MATRIX SIZE)s + k];
float Belement = b[k * % (MATRIX SIZE)s + tx];
Pvalue += Aelement * Belement;

}

clty * %(MATRIX_SIZE)S + tx] = Pvalue;

HE, _global  REFFRZRKEE —MANZERE, LANEN EIHAARERS L
AR E

threadTdx.x fll threadldx.y &M% PR R 5], EFHETE, KR ATH ZAH
[F P AZARRS,  EAEEAS [ () 262 2 15 BAS [F] B R ARARE . EIX AN FFATAS 1, St R ALY
(ZEWIH “BARSZI” —19) PREHRASE § Fj 4 B 3 N IX A 22 % 5] threadIdx. x I
threadldx.y. @ ZRFIHATIEIFEN, B 7E X 2R R 5T, Rtix B — IR 7§
WIER. fETAH MatrixMulKernel WAZARRBES, DL 2X2 K/NE)H R LFEMIRETE AT
mod = compiler.SourceModule (kernel code)
matrixmul = mod.get_function("MatrixMulKernel")
matrixmul (

a_gpu, b_gpu,

c_gpu,
block=(MATRIX SIZE, MATRIX SIZE, 1),

B A RZACERS, 521 CUDA SRR Mk — MR T E AN R B GPU 22 k.
T R ARG e I B AR LA 7 oy MR A, 3 SR A B R &2 B IR AT « B, — AN REA M
FEATUAT L@ 5 A — AN LA AT

BE, FTEZER, IR TIES, H c_cou il c_gpu X AN FEIRAR 1) Z24A -
print "-" * 80

print "CPU-GPU difference:"
print c cpu - c_gpu.get()




PythonFHTHmIZSAt

np.allclose(c_cpu, c gpu.get())

£ GPUArray iERR#%

FE E—AoRpilt, FATNE T T SRR A R

pycuda.compiler.SourceModule (kernel source, nvcc="nvcc", options=None,
other options)

XATAHS M CUDA JEAREY kernel source @ —AMEHL, SR, 8 25 e A2 0 H
NVIDIA ] NVCC 4 % 2820 P CHD o

{H/&, PyCUDA 5| A\ | pycuda.gpuarray.GPUArray 2§, #2{ft [ {f lj CUDA $iTiH5HE 1
mEED

class pycuda.gpuarray.GPUArray (shape, dtype, *, allocator=None, order="C")

HTAET7 I numpy . ndarray, #2HEHE RAF ETHE & IFE % R AT T
shape Al dtype Z4( 5 EA17E NumPy 1 [#¥{ 7 X — A —FF

GPUArray K i) A BUE THE 7 I8 SR ) i br B AE 28 . gpuarray OB AR fi] #L
—MITERAE A NumPy B RS, anA ARG R

>>> import pycuda.gpuarray as gpuarray

>>> from numpy.random import randn

>>> from numpy import float32, int32, array
>>> x = randn(5) .astype (float32)

>>> x_gpu = gpuarray.to_gpu(x)

n] DL iE 7 s AFT Bl gpuarray :

>>> xarray([-0.24655211, 0.00344609, 1.45805557, 0.22002029,
1.28438667])

>>> x_gpuarray ([-0.24655211, 0.00344609, 1.45805557, 0.22002029,
1.28438667])

BRI
LU R R A4 T GPUAmmay IR, théih T GPU HHSEM— M AE I, HIAE
AFAHS I — RIS B AT -

import pycuda.gpuarray as gpuarray
import pycuda.driver as cuda
import pycuda.autoinit

import numpy
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a gpu = gpuarray.to gpu(numpy.random.randn (4,4) .astype (numpy.float32))
a doubled = (2*a gpu) .get ()

print a doubled

print a gpu

it (FF IDLE Higf7 R0 'k -

C:\Python Parallel Programming INDEX\Chapter 6 - GPU Programming wit
h Python\python PyCudaGPUArray.py

ORIGINAL MATRIX

[[-0.60254627 1.16694951 1.48510635 -1.46718287 2.11878467]
2.63159704 -3.6541729 2.44197178 -1.12101364 0.22178674]

-0.87713826 -1.9803952 0.98741448 -2.83859134 -1.55612338]
0.79552311 -0.25934356 -1.12207913 -0.21778747 -4.0459609 ]
1.74858582 1.34928024 -2.55908132 2.22259712 0.82242775]]

DOUBLED MATRIX AFTER PyCUDA EXECUTION USING GPUARRAY CALL
[[-0.30127314 0.58347476 0.74255317 -0.73359144 1.05939233]
[ 1.31579852 -1.82708645 1.22098589 -0.56050682 0.11089337]
0.43856913 -0.9901976 0.49370724 -1.41929567 -0.77806169]
0.39776155 -0.12967178 -0.56103957 -0.10889374 -2.02298045]
0.87429291 0.67464012 -1.27954066 1.11129856 0.41121387]]

SLOIRSRE
BRI 6 T R -

import pycuda.gpuarray as gpuarray
import pycuda.driver as cuda
import pycuda.autoinit

import numpy

FAHERE a_gpu FRELERENLA RIIT. WIREAE GPU FR3TTHEE CREEIE I BT T3k 2D,
RBEPAT —ATIEARIAT

a doubled = (2*a gpu) .get ()

THEEE RARFFAE a_doubled FHFEH (] get O 5. &Ja, FTENZR

print a doubled

MR =
pycuda.gpuarray. GPUArray K ¥ T B AGEEAF, LIRVFEIEREM, Fr s
RSB NumPy F (0% RIS IR . JEAR, pycuda.cumath B T ¥ SRR K. L,

=193F



PythonFHTHmIZSAt

i /| pycuda. curandom H1 ¥ D g, AE I T 351 43 A BE AL AL Cuniformly distributed random
numbers) ZH %%

£ PyCUDA ZEITERIATURE

PyCuda.elementwise.ElementwiseKernel R T E XA FPAT K, IXEE A
T H DMK, ILFEM AR R, BAAmT .

ElementwiseKernel (arguments, operation,name,optional parameters)

X BB E NH.

» arquments: XZE— C IR, BENZIITE LGS,

» operation: XZEELESH EPATHIEME. WRSHRNE, A —IHE R
TR A

» name: WIZMAHK.

» optional parameters : IXj& UL TRl iscA 242

BRI

ARG F, FATHA 41 ElementwiseKernel {8 KW WA . BG5A H 50 ST H )
PN input_vector_a Ml input_vector b, XA E AR BN ER . FRATHAE S22
THEHEAIMZLMA S (linear combination) o

HARRALG R -

import pycuda.autoinit

import numpy

from pycuda.curandom import rand as curand

from pycuda.elementwise import ElementwiseKernel
import numpy.linalg as la

input vector a = curand((50,))

input vector b = curand((50,))

mult coefficient a = 2

mult coefficient b = 5

linear combination = ElementwiseKernel (
"float a, float *x, float b, float *y, float *c",
"c[i] = a*x[i] + b*y[i]",

"linear combination")
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linear combination result
linear combination (mult coefficient a,

print ("INPUT VECTOR A =")

mult coefficient b,

= gpuarray.empty like(input vector a)

6 {EFPythoni#{TGPURIZE

input vector a,

input vector b,

linear combination result)

print (input vector a)

print ("INPUT VECTOR B =")

print (input vector b)

print ("RESULTING VECTOR C =")
print linear combination result

print ("CHECKING THE RESULT EVALUATING THE DIFFERENCE VECTOR BETWEEN C AND
THE LINEAR COMBINATION OF A AND B")

print ("C -

($sA + %sB)
print (linear combination result -

mult coefficient b*input vector b)) .get())

)

vector b))
assert la.norm((linear combination result -
(mult coefficient a*input vector a +

EIRACHAE dy & S AF P IO R

C:\Python CookBook\Chapter 6 - GPU Programming with Python\ >python

PyCudaElementWise.py
INPUT VECTOR A =

[ 0.73191601

0.75579387
0.35208538
0.04270195
0.15690483
0.45646626
0.35608584
0.33111155
0.18454118
0.4575595
0.55539894
0.13928016
0.18071586
0.55373788
0.07541087
0.65380263

0.7004351

0.97497243

0.39899695

0.01598917

0.83971804

0.23285247

0.8029055

0.55443048

0.87159222

0.36948711

0.2927697

0.75943208

0.01466237

0.14676388

0.05551658

0.19723719

0

0.

0.49621502

.34328628

36201504

.49343511

.77959627

.72028935

.49400434

.72457349

% (mult coefficient a, mult coefficient b))
(mult coefficient a*input vector a
+ mult coefficient b*input

0.19640177

0.06811771

0.09503061

0.79146844

0.54659295

0.87861985

0.40941685

0.46491891

< le-5
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0.93845034 0.27472526]
INPUT VECTOR B =
[ 0.29464501 0.21645674 0.93407696 0.48678038 0.71135205

0.0588627

0.99216938 0.879906 0.07517455 0.84360296 0.57358545
0.73907417

0.06841258 0.1816148 0.53327322 0.30980903 0.96774238
0.90884209

0.39139062 0.97678316 0.41284555 0.17893282 0.47421032
0.13706622

0.62038481 0.22524452 0.67131585 0.06617502 0.02492006
0.99894243

0.28288943 0.55505407 0.14323047 0.54854101 0.2742492

0.01146096

0.45902726 0.03561942 0.78358203 0.32014725 0.13187674
0.42909116

0.2633251 0.07679776 0.80823648 0.57373965 0.40740359
0.26024994

0.61452144 0.46388686]
RESULTING VECTOR C =
[ 2.93705702 2.48315382 6.41356945 3.42633176 3.94956398

1.80590129

5.6650176 6.34947491 1.11484694 4.90458727 3.00416279
3.78077483

0.65587258 1.70606792 3.25190544 2.2730751 5.02877283
5.45714283

2.6691246 4.91589403 3.58309197 1.88153434 3.95398855
1.34755421

3.47100639 2.80565882 3.38590407 1.89006758 1.21778619
5.90983152

2.52524495 3.24097538 1.00968003 4.18328381 3.12848568
0.33586511

2.65656805 1.78390813 4.02894306 2.58874488 1.47821736
3.25293159

1.46744728 1.49284983 4.43565702 4.31784534 2.96685553
2.60885501

4.94950771 2.86888456]
CHECKING THE RESULT EVALUATING THE DIFFERENCE VECTOR BETWEEN C AND THE
LINEAR COMBINATION OF A AND B
C - (2A + 5B) =
( . o0o. o0. 0. 0. O0. 0. O0. O0. 0. 0. 0. 0. 0. 0. 0. oO.
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SLOIRSRE
FEHMEANZIE, WAVERS -

from pycuda.elementwise import ElementwiseKernel

WA MR B IE (0 A JE R . M, B RIOAL % R K input_vector a fil input_
vector b KPR AL A . TEAEH PyCUDA ity curandom i (T 2L HephBEHLEO

PRI P A B
A FH AR ARRS S NP -

from pycuda.curandom import rand as curand
PR E CREFLFE CR/ANA 50 M) -

input vector a = curand((50,))
input vector b = curand((50,))

FRORE A RIER R K, IR R RS -

mult coefficient a = 2
mult coefficient b = 5

AR AR, NI FRAE R PyCUDA ) ElementwiseKernel ¥tk %k, WK

Js

linear combination = ElementwiseKernel (
"float a, float *x, float b, float *y, float *c",
"cl[i] = a*x[i] + b*y[i]l",
"linear combination")

AT NSEIIR GE CIEFNRE SO, ET A EIMAZITT R 24

"float a, float *x, float b, float *y, float *c",

AT LT WHRE SRR . T RGN 1 MEME, SKREUFAf 2

"c[i] = a*x[i] + b*y[i]l",

B — 17 ElementwiseKernel fiy %4 A linear combination,

EWZIHMZ G, ORARAFEE R S — A [ 5 28 AR [F] A 25 [

linear combination result = gpuarray.empty like (input vector a)
# AR AZSRAA -
linear combination(mult coefficient a, input vector a,

mult coefficient b, input vector b,

linear combination result)
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AT UM T AR AR A4 2R

assert la.norm((linear combination result -
(mult coefficient a*input vector a +
mult coefficient b*input vector b)) .get()) < le-5

assert RS ELSE R, WRZMNEIE S KR,

R R

% 7 Y5 H CUDA J# f] curand Ji£, PyCUDA & #2417 HoAh ¥ 2% &, R A LA{E http://
documen.tician.de/pycuda BEFEFIE .

{5 PyCUDA #1737 MapReduce #1E

PyCUDA #2fit 7 7£ GPU L#ATIHZ#(E (reduction operation) [FhfE. AiE L pycuda.
reduction.ReductionKernel J5VESZH :

ReductionKernel (dtype out, arguments, map expr ,reduce expr,
name,optional parameters)

XHEEE RN ST

» dtype out : XjEHuth FIEHERE, WALE numpy. dtype HE KRR E

» arguments: X2 CSHIIR, WF T HAREY LITE S

> map_expr : X2 NRRB RN TR E . ZREX R R AUE A R 1

51
» reduce expr: IX @& —MNRRNHABAEMNFZRTH . XANRIEX P WL UNE 75}
Fow, Wa, b, ¢, ..., z,

» name : X5 5 ReductionKernel MHIGHEKMIA AR, WL FIZAFREEAT S
» optional parameters: IXEEZHAEIZLHIHIFAELE, FOVENIZMIFRIIIESL.

EHEIrREMESHE (B0 AT AR, ERES AT map_
expr, SRJAERIESR EPUT reduce_expr,

BRI

A A 41 ) 2 38 I SE AL ReductionKernel ZEsR N & (500 PMIoE ) B A (dot
product). AN, HEFR AFREF (scalar product), & — MBI H, HAEEEHANKEH
ST GRE AR ED, S5 RN T YO BEGR AR 2 F . 3X 2 — AN L
MapReduce #:1E, map FEAE IR I KIF, reduction #EAFEE KA T 2 H.
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T8 HIX —FE 45 ) PyCUDA AHS RS -

import pycuda.gpuarray as gpuarray

import pycuda.autoinit

import numpy

from pycuda.reduction import ReductionKernel

vector length = 400
input vector a = gpuarray.arange(vector length, dtype=numpy.int)
input vector b = gpuarray.arange (vector length, dtype=numpy.int)
dot product = ReductionKernel (numpy.int,
arguments="int *x, int *y",
map_expr="x[i]*y[i]",
reduce expr="a+b", neutral="0")

dot product = dot product (input vector a, input vector b).get()

print ("INPUT VECTOR A")
print input vector a

print ("INPUT VECTOR B")
print input vector b

print ("RESULT DOT PRODUCT OF A * B")
print dot product

FE AR A I AT BRAIE, RERA RN I
C:\Python CookBook\Chapter 6 - GPU Programming with Python\>python
PyCudaReductionKernel.py

INPUT VECTOR A
[ O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52
54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70
72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88
90 91 92 93 94 095 96 97 98 99 100 101 102 103 104 105 106
108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124
126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142
144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160
162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178
180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196
198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214
216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232

17
35
53
71
89
107
125
143
lel
179
197
215
233
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234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251
252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269
270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287
288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305
306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323
324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341
342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359
360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377
378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395
396 397 398 399]

INPUT VECTOR B
[ O 1 2 3 4 5 6 7 8 9 10 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 48 49 50 51 52 53
54 55 56 57 58 59 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 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
126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143
144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161
162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179
180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197
198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215
216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233
234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251
252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269
270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287
288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305
306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323
324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341
342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359
360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377
378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395
396 397 398 399]

RESULT DOT PRODUCT OF A * B
21253400

Sy
TEZIAS T, i A\ JA] & input vector a fll input vector b #l & 8 m) & . M LI A4
Hep AT LA, SRR TR IMELE 0 ) 399 Z 8] (%4 400 MITHR) -

vector length = 400
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input vector a = gpuarray.arange(vector length, dtype=numpy.int)
input vector b = gpuarray.arange(vector length, dtype=numpy.int)

1E5E X e N2 JG, AT L A PyCUDA B % ReductionKernel 3K 5E Y. MapReduce #1F -

dot product = ReductionKernel (numpy.int,
arguments="int *x, int *y",
map_expr="x[1i]*y[i]",
reduce expr="a+b", neutral="0")

XA WRZERAE R E LR -

» ZHBIRAFE—DEE VRN, R —

» BRI CIEE AL E X TN CEEEAD MR8,

> =T map #AE, RISRIASHES | BT R IR .

> EVUANERAE S reduction #:1E, RISRATA AL AL

¥, A ReductionKernel SEfAf) i 2825 it — MIIAEAE T GPU ) GPUArray AR .
A LA A3 get i LK E] CPU 1, 8 th Al LLYE GPU A FiliX /ME .

SRIG, FEan 77 =N FH N AZ R A -

dot product = dot product (input vector a, input vector b).get()

e, T AN 1A DR e A B A

print input vector a
print input vector b
print dot product

{5/ NumbaPro #1757 GPU iE

NumbaPro s&—> Python 4125, #2fit 72+ CUDA 1 API 4ufE#z 1, " LA4%'S CUDA
FEFP . EL It FRIAT S B G R SR SS, A28 NumPy PERl. 54414
R EAT 5 P AR HAT PR IE & 1 GPU S8 Ii# 2% 56 . NumbaPro A #%52 NumPy %4
FKAY, FF XL A BT AE GPU Bl % CPU 3T B 2 B A

2GR SCREXT Python BRETR B RIUZE 4 (type signature), RIS AT gm iR etE (B
FRA T 40 i)

o E R AR 20 T PR

» numbapro.jit: CFH K E WS CUDA HIRE. BRZIEIHSRT, miFasalg3eim

ar RIS gm A IS 1E S PTX, £ GPU H#RAT
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» numbapro.autojit : JERFE— BN EIRGF (deferred compilation), XEKENH
LA R SR — IR

» numbapro.vectorize : fJ#E#— NPT R ufunc X R (NumPy FHEHEED, Hx—
MR FFLARESHOMTIT .

» guvectorize : fll & FTi H gufunc Xf % (NumPy A 72 38 FH BB E0 . X Rt %07 BL
BAE A T4 (&% http://docs.continuum.io/numbapro/generalizedufuncs.
html FREUH 2 558D,

IXEEAEAH IR AR — A H bR (target) MIgmiFasis 4, HT &S A K HF5. NumbaPro
IR SCRF AT AN GPU %5 Hiw. FF4T B al TR E40/E, M GPU 85 MK 1 s 4
NVIDIA fJ CUDA GPU #47.

EFTE

NumbaPro #& Anaconda Accelerate [1)—#4, J57# /& Continuum Analytics 2 &) ¥R MV 77 1]
Fei CEARH P AT BLA 3% Bl ) NumbaPro). B2 T LA BSD W3 R AT iR H Numba,
1M Numba H S AR KR EAOB T LLVM %1% 4% . NumbaPro ] GPU J&¥u | 7 2T LLVM [
NVIDIA %% SDK.

U 48 {8 Ff NumbaPro, 25 — 5 % R #Jf %¢ %% Anaconda #2 it ] Python K {THhR (http://
continuum.io/downloads), iXj&—AN5E4 %ok IIANZL Python KATHR, T T KIUBLEHE b
B OWO B AR, BEFZWATE (NumPy. SciPy. IPython %5), M3 fit T —/ 5%
KL E BLES conda.

450 Anaconda 2 J5, M Anaconda FIfT S HERFFHHIALL RS -

> conda update conda
> conda install accelerate
> conda install numbapro

NumbaPro %A1 CUDA Wz, MHHP#RRGECEMH T oz . %
Fe5¢)5, ALK CUDA FEFI GPU. FATTM Anaconda #5141 FF Python FHHiA -

import numbapro
numbapro.check cuda ()

RPAT AR K a0 s (GGRATE A IR52 64 71K Anaconda AATHED -

C:\Users\Giancarlo\Anaconda>python

Python 2.7.10 |Anaconda 2.3.0 (64-bit)| (default, May 28 2015, 16:44:52)
[MSC v.1500 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license" for more information.
Anaconda is brought to you by Continuum Analytics.
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Please check out: http://continuum.io/thanks and https://binstar.org
>>> import numbapro

Vendor:

Package:
Message:

Vendor:

Package:
Message:

Vendor:

Package:
Message:

Continuum Analytics, Inc.

mkl

trial mode expires in 30 days
Continuum Analytics, Inc.

mkl

trial mode expires in 30 days
Continuum Analytics, Inc.
numbapro

trial mode expires in 30 days

>>> numbapro.check_cuda ()

Finding

Finding

Finding

Finding

Finding

Found 1
id 0

Summary:

PASSED
True
>>>

cublas

located at C:\Users\Giancarlo\Anaconda\DLLs\cublas64_ 60.d1l1l
trying to open library... ok

cusparse

located at C:\Users\Giancarlo\Anaconda\DLLs\cusparse64_60.dll
trying to open library... ok

cufft

located at C:\Users\Giancarlo\Anaconda\DLLs\cufft64 60.dl1l
trying to open library... ok

curand

located at C:\Users\Giancarlo\Anaconda\DLLs\curandé4_60.d1l1l
trying to open library... ok

nvvm

located at C:\Users\Giancarlo\Anaconda\DLLs\nvvmé64 20 0.d1l1l
trying to open library... ok

finding libdevice for compute_20... ok

finding libdevice for compute_30... ok

finding libdevice for compute_35... ok
——————————————————————— hardware detection------------—---—-cc—-—-
CUDA devices

GeForce 840M [SUPPORTED]
compute capability: 5.0
pci device id: 0
pci bus id: 8

1/1 devices are supported
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BRI
FEAAAFh, FRAT G IR Gquvectorize K5t ) NumbaPro 4 o0 Fl v . 75 R IIAIAE S,
FA AT ] NumbaPro $EH 4R Fei:

from numbapro import guvectorize
import numpy as np

@Qguvectorize (['void(int64([:,:], int64[:,:], int64[:,:]1)'],
" (m,n), (n,p)->(m,p)")
def matmul (A, B, C):
m, n A.shape
n, p B.shape
for i in range (m):
for j in range(p):
C[i, j] =0
for k in range(n):
C[i, J] += A[i, k] * Blk, 7]

dim = 10
A = np.random.randint (dim, size=(dim, dim))
B = np.random.randint (dim, size=(dim, dim))

C = matmul (A, B)
print ("INPUT MATRIX A")

print (":\n%s" % A)
print ("INPUT MATRIX B")

print ("RESULT MATRIX C = A*B")

)

(
(

print (":\n%s" % B)
(

print (":\n%s" % C)

247 BIRARY (ffH Anaconda #2162 J5, Mizsx IR EIT A4 -

INPUT MATRIX A

[7 78585195 9]
[35546 7653 1]
[71 687 9033 3]
[7 44378121 2]
[4 77135567 6]
[501584444 9]
[1 32073723 4]
[02 9075 9747]
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[7 37656422
9710357
MATRIX B

[2 1
INPUT

,_‘
(&)}
SON I BN 0B O

o Oy O 0O U U W W W ©
< O 0o oW b

W W Wk~ o N ooy 0N
O W oy W O W U O W

RESULT MATRIX

[[368
[231
[248
[201
[297
[235
[174
[267
[266
[227

SLAURSHE

284
207
247
181
239
229
142
213
254
219

402
278
280
232
331
270
201
348
305
255

O WK R oy b O J O
NN PP O JJdo0 J

Q
Il

331
226
217
175
301
222
166
297
239
215

N b 9 WO d o0 W Ww
@
—

A*B

304
188
208
173
239
181
124
212
228
166

295
199
190
149
225
248
185
292
230
189

361
236
243
218
290
246
192
289
303
214

291
177
198
156
225
175
108
194
234
196

327
193
232
170
229
219
129
233
232
204
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378]
273]
279]
225]
315]
280]
217]
334]
2881
22911

@guvectorize VERIE M THHAS K. 2RI X —NHSNZH, 48E gufunc B4,
BNSEBEREL TR

>

AT =2 8R4 B I Hdie

inted[:,:1) ',
Gguvectorize [ fa— AN SR € WHTHAEAEFELERE : ' (myn), (n,p)—>(m,p) '

@guvectorize (['void(int64([:, :],

KA,

NEEET R . 'void (int64[:, 1], int64[:, :].

int64([:,:], int64[:,:1)"'],

'(m,n), (n,p)->(m,p) ")

EZ ARG H, FATE X matmul (&, B, C) #fE. EHEHANMNEIE A M B, 4K
AR Co M4 qufunc 2844, W LLKIIE -
A(m,n)* B(n,p) = C(m,p), HF m. n. p AEFERILEE
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FERERAR A T AT =R 91 for TEIARI AR

for i in range (m):
for j in range(p):

C[ll j} =0
for k in range(n):
Cli, Jj] += A[i, k] * B[k, J]

NumPy H1 ) randint o $a] F T MBEAUAE FEAL G 30 5

dim =
np.random.randint (dim, size=(dim, dim))
np.random.randint (dim, size=(dim, dim))

10

e, XA A S HOR M matmul B FFITEVRZSHIAERE |

C = matmul (A, B)
print ("INPUT MATRIX A")
print ("RESULT MATRIX C = A*B")

print (":\n%s" % C)
1812 NumbaPro £ GPU IliERIZE

NumbaPro #2{t T —/> CUDA FE[] Python 3¢, R A T#{H 115 (numerical computing).
R T IXEEEE S, TEAUR SATEAT S GPU AHIC MRS BRI AT SRAS MR FE 52 T AH O FE I g e G
R

206

» CUBLAS : X & NVIDIA Jf & IH—NFE, $4t T al7E GPU igf7 i 3 Z A AR H R

. 578 CPU bsil 7&K Hr s X R AT 425 % (Basic Linear Algebra
Subprograms, f#FK BLAS) Z¥fil, cuBLAS K H R E R4 ALLF =AY Z K

0 B—F R,

0 BIE PR E A5 E (transaction)

0 BER M EERE.

KRBRI T AR=Z)E, RETHATRERERES D RREEIRER . Sk,
A Z IR I BRAE SR IAT 56 1% 78 B BT 75 EE I AT R

CUFFT : AL T —1E NVIDIA GPU F LA Ai 07 Uit Hbeag 4 2 vh 3% (Fast
Fourier Transform, FFT) ML, 0] LAEA BATSEI FET 1ES N FIAH GPU (1)
FATRE

CURAND : % JESCRFOVEERA LA . HEBEALETR 2 B — N e MRS AR B B L3
cuSPArse : 1% EFE ML T — 41 FH T # AR 5 H P (sparse matrix) IR EL . FIEE — /N EEANA],
BRI AN R R
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0 F—)Z . XEERMEAE (sparse vector) FIFH% M) (dense vector) Z [A]FIER{E .
SR ey = JX 57% il P (sparse matrix) FIHH% /& (dense vector) Z[A][FHE/E.
= %EE' 1% 6 2 s i H [ (sparse matrix ) Fll—2EL % [7] & (dense vector) Z [A] I #RAE
0 K iﬁT [F A7 itk 2 TR e PR R A o

BRI

TEARGI R, FATN 28 A 4% (General Matrix Multiply, &5 GEMM) HJ—Fh s,
I8 FH B e a2 — PR /E NVIDIA GPU #0471 B [A] 3fe 7% (matrix-matrix multiplication) AT F)7 o
NS S AR NumPy B2 S 8 cuBLAS FEIFFATRR. 7346, IR L
S R AT IS [A]

AN HARRS 4 S B -

import numbapro.cudalib.cublas as cublas
import numpy as np
from timeit import default timer as timer

dim = 10

def gemm() :
print ("Version 2".center (80, '='))

A = np.random.rand (dim, dim)
B = np.random.rand(dim, dim)
D = np.zeros like (A, order='F"')

print ("MATRIX A :")
print A
print ("VECTOR B :")
print B

# NumPy

start = timer ()

E = np.dot (A, B)

numpy time = timer() - start

print ("Numpy took %f seconds" % numpy time)

# cuBLAS
blas = cublas.Blas()

start = timer ()

207



PythonFHTHmIZSAt

blas.gemm('T', 'T', dim, dim, dim, 1.0, A, B,
cuda time = timer () - start

print ("RESULT MATRIX EVALUATED WITH CUBLAS")
print D

print ("CUBLAS took %f seconds" % cuda time)
diff = np.abs(D - E)

print ("Maximum error %f" % np.max(diff))

def main() :
gemm ()
if name == "' main ':
main ()
BAT BRI T
MATRIX A :
[[ 0.79582178 0.95671563 0.69251157 0.85600979
0.20724061 0.55065641 0.2257875 0.90146437]
[ 0.6742022 0.43449657 0.04862685 0.9023226
0.15774015 0.2847742 0.81601615 0.34114773]
[ 0.61500219 0.65982283 0.73493152 0.21913261
0.84005388 0.38745489 0.676947 0.31530397]
[ 0.60694411 0.65138528 0.63773284 0.06589098
0.9064746 0.93419845 0.14609622 0.28317855]
[ 0.60166404 0.41423776 0.09938464 0.19315303
0.2912572 0.81481984 0.65222424 0.0670377 ]
[ 0.32192297 0.30244072 0.86595209 0.37701833
0.88491826 0.98290063 0.62965353 0.38323725]
[ 0.21512101 0.64731098 0.4079146 0.8371392
0.0586854 0.48812094 0.3625991 0.58142603]
[ 0.77378663 0.43994483 0.5620805 0.70350504
0.25423268 0.06869655 0.13642323 0.00221422]
[ 0.77808301 0.47386303 0.54323866 0.42010733
0.63316824 0.58479485 0.45141828 0.46231481]
[ 0.97122802 0.53723365 0.68688748 0.54315409
0.53542786 0.83478941 0.27459888 0.21024639]
VECTOR B
[[ 0.17084153 0.44546677 0.21551063 0.39731923
0.00681474 0.01126972 0.13769525 0.63437229]
[ 0.81913609 0.97583768 0.52579565 0.20179695
0.75033104 0.41878918 0.96892428 0.54358419]
[ 0.10071768 0.3090773 0.94185921 0.70550442

208

1.

1

0.

0.

0.

0

0.

0.

0, D)

32826726

.87598306

.80862566

.49177294

.07374789

.79095644

.01398673

.60589009

80652762

00883411

.00102686

24066758

10651627

.72861569

.20774405

.73982082

.02029247

.45335697

.11518194

.85945652

.09605428

.05903843

.9855186

.81069924

.18154282

.62659408
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0.23255164 0.96166165 0.65615938 0.16991118]
[ 0.84163163 0.59296382 0.12281989 0.32851275 0.78716318 0.02568872
0.02367708 0.65485736 0.79834789 0.76747705]
[ 0.90406949 0.03424157 0.01519989 0.5011444 0.63175281 0.17705116
0.16257016 0.81357471 0.58567631 0.24503327]
[ 0.62989968 0.47944669 0.86860435 0.94086568 0.24312278 0.13450463
0.16352136 0.42323191 0.46907905 0.97772097]
[ 0.44608094 0.19969488 0.01035155 0.69528549 0.07219375 0.91454669
0.18330497 0.76095336 0.12880003 0.24301603]
[ 0.37860881 0.33079438 0.19275564 0.58316669 0.35753971 0.63697732
0.72063491 0.42698316 0.53811423 0.83682958]
[ 0.42135462 0.89413827 0.00620849 0.63770542 0.29376823 0.68415057
0.71826696 0.9748898 0.9086774 0.7084634 ]
[ 0.08020851 0.47789158 0.45538401 0.26468263 0.84960276 0.1108932
0.0407631 0.41811299 0.2539022 0.73346706]1]
Numpy took 1.167435 seconds
RESULT MATRIX EVALUATED WITH CUBLAS
[[ 2.93393517 3.22653293 2.58999843 2.97688025 2.40723642 2.22561846
1.71083261 3.20145366 3.4654546 3.9246803 ]
[ 2.70759988 2.42236864 0.94108333 2.20715685 2.06739391 1.78390442
1.37381915 2.80760808 2.87826551 2.88739456]
[ 2.93301949 2.70921232 2.08465713 3.39447429 1.76684939 2.84034554
1.8600905 3.70096673 3.21368161 3.20257798]
[ 2.05665894 1.92477247 1.42646422 2.45288009 1.27576149 2.65682509
1.68187918 2.6942483 2.30742661 2.35163885]
[ 1.68553937 1.98030198 1.05436088 2.03107385 0.98066787 1.94328559
1.54050405 1.8876191 2.04514196 2.49719893]
[ 2.55782414 2.2600454 1.57942935 3.11991574 1.91570669 2.93236718
1.92525406 3.76932667 3.03618471 2.87628333]
[ 2.27705425 2.53777179 1.98218876 2.30511984 1.85547257 1.36423334
1.39131705 2.43879465 2.75148098 3.14994564]
[ 1.94662205 1.62822264 1.12425671 1.72230283 1.21131853 1.56748417
0.79113948 2.08449619 2.05742732 1.82536594]
[ 2.42686338 2.22641127 1.3762425 2.57727754 1.80747335 2.53040609
1.51847658 3.05078902 2.68199133 2.72340269]
[ 2.44854528 2.69315101 2.3255071 3.17886105 1.47260987 2.69597578
1.65043895 2.79595207 2.82714486 3.58489296]]

CUBLAS took 0.004226 seconds
Maximum error 0.000000

EAT S5 FAE 92 cuBLAS FEICR T &

SLAURSRE
9T HAERETRAUN NumPy T cuBLAS SCBL, FAT ST 067 I -
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import numbapro.cudalib.cublas as cublas
import numpy as np

[FI, 5 SRR -
dim = 10

bR gemm () BRH. B G, E SURMAJERE

A = np.random.rand (dim,dim)
B = np.random.rand(dim,dim)

iXH, FD{RAFE cuBLAS SEHLHIHH -

D = np.zeros like (A, order='F"')

EARGI R, FATH @ NumPy F1 cuBLAS 58 &K1t 5. NumPy RKEEERX N E =
np.dot (&,B), HAFERE EKLRAF AR

)5, cuBLAS SZHLUIT -

blas = cublas.Blas|()

start = timer ()
blas.gemm('T', 'T', dim, dim, dim, 1.0, A, B, 1.0, D)
cuda time = timer () - start

gemm () BEEGE cuBLAS H— AN =2 B3
numbapro.cudalib.cublas.Blas.gemm(transa, transb, m, n, k, alpha,
A, B,beta, C)
BRI ELI 1 AR R (A 3l
C = alpha * op(A) * op(B) + beta * C, H op NFEEEAE (transpose) HIFIZH

ERBII R, WRMADEER, IR HATIE (cuda_time) :

print ("CUBLAS took %f seconds" % cuda time)
diff = np.abs(D - E)
print ("Maximum error $f" % np.max(diff))

AT R

TEMA F, A1) T cuBLAS FERIRI . FESERER %KL, 15 AF http://docs.nvidia.
com/cuda/cublas/index.html fil http://docs.continuum.io/numbapro/cudalib, LI 3k HY

NumbaPro 351524 CUDA pREUZES R .
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{5/ PyOpenCL t&iR

it #4& = (Open Computing Language, f&#% OpenCL) & H T KEAFFHIiE1TiE
JFIIRERE, P& nr LR AR A =/ 4 72 1) CPU Bt GPU 4. ZHESEH Apple i, J&
K —MFEJY Khronos Group HJARE MEL & A IF A MYES . XMEZLZAE GPU L] CUDA
PATHAF BRI R, EHERSBIAAFE. CUDA MR SAET LF5 (i NVIDIA 477,
TERIF S H = i), DRI YA m AR i O 1A EERIMERE . T OpenCL W25 H 1 5T
W EVT T B & AN T 5. F OpenCL 4 5 M8 AT ATE BTG ) /i (U Intel
NVIDIA.IBM #1 AMD) A {4 B85 EIE4T . OpenCL L& —Fh5E T COOCH #7 RIED IG5,
Al 5 W%, CHRFEFEM CUDA-C-Fortran 5%, CUDA A [F] (1) 77 =048 F i . OpenCL #4112
ITEEIHAT FEEPRIRTE, N AF XIREE 7R S AN [F AT 1 & B4 fIPLH] . {252 OpenCL 127
AR IE A BR S, R EefEA R B BT EARD, ZXWEk 7 &4 6 ErvERe RS
FHE. N TIRMGRAETERE, RIS HIRHIE AU BEAT U B R 2 . AE DL Rt JRATTH:
R OpenCL 7£ Python H1[#5E8, MY4E PyOpenCL .

EETE
PyOpenCL Z T OpenCL, %Lt PyCUDA Z T CUDA, =& GPGPU “V*& ] Python f0.3% 3%
(PyOpenCL 7E NVIDIA fil AMD W% ¥ GPU &K R4 n[i847), i Andreas Kigckner FF /& 14k
. 4nfH Christoph Gohlke $2 {117 — it #l€l, 7E Windows V& %% PyOpenCL IR%E 5. &
FIR T 5B 20E Fi Python BB BCHT A ) Windows —if i 2225 (1, %I F{# ] Windows &
St 1) Python FH F Kt AE 5 A H B .
W N, AT LAYE 4% NVIDIA GPU &R 1) Windows Hii, A Python 2.7 &ATHR
Fy% 32 f7f) PyOpenCL J% :
1. Bi4E http://www.lfd.uci.edu/~gohlke/pythonlibs/#pyopencl, Jf a5 pyopencl-
2015.1-cp27-none-win32.whl FECH (LUBAEMKIE, WEHENH.
2. M http://registrationcenter.intel.com/irc nas/5198/opencl runtime 15.1
%86 setup.msi F#I%Z % Win32 ) OpenCL IK5)%% (Intel $24t).
3. wa, Mar AR A LL T a4, 2% pyOpenCL :

pip install pyopencl-2015.1-cp27-none-win32.whl

B{RsCl
TES5—ARBIT, BATBAE R TEH) %% PyOpenCL FRHi.
KIE, T2 A A, KA OpenCL JE AT S4B REAHHFE -
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import pyopencl as cl

def print device info():

print ("\n' + '='

* 60 +

'"\nOpenCL Platforms and Devices')

for platform in cl.get platforms():
print ('="' * 60)

print ('Platform - Name:
print ('Platform - Vendor: ' + platform.vendor)
print ('Platform - Version: ' + platform.version)
print ('Platform - Profile: ' + platform.profile)
for device in platform.get devices():

* 56)

print ("' R
print (' Device -
+ device.name)

print (' Device -

' + platform.name)

Name : !

Type: !

+ cl.device type.to string(device.type))

print (' Device -
.format (device
print ('
.format (device
print ('

Device -

Device -

.format (device.

print ("' Device -
.format (device

print (' Device -

.format (device.

print (' Device -
.format (device
print (' Device -

.format (device

print ('\n")

if name == " main

print device info()

Max Clock Speed: {0} Mhz'

.max clock frequency))

Compute Units: {0}

.max_compute units))

Local Memory: {0:.0f} KB'
local mem size/1024.0))
Constant Memory: {0:.0f} KB'

.max_constant buffer size/1024.0))

Global Memory: {0:.0f} GB'
global_mem_size/1073741824.0))
Max Buffer/Image Size: {0:.0f} MB'

.max mem alloc size/1048576.0))

Max Work Group Size: {0:.0f}"

.max_work group size))

S A i e 2 BoR ©L%23E CPU M GPU &R =S, B0 F s -

C:\Python CookBook\Chapter 6
PyOpenCLDeviceInfo.py

- GPU Programming with Python\>python

OpenCL Platforms and Devices
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Platform - Name: NVIDIA CUDA
Platform - Vendor: NVIDIA Corporation
Platform - Version: OpenCL 1.1 CUDA 6.0.1
Platform - Profile: FULL_PROFILE
Device - Name: GeForce GT 240
Device - Type: GPU
Device - Max Clock Speed: 1340 Mhz
Device - Compute Units: 12
Device - Local Memory: 16 KB
Device - Constant Memory: 64 KB
Device - Global Memory: 1 GB
Platform - Name: Intel(R) OpenCL
Platform - Vendor: 1Intel(R) Corporation
Platform - Version: OpenCL 1.2
Platform - Profile: FULL_PROFILE
Device - Name: Intel(R) Core(TM)2 Duo CPU
Device - Type: CPU
Device - Max Clock Speed: 2330 Mhz
Device - Compute Units: 2
Device - Local Memory: 32 KB
Device - Constant Memory: 128 KB
Device - Global Memory: 2 GB
SCYIFSHR

AR IR T . RS AT, FRATS A pyopencl fEER

import pyopencl as cl

RJA, i platform.get devices() JFikIRMUN %R, &4, LR LITEENEH

1 3= ZURFAL -

> RIS

» HKEE (clock speed)
» 1A G (compute unit)
> R R AR
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WN{IgE—1 PyOpenCL hiF

51 | PyCUDA #4745 F2 —F¢, #2 PyOpenCL N 156 — 5 £ 4 fid 75 32 (host
application). S2Pr b, XANNFWERE FHM GEW AR REmN) BT, REHEEEREE
% (GPU &) FWINZRNH.

15 F N LA S MRS .

>

>

1’ % 48 A RAT WAL (9 4F . PyOpenCL N AT BAZE CPU F1 GPU &K E#k
17, WA PLR N BB, W39 T 4542 114 %] (Field Programmable Gate Array, i
P FPGA).

BRF : X4 1N B REELAERS EHATINZ.

Rz XA RS EPAT AR, A AR B2 — 23K C W, nf DUE SR
OpenCL X7 & AT R & EmPEAT . WAXARTE U FHE B & Bag AT (10 ek 25—
JiEe mEFHAANZE, && B2 TR GIET. B0 T IE1T A
G, (H 2RI R EER LA R 7

& PAFI (command queue) : &N B ZEIE S IR N . A2 BB T
SE B BN BIAT IR -

LET3C (context) : XFRMRE—HER. BN CCFRALINNZ, BB,

TEUH] TR R S A TR N e R, MR RS 2R S L
PATHIREL, AW A B TP — g

Program
- context
Kernels
]
A() B() C() D()
Device O Device 1 Device 2 Device 3
PyOpenCL %%
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B{xsc]

FEREH A, A AR 22— A~ PyOpenCL F&f7 FUFEA S IR . RG] Hh AT 55 /2 0 P )
EIFATRAN (parallel sum). 2 1 8 Orda T3, BB NS 100 TR B AR e
EHMIE i NLER, AR vector a fll vector b [AIEHE i NMnRZ .

M8, N T ML EIRBDIFATHATHIRCR, T LR vector dimension fg ASHife T L4k
%éﬁ :
import numpy as np

import pyopencl as cl
import numpy.linalg as la

vector dimension = 100
vector a = np.random.randint (vector dimension, size=vector dimension)
vector b = np.random.randint (vector dimension, size=vector dimension)

platform = cl.get platforms() [0]
device = platform.get devices () [0]

context = cl.Context ([device])
queue = cl.CommandQueue (context)

mf = cl.mem flags
a g = cl.Buffer (context, mf.READ ONLY | mf.COPY HOST PTR,
hostbuf=vector a)
b g = cl.Buffer (context, mf.READ ONLY | mf.COPY HOST PTR,
hostbuf=vector b)

program = cl.Program(context,"™ ""
__kernel void vectorSum(__ global const int *a g, _ global const int
*b g, global int *res g) {
int gid = get global id(0);
res_glgid] = a_glgid] + b_glgid];
}
") Lbuild()

res g = cl.Buffer (context, mf.WRITE ONLY, vector a.nbytes)
program.vectorSum (queue, vector a.shape, None, a g, b g, res g)

res np = np.empty like(vector a)
cl.enqueue copy(queue, res np, res g)

print ("PyOPENCL SUM OF TWO VECTORS")
print ("Platform Selected = %$s" $%$platform.name )
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$s" S$device.name)

print ("Device Selected =

print ("VECTOR LENGTH = %s" Svector dimension)
print ("INPUT VECTOR A")

print vector a

print ("INPUT VECTOR B")

print vector b

print ("OUTPUT VECTOR RESULT A + B")

print res np

assert (la.norm(res np -

i BRI T HH BT H SN AZRABL R T

(vector a + vector Db)))

< le-5

C:\Python CookBook\ Chapter 6 - GPU Programming with Python\Chapter 6 -

codes>python PyOpenCLParallellSum.py

Platform Selected = NVIDIA CUDA
Device Selected = GeForce GT 240

VECTOR LENGTH
INPUT VECTOR A
[ 0 29 88 46 68 93 81 3 58 44 95 20

100

59 99 3 26 68 62 16 13 63 28 77 57 59 45 52 89 16
0 42 96 23 86 64 88 20 26 96 45 28 53 75 53 39 83

31 18 42 34 70 21 28

85 99 49 93 23 39 1 89 39 87 62 29 51 66 5 66 48 53 66 8 51

67 38 22 88]

INPUT VECTOR B

[98 43 16 28 63 1 83 18 6 58 47 86

5 22 3 96 18 84 29 34 27 31 37 94 13
93 17 26 9 88 38 28 14 68 88 90 18
84 47 74 22 72 69 33 81 31 45 62 81
65 10 41]

OUTPUT VECTOR RESULT A + B
[ 98 72 104 74 131 094 164 21 64
84 75 146 75 24 180 64 121 6
72 134 55 179 73 91 84 158 38
66 28 56 164 111 176 82 094 60
114 183 96 167 45 111 70 122 120
157 59 86 7 92 132 95 103 32
SLRINSRE

81 69 85 25 89 39 47 29 47 48 20 86
6 18 95 30 66 19 29

3 29 96

59 29 60 68 19 51 37 46 99 27 4 94
89 3 90 57 85 66 63 8 74 21 18 34
6 40 30 70 93 75 0 45 86 15 10 29
66 69 14 71 96 91 51 35 4 63 36 28

102 142 106 140 98 145 93 108 90
122 86 146 45 47 90 59 114 151
140 40 47 65 111 59 60 79 109
56 166 138 103 53 120 139 54 93
118 107 91 132 132 74 80 119 149
129]

SNFROBIRL 5, BATE SR A&
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vector dimension = 100
vector a = np.random.randint (vector dimension, size= vector dimension)
vector b = np.random.randint (vector dimension, size= vector dimension)

A B A F T NumPy pR%Y np. random. randint (max integer, size of the vector)
BEALEFER 100 S

RIG, EFRIEAT WA et . ik, B ZE S PyOpenCL ) get_platform() 15
HEFET A

platform = cl.get platforms() [0]

MR LLE H, “F&ERBX N T NVIDIA 1) CUDA “F&. £, [fHFEH get_
device () JjiEikFE % .

device = platform.get devices () [0]

TEH: T RMARRG 58 SR SCRIBASI . PyOpenCL $245 1 1R 3¢ G HP 1546 ) FI A (i
)BTRS T

context = cl.Context ([device])
queue = cl.CommandQueue (context)

RNTERS LT IR, MM ELOEB RSN Bk, DR & WA
PN ZZPTIX (input buffer) :

mf = cl.mem flags
a g = cl.Buffer (context, mf.READ ONLY | mf.COPY HOST PTR,
hostbuf=vector a)
b g = cl.Buffer (context, mf.READ ONLY | mf.COPY HOST PTR,
hostbuf=vector b)

Ak, B I B A ] B G X

res g = cl.Buffer (context, mf.WRITE ONLY, vector a.nbytes)

B¢ Ji, 1E program FUE SOZ A%, BINAZARHD -

program = cl.Program(context,™ ""
__kernel void vectorSum(_ global const int *a g,  global const int
*b g, global int *res g) {
int gid = get global id(0);
res _glgid] = a glgid] + b_glgid];
}
") Lbuild()

WIZ A BRI vectorsum, ZHBIFRE LTINS HIOEHERR CEEaED Akt dk ¢
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B CEHmE.

TEPAZ R BT B, BN A2 2 A58 SR T

» ¥R EEES| : int gid = get_global_id(0)

» [EERYEMMEM : res_glgid] = a glgid] + b_glgid]

7E OpenCL FI PyOpenCL H1, ZZr X KM T B3¢, HATER & LA A X I A 24
BRI . &a, BAOMERS EIAT vectorsum

program.vectorSum (queue, vector a.shape, None, a g, b g, res g)

NT A ER SR, WE-ADEAE

res np = np.empty like(vector a)

W, BEREHBZAFES

cl.enqueue copy(queue, res np, res g)

BJe, TENEERL

print ("VECTOR LENGTH = %s" %vector dimension)
print ("INPUT VECTOR A")

print vector a

print ("INPUT VECTOR B")

print vector b

print ("OUTPUT VECTOR RESULT A + B")

print res np

HAVEH] assert IHAPR AL R . KRIEME R T IER, WWRFFNE Ko IR

assert (la.norm(res np - (vector a + vector b))) < le-5

{ERAPYyOpenCLMZETTERIANKE

L PyCUDA 24k, PyOpenCL 7 pyopencl.elementwise A &4t T 7E FLIRIT 5 (single
computational pass) HREIFIA XA TIRE . LIILTIRERI TS -

ElementwiseKernel (context, argument, operation, name,",",","
optional parameters)

» context : R RPIATIZETCERIRIEN A& B &4 .

» argument : XjE MR RS EARINE C ST

» operation: XN, I SIS RPIATIERIE.
» name : 5[5 ElementwiseKernel I Bk [ N AZ 44 K o
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» optional parameters : IXS8ZHT T 1%L FEA EE

BRI
TEARGIH, AR 76 Bk AR A B AR NI 5%, & IAE 100 NMoE. 44,
A SEIARS I A—FE, BURTRATH 2 ElementwiseKernel 28, 1R 7w :

import pyopencl as cl
import pyopencl.array as cl array
import numpy as np

context = cl.create some context ()

queue = cl.CommandQueue (context)
vector dimension = 100
vector a = cl array.to device

(
queue, np.random.randint (vector dimension, size=vector dimension))
vector b = cl array.to device(

queue, np.random.randint (vector dimension, size=vector dimension))
result vector = cl array.empty like(vector a)

elementwiseSum = cl.elementwise.ElementwiseKernel (
context, "int * a, int * b, int * <", "c[i]l=al[i] + bIl[i]"™, "sum")
elementwiseSum(vector a, vector b, result vector)

print ("PyOpenCL ELEMENTWISE SUM OF TWO VECTORS")
print ("VECTOR LENGTH = %s" % vector dimension)
print ("INPUT VECTOR A")

print vector a

print ("INPUT VECTOR B")

print vector b

print ("OUTPUT VECTOR RESULT A + B")

print result vector

ERACRS T

C:\Python CookBook\Chapter 6 - GPU Programming with Python\>python
PyOpenCLElementwise.py

Choose platform:

[0] <pyopencl.Platform 'NVIDIA CUDA' at 0x2cc6c40>

[1] <pyopencl.Platform 'Intel(R) OpenCL' at 0x3cf440>

Choice [0]:0

Set the environment variable PYOPENCL CTX='0' to avoid being asked again.
PyOpenCL ELEMENTWISE SUM OF TWO VECTORS
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VECTOR LENGTH

INPUT VECTOR
[70 95 47 53
64 79 44 94

50 43 39 71
30 64 44 34
27 18 1 40]
INPUT VECTOR
[82 32 72 9
29 38 56 49
20 91 20 61
92 91 84 59
46 82 12 66]

100

A

71 52 15 10 95 5 76 40 55 87 7 18 44 72 2 42
5 54 92 21 60 67 43 92 38 49 97 14 17 35 87 94
84 7 64 60 29 74 65 82 42 35 96 80 94 57 21 56
79 5 88 80 98 88 5 2 77 57 7 93 49 42 56 19

B

29 29 92
97 18 44
92 46 34
35 61 42

2
84
98
12

20 44 31 91
27 73 73 14
21 82 52 34
69 15 98 85

63 97 86 37
67 43 17 58
81 45 35 28
12 36 64 89

39 41 19
81 52 89
23 59 21
76 29 8

78
84
89
81

OUTPUT VECTOR RESULT A + B

[152
21
105
98
122
64

SLBURSHE

127
120

92
158
155
100

119
107
114

50
128
143

62
116
72
156
93
41

100
79
98

117

114
77

81
156
87
116
66
37

107
93
176
123
130
73

12
117
178

80

92
100

115
100
83
131
167
13

49
143
113
108
103
106]

107
102
145
117
103

131
72
104
116
87

118
136
70
42
89

184
105
134
145

93

93
87
59
141
71

FERIAR R AT, BATIN T P 2 7 s

import pyope
import pyope
import numpy

f#H cl.create some context () JiiEWIAAM 1 F 3. XK1k R e 348 AN BT S0k

(75
Choose platf

[0] <pyopenc
[1] <pyopenc

ncl as cl
ncl.array as cl array
as np

orm:
1.Platform
1.Platform

'NVIDIA CUDA'
'Intel (R) OpenCL'

at Ox2cc6cd0>
at 0x3cfd40>

SR, SEEIHLBAAY, TR ElementwiseKernel :

queue cl.C

ommandQueue (context)

P, QRN [ B RN 45 R 1 RS2 -

vector dimen
vector a = ¢
queue,

vector b

c
queue,

220

100
1 array.to device

sion

np.random.randint (vector dimension,
1 array.to _device

(
(
(
(

np.random.randint (vector dimension,

47 86 58 87
3 17 87 24

94 8 3 94
81 36 19 24

60 30 21 69
80 96 58 80
47 75 49 43
62 5 58 13

55
140
132

83
182

83 113
116 106
176 53

52 137
125 71

size=vector dimension))

size=vector dimension))
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result vector = cl array.empty like (vector a)

A& vector a fll vector b # &4 &, % NiEid NumPy [ random.radint
BRECGRAF PIBENLAE . #2358 H ) PyOpenCL 15 A4 4\ 1) & & i) B 1 £ -

cl.array to device (queue,array)

)5, B ElementwiseKernel %4 .
elementwiseSum = cl.elementwise.ElementwiseKernel (context, "int *a, int *b,
int *c¢", "c[i] = al[i] + b[i]", "sum")

FEIXATARAG

» IESEEBESE—NEFBEY, %308 C TR GUNEHO.

» A C RBBEPATEAE, RRE & A48,

> R T RmIENZ.

PRk, AEA B SR elementwiseSum iR -

elementwiseSum(vector a, vector b, result vector)

APl 5 24T EVEN [ B LA SRS I 45 2R

print vector a
print vector b
print result vector

{5/ PyOpenCL lif GPU hiFd

A, AT T CPU M GPU Z [T REZE 7. FEITIAIT S SVETEREZ AT, BER
BEAT I AT F & o e b, R R G R B ARRFIE S R0 THERLN 8], J& T 55 S B BRI B &R .

FAVEH a0 S LA AT I

» GPU : GeForce GT 240

» CPU : Intel Core2 Duo 2.33 GHz
» RAM : DDR2 4 GB

BRI

FERUMAR A, B E S IF LB — AN SR E TR ], 1208 FOR SR AN &2 f,
TRV S T TR, FERANAS [ bR A SE DA [R] A HR A

BE-ANERBAER CPU, 5 ANNEH PyOpenCL 4S5, FFFIH GPU BHATIH5H .. Ml fd
FA IR N N R 4E 8 10 000 TG R 1 & .
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MAAACES R
from time import time # SANFE]THE

import pyopencl as cl

import numpy as np

import PyOpeClDeviceInfo as device info
import numpy.linalg as la

# NI
= np.random.rand(10000) .astype (np.float32)
b = np.random.rand(10000) .astype (np.float32)

g
|

def test cpu vector sum(a, b):
c _cpu = np.empty like(a)
cpu_start time = time ()
for i in range (10000) :

for j in range (10000) :

c cpuli] = ali] + b[i]
cpu _end time = time ()
print ("CPU Time: {0} s".format(cpu end time - cpu start time))

return c_cpu

def test gpu vector sum(a, b):
# E X PyOpenCL I FX
platform = cl.get platforms() [0]

device = platform.get devices () [0]
context = cl.Context ([device])
queue = cl.CommandQueue (context,

properties=cl.command queue properties.PROFILING ENABLE)

# SR A

a buffer = cl.Buffer\

(context,

cl.mem flags.READ ONLY

| cl.mem flags.COPY HOST PTR, hostbuf=a)
b buffer = cl.Buffer\

(context,

cl.mem flags.READ ONLY

| cl.mem flags.COPY HOST PTR, hostbuf=b)
c_buffer = cl.Buffer\

(context,

cl.mem flags.WRITE ONLY, b.nbytes)
program = cl.Program(context, """
~_kernel void sum(_ global const float *a,
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__global const float *b,
__global float *c)

int 1 = get global id(0);
int j;

for(j = 0; J < 10000; j++)
{

cl[i] = aflil + blil;
}
}ll"ll) .bulld()
# I cru M
gpu_start time = time ()

event = program.sum(queue, a.shape, None,
a buffer, b buffer, c buffer)
event.wait ()
elapsed = le-9* (event.profile.end - event.profile.start)
print ("GPU Kernel evaluation Time: {0} s".format (elapsed))
c gpu = np.empty like(a)
cl.enqueue read buffer(queue, c buffer, c gpu).wait ()
gpu_end time = time ()
print ("GPU Time: {0} s".format (gpu end time - gpu start time))
return c_gpu

# JTRIK

if

__name == " main
# ITENBAER
device info.print device info()

# 7€ cpu BN

cpu result = test cpu vector sum(a, b)

# £ GPu LI

gpu_result = test gpu vector sum(a, b)

#

assert (la.norm(cpu result - gpu result)) < le-5

TRt R s, HARATEL 7 AT I B 5 R

C:\Python Cook\Chapter 6 - GPU Programming with Python\Chapter 6 -
codes>python PyOpenCLTestApplication.py

OpenCL Platforms and Devices

Platform - Name: NVIDIA CUDA

Platform - Vendor: NVIDIA Corporation
Platform - Version: OpenCL 1.1 CUDA 6.0.1
Platform - Profile: FULL_PROFILE
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Device - Name: GeForce GT 240

Device - Type: GPU

Device - Max Clock Speed: 1340 Mhz
Device - Compute Units: 12

Device - Local Memory: 16 KB

Device - Constant Memory: 64 KB
Device - Global Memory: 1 GB

Device - Max Buffer/Image Size: 256 MB
Device - Max Work Group Size: 512

Platform - Name: Intel(R) OpenCL
Platform - Vendor: 1Intel(R) Corporation
Platform - Version: OpenCL 1.2
Platform - Profile: FULL_PROFILE
Device - Name: Intel(R) Core(TM)2 Duo CPU E6550 @ 2.33GHz
Device - Type: CPU
Device - Max Clock Speed: 2330 Mhz
Device - Compute Units: 2
Device - Local Memory: 32 KB
Device - Constant Memory: 128 KB
Device - Global Memory: 2 GB
Device - Max Buffer/Image Size: 512 MB
Device - Max Work Group Size: 8192

CPU Time: 71.9769999981 s
GPU Kernel Time: 0.075756608 s
GPU Time: 0.0809998512268 s

SR BT EIT IR, B2 REN R GPU B RITHEH I

SRl
an bRk, WA EE WSy, RITE CPU BT IS RIZE GPU iz AT Y. s 4T Pish
ARbY, I HEB AT I ]
XPTAE CPU _LIg47 ik, ST —> test_cpu vector sum pR#f, HIXF 10 000 /N &
TEER AR ALK -
cpu start time = time ()
for i in range (10000) :

for j in range (10000) :
c_cpuli] = ali]l + bl[i]
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cpu _end time = time ()

XFER i AN TR ORARER AT 10 120k, 2SRRI R BT
CPU 2 IZ4T I [H)H 52 AR PN ) 2 22

CPU Time = cpu end time - cpu start time

N7 GPU FRASIZ AT I8 8], FRATTET % PyOpenCL 5B 17— R 3 #LE L

> B A AN BTN SO E S

> WEHATBAS.

> FERE BRI T HAT IR AR X (ZRGEIX, 405 Ol a_buffer, b buf-
fer, c buffer),

> HEA.

> PATAZRA]
gpu_start time = time ()

event = program.sum(queue, a.shape, None,
a buffer, b buffer, c buffer)

cl.enqueue read buffer (queue, c buffer, c_gpu).wait()
gpu_end time = time ()

IXH, GPU Time = gpu end time - gpu start time,

e, BAE R AR A, BLRBLATSE LI print_device info() :
if name == " main ":

device info.print device info()

cpu_result = test cpu vector sum(a, b)

gpu_result = test gpu vector sum(a, b)
assert (la.norm(cpu result - gpu result)) < le-5

A T assert IAME LR, WIIES R T IER, WORFA 9B 51 R HE R .
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