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end do end do end do

Task 1 Task 2 Task 3
R IFATIE AR

AT AT

B HATROBIE ST T — R YE, B EET 8 Et T ES A S ARG 0 s RAEE R o o F
— AR, EFHT AR ERITRZENERIES

v (£S5 57

\EE T

v BE&E

v st

(E5518

BRE— B, TEEMEL, SR AW RIS RS, TR RIS T ST
fe o AT SERUX AR, T EMER LA T RTRT I -

v OSUBUAMR: HITEEER TR R TR F A SR T B R R A LAY o M AR R
TR 8 2 8 R 7 0 =

v IR XA T, ERRARNES, IS A tEFE T REUE TR -

{£555H0

XM BT SIS 2 KBNS MRS EOHUE o X MBAEREE, Y ESTEA M LS T
BRI EHLE - EXE, AEHELNEE, L, PSR RN TR, AR B K H i
B - N THEX A, BEABRESENRAL MTREENRENE, ATERREEFNLAES FARE S0
%o B, BEREESIOHENE, BRI Y AR, BRI R LR R
R -

s

BRI IMES 5 A5 & B — RN TTRH A AR - AT T R BT W B IR 59— R 5
{125, (BIESEURTmMr o RO B HOR RN PHEOHLIE R E R b BA R IME S5 TS IR (7 222
HNGPUIN AT LR R N, BT BT 2 M A L F R SR ROMI 0 E S 3Ras) | AR R
fFGRetty - — Mok, R MRS B E SRR S ARITERE, TN EES - K SBOEREIRMRI
SRHERISIERE Y, SUEERFEHARENRM (LS TCPERNEANER) - MREST N, FAX
FEE RN BIRE 5 R S B R -

et

AT RO AR OBTI L, TR S EGT o H B PR BT B BAR © X BB
AL, TR T R [ S o

v S (SR (55 RO ] — A HEL85 o S R B o

v LU KT 0 45 RO R R AL S 38 o L B389 4 1 =

BB, HINPSZA o B, ORI, HERAEAERT EIN £ RN AT £ o S TR K MIES
DLRARE B BB A (E e, MU SR EEAN GET LUT B8 LS B B F R B SRH (E 45 B -
R, HEAE5 15 A TS R4 MES 0 DA RANT A3, 54 SR H— R R 5 s
BT o T KIRE, Tl TR DL R B 15 T R R TR S LAY SRR o BORh DRI R BT 8
EERESRLEDLMER - M TXRGE, 7TOMEREAM GRS, o BE T -



BB

AR RS Z B3RS, AeRn, BERII - £ REEFENFITIHTEE2RNER, X
BE XINRBIEA - BEEE AR TRE TESASNER, MTRREIRNE, XREETHRA, NEHES
R MARE GG 2B - Nt , RARBRGTRBHORE 2, (HEERAIBAI S AOHITHR « 4RER T
PUTTFRB RS ARIMESS Z AARAE S, AR AFA T AT 68 AR S5 VA L B R T (L AL B A 2 R R S5 AN B . B3R
8 o EESHERIZH R4S —MESH, ESE2EENX M T, FHEIUTERL -

IR AR AT, TR R4

EEEMTE

IR PRI ASBAEE, FrE B H B 2 R R P O E B o B & N[ 6 F & A0R (R S5 R
SREER o IXFPIRREXT TRE B WA B R ] B2 RoE A HY o A LLE I 1R B RIUESS (i@ F 5T R Z At E &
RBGH LN o

BRI EEE UTE

REEHEE/PITEN—NEM, EA—TFoAER SITERRISEAHE, 81045 H OREEEMR
B o XEHEHE XS P REEETEE HEEEZABALUERE) | FNHITE 2 NAEEEREIFRES -
RER BB L NEEE £, SHWRIEIITEHNE —MEEEERIES, AT DA E S &L
HERT o

EHO

FEXFEEF, — IR R O - B CESR 2T H CESt, FS5HEAAEREFEERIES - —1
AL PRAR R H AL B AR RIE SRAEFS I T A FRY, X AR WA RERY ©

AR P AT AR RO BE

FATIMIEN AR R ER YRR B S W AT RIAVERERV IR RO NI . XA ] LU E BE AR TT 5 » SKhR
£, AT ERI R SAE T BRI [R] YRR AR o F2ME0% B ARHI R 2R B BORE (R A ~ AR 4T
FEULR BT AR FAT R SE » O TS — ., HATSIATEANB S, E2WBNERFIIFrREHTE
% o HME R ot 5 BRI AR S IR EORA ALY -

AT HE—, BAFIANT —LPhaesEbn: Ik ~ ReR 5 A {H4ETt -

BTk /R RS T AT IR RIRRS, BV — D ST EIRR T ETERY, 1ok, TATTDA s e -

JiIpES

g —FERET R, HFRRUFTHRBR AT R - ERESGE, ERMEETTR ERR— A
RBFTAE B I (B Tg bR LAZEp 1> AH R R AL BE T 2R _E AR (R (2] R0 BT A8 B RS (R T, -

ﬁM%SZ%;%%%ME°W%$p%Mﬂ@ﬁ%&ﬁ%,ﬁﬁﬁm%ﬁ@%ﬁiﬁm,%Zmﬁﬁﬁm%
P

BT © 4R, BORBRARMEUL o TR LN R (TR FIR, IR A, HTgR A B 3T EE I
PRI LI, T AR o

TEARE B XA

v S=p RSB T -

v S<pRESEAIIE -

v S>pR AL -

B

EEAE R, A M R T RAMIE S Tp o 93, SXRAHMLIEI « WHWI T, —Lit )
SRS AS AR L o JRE— MERER, T2 BN LTRSS AR 0, Ak
—MES A FI I -

T,

S
RITHEETHE, X E=—= o M IR BIERUEE N, EHMIBN T, EEE/NTF1 - t R
p pT
P

TEEABFE I
v HME=18f, BE&LEMER -



v HE<1E, ERELERE -

v YE< <IBF, SXE—DIHATREMREAI A

] g

FIFAEVEFR AR FFATHLERAORLEE - ERITHEAE) (HUTHE) FRUACESEENE - R mEMEE R, FELt
HERAE BR8N, BAMREASHIFEDN B IAENET, et 252 R RN MR sE sk

fE °
BA] S5k R RE
BAT dkak R AR F TR T AL B AR 5 AT BIER I (IR RE B o B R T AR SRR B R 2 AR PR B AT

1
BEFTREr: S z-l—-—P, Her, 1-PFRREFHRISRTAN GEIHTED) o XEWEWR—PMEF H90%H1L

MR R FATHY, (BA10%HCH BERFFHIT, B4 AREHI R AR INEZ9, BN T IERRECE AL B AR KA TR AN
it o

HHTE e

HHTEE R E R E T T R

v TESGIN AR LR, HEATER D PRI o

v EHEINAL B SR ECER, A AR P AL B R TAR RIS -

XEHS (P) =P-a (P-1) , HAPELHEBEE, SEME, o EAHITHEFIAIATE D o & SMIA/RE
AR, BTtk /R RN BRI STIS LR E e R, BB M ERRAHATHUTES A &b » R, Pk /R €
PR T [ R BOX B — MBI BRI MR &R TIERF A 2REENL G e (A1 EE) e emas
U o HHTEREREEARR T PR R BV, J5EHFARRRRESE g LR 2T AR R S BEN - EX
B, R AT IR AR R T SR (R B e (0 U R P B T R R AR S Rk, BT iX—m, EfR TRk R E A

B o

Python{& /1

Python@—[ 138K ~ sh SRR RIZETE S, | 2SN AT o HEZEREI T s

v BTN B A AT

v A REMERE, EIBMEEER, T G AR R A ~ HESGH S -

v G T PGEI & S5 EE ST Python ISR FF & Pk, AT DUAFIC/C++AI10f5 LA L -

v BEETREERHE -

v BAEARIIHNATIEE

v BEFESESHAX

A AR Python BEAE— TRUKIE S o fEBPython, FdTrI LI & M RN, FAAFREPIFEF A 7] LAE— 50
B EWE o than, @Rl AR, C/C++18F7 B AT LIl m AU E R L, TR —50 H iR2E KN AT L% 5 Python
TR SR X LR, o Rl R TS IRERRIBIE S, C/C++12F B TCAl T X B il K AR 2E N2

Al LA 3 3 https:  //www.python.org/doc/essays/omg-darpa-mcc-position | fi# 5 22 ¢ TiX A HFI N A ©

e TAE

A L Mhttps: //www.python.org/downloads/ ~ #Python °

F IR AT LU Notepad 5% /& TextEdit> K 4% 5 Pythonf2 [, (HARS & IUF A B LM% (IDE) RSN E Ri52
FEINEERR ©

BIRZ %[ ¥ % Python% T HIIDE, WIIDLE (http: //www.python.org/idle) ~ PyCharm
(https: //www.jetbrains.com/pycharm/) A Sublime Text (http: //www.sublimetext.com/) %5 °

BRI
N AR E — e R A B AR R B DL T @ Python U4 o i04E, £F5 > > > FIRPython shell °
v gﬂfﬁ%{/ﬁ



>>> # XZEER
>>> width = 20
>>> height = 5*9
>>> width * height
900

FATHFHX & — R iR 1A 7EPython shell FAIFET, 41 FEIFTR o

[ |

File Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bdBafb%90ebf2, Sep 29 2012, 10:55:48) [MS5C v.1600 32 bit (Intel)] *
on win3z

Type "copyright™, "credits"™ or "license ()™ for more information.
>»» #Thi=z i= a comment

»»>» width = 20

»>>»>» height = 5%98

>»» width * height

800

g e 3

ILn: 8|Colk: 4

THERE B HAEAIR S o

v EREF
>>> a=1.5+0.5j
>>> a.real

1.5
>>> a.imag
0.5
>>> abs(a) # sqgrt(a.real**2 + a.imag**2)
5.0
v ERFERRE:
>>> word = 'Help' + 'A'
>>> word
'"HelpA'
>>> word[4]
Y
>>> word[0:2]
'He'
>>> word[-1]1 # g TF4F
A"

v € FIFE:



>>> a = ['spam', 'eggs', 100, 1234]
>>> al[0]
'spam'
>>> a[3]
1234
>>> a[-2]
100
>>> a[l:-1]
['eggs', 100]
>>> len(a)
£
v whilefFER:
# EPRRED
>>> while b < 10:
print b
a, b =D>b, atb

1
2
3
5
8
\ Al

B2 Hinput () B AJHHA— 1 EBEL
> > >x=int(input( ~Please enter an integer here: ")) Please enter an integer here:

SRJE R A BB KB AR

>>>if x < 0:

e & o print ('the number is negative')
...elif x == 0:

e print ('the number is zero')
swBllE = == 1k

. print ('the number is one')
...else:

- print ('More')

. s s

v for{GEf:



>>> # HEPEHFHKE:

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

% B print (x, len(x))

cat 3

window 6

defenestrate 12
Vﬁfi@ﬁ:

>>> def fib(n): # 5 H Bl 2E R AR R E )

oo TEN Bl R B
- o a, &= 0, 1

— while b < n:

- print (B).

- 2 o a, b =Db, a+b

>>> # PLEHHNIA & CHT R
swm ELD(2000]

112358 13 21 34 55 89 144 233 377 610 987 1597
v SRR
>>> import math

>>> math.sin (1)

0.8414709848078965

>>> from math import *
>>> log(1l)
0.0



>>> class Complex:

def init (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

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

(3.0, -4.5)
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ATHITX DRG], FEEALTHEF:
Vv called_Process.py
Vv calling_Process.py

A] LUf# FPython IDE  (3.3.0) ZmiEiX 260
called_Process.py 3RO AN N AT/ :

print ("Hello Python Parallel Cookbook!!")
closelnput = raw_input("Press ENTER to exit")
print "Closing calledProcess"

calling_Process.py SRS UT T A7 :

AT
import os

import sys

## T SR Z AT A
program = "python"
print ("Process calling")

arguments = ["called Process.py"]

##i§ [ called Process.pyfiiA
os.execvp(program, (program,) + tuple(arguments))

print ("Good Bye!!")

BRI TR B, 7E1¥ FPython IDEF] Ffcalling_Process.pyf2/¥, X/5#% & _LAIFSHE -
1R #EPython shell & 41 F HiH ©

Eile 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 (In;l
tel)] on win32

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

>>> RESTART
>>>

Process calling

5]

Ln:6 ‘[Col: 0

RIS, BERSFRM TR ©



ChUsers\Utente\Anacondalpython.exe | = |-=) ’F"?"hj

Hello Python Parallel Cookboolkt? P
Press EMTER to exit_

REAWERREET, BECHRERGI R, RHEHE MEaE B EEmaIar -

LI

e Lﬁ_ﬁ‘{ﬂﬂf{ execvp AU EN T — iR, M T HRIHIERE - &, “Good Bye{HEKIZNEHHTEHIH
Ko MR, ERTEMERE Efjﬁji;é\%jjcalled Process.pyJEEfF, FRF2NZEOTHMENMILSE, FHAREBEZ

B, 73‘):@)1?!21 HTHIEAE 22 BERRIZITE © called_Process.pyH i< input () A AT EHBRIERAGIDRIIKM © £
RXNLTER T HRRRFATH, HAREEFER T s Zﬁi@Pythonﬁﬁ%ﬂ%mfiﬁﬁﬁﬁﬁﬁ FHATHAT -

F157F Python - % FH 412

wnbE—T ik, ETERENIHITERE HITEFIMET R o TN, PythonffRESsHIETE L BEELEMN - T X
2 L IERPythontR ¥, T 1S Z N2 R (Global Interpreter Lock) A4 mE o IXEMRETER —HZ R
— MRS HUTPythonfUiE; 7E—/NEIAT (Bl E B2 Y — MR S EF 2L Tt — BT B, PythonZ HENTJ#ZE T
—ERE o GILFHAN @ LLUBFRARET HRYMIRE o iR 2 MR ZTIRE— N 2E8dE, B4 ETLTA—ErREs
T o

EZBHEH, FATRE SN AU 7EPythonF2 T H ANl B MR FE o

HARSEIY

HTHITZ RG], FlFERE — 14 HhelloPythonWithThreads.py TR 7 :



#4# TR 2R FE, T i@ A AAY 5 A\ Thread:

from threading import Thread

#4 {1 sleep PR K1 F 2672 “BRAR

from time import sleep

## EAEEPython T EIRE 2R, THEILBREAE —F LI
## LTI, MZ1EZE4k K H Thread s
class CookBook (Thread) :
def init (self):
Thread. init (self)
self.message = "Hello Parallel Python CookBook!!\n"

## T INE R SFTEHIHE R
def print message(self):

print (self.message)

## run VR 28 H AT 104K
def run(self):

print ("Thread Starting\n")

x=0

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

print ("Thread Ended\n")

# T8 bR

print ("Process Started")



# 1) 2 HelloWorld 28 [ — > S 451)
hello Python = CookBook ()

#ITEHNEE, Rahskis
hello Python.start()

# 2k Fak e
print ("Process Ended")

BAZATIZR B, 1 1EPython IDEH T J-calling_Process.pyf2/F, SR/51% NEt# FAYFSHE o
1R &7 Python shell & ZI 11T B frm Ay 1 o

ARk . e

'_Eh[e Edit Shell Debug Options Windows Help i”‘
Python 3.3.0 (v3.3.0:bd8afb90ebf2, Sep 29 2012, 10:55:48) [MSC v.1600 32 bit (Intel 4
)] on win3iz

I

Type "copyright™, "credits"™ or "license(}™ for more information.
il >>> RESTART

SR

Eroce=zz Started
Thread Starting
Brocess Ended

Hello Parallel Python CookBook!!
b O

Hello Parallel Python CookBook!!
Hello Parallel Python CookBook!!
Hello Parallel Pyvthon CookBook!!
Hello Parallel Python CookBook!!
Hello Parallel Python CookBook!!
Hello Parallel Fython CookBook!!
Hello Parallel Python CookBook!!
Hello Parallel Python CookBook!!

Hello Parallel Python CookBook!!

Thread Ended

SIS
BARAERFOEPITESE, BELIBE2BRNPMREITENER o ZRFIER TRV £— DI RE P
BRI FESS

TR FIEAERT, SR8 B R IO AN EALETEARAE R BIB1T » X2 —FhIEH ZgIE T, RS KRB
FAR bR Y & o



2 B BAEHIHHAT

AEFEENE:

v 4{A] {5 F Python ) £ FE AR R
v WA E LR

v WA RE 2 AR A2

v AT AE 2R R 2R

v {# F Lock5 RLock SE IR A2 ]
v FHESEXIEER D
v (SR SRR [F] A

v (SRR R A

v A {5 A withiF A

v (i FIPAS SN

v 2 EAEN R RE

v SRR B

M4

HAr, EEENAF, EREON ZHF A EEEEE SR T 28EM - —fokid, MAZHBE M ERED
Y, XN SR N2 DML AR, XEEREFOR AR, ENHF e, RN SES -

BIRXFHIRIE RS & 52U A _EROBRIE DU TR R — L mR, AL T 2B IR AARIE 2 77
7 o

KPR L, HAEIFrARBRERSEHIGFZ AR, JLPFIraRIgmIEE 5 &R 0t 1@ SRR KB & B A RIALAE]

R, ZEIEgMIEZTCRE R LIIF AN A — D EEER - A, B IR — 2l A  Hh—20r %, He—
LOTT A ERE & LS o

HREE — MHSLAVRITIR, RGP E DERE R DUFAT Mot Z3UT - 2SR U ERERS BR, IR T A8
W E(E B - SRE SRR B ASKIIBUR TN A s T iBER ST, At — Bk, KRR THRN, F—tiE
FHIRRISRERZ L8R - 52K, AR S HFZENRIBE -

—NERERMINITTRMA: BFITEE - FEaEHK o F— MR RSiE 2 A TR A B R S RER
GUBGR o RUUTUERE, SRR E B ORBUTIRE, FFEAT LIRS  — MERRRIPITIRESR LI It ~ sith S
PHZE o — M LRIAVERER H) S R R FT AR AFRO AT, FrAl 2 R AR 2L E S, HhE8 M0 — 1%
2 o AHHCTHERERAL, (EH SRR T IEREDT T, AR Z (RIAY_E R SO AN 2 L ] — A IR Z (R R D)k
BARRE

LR REgR e A T A A5 B RS INAAR 2 (AIRIE S o JX MR 1S 2 AR IR A T 2R AR AL T X4
ZS (A -

{5 Fi Python At 22 FEAF

Python/&:# 17 Python PRk T i Y threading F R FRLGARAY o ZBIRIE M T —SdE W AIRAVEE, HRETERE
N RZBGERRE, KPRl SRERIEE T LA RS SSI R L -

LR AR

v HRENR

v Lock¥f %

¥ RLock*¥f %

v FE5ENR

v RS

v ERS

TETHELEE S, FA TR B N R G- BRI TR B & PR E o X T X SR FRuE, FAT& M
Python 3.3kt A (b i FPython 2.7t 7% [RIH)  ©



BRI RE LA RE

5 FH AR AT A0 7 TR — 1 B ECREFILE, A Hstart () F{EEEIFIE TAE o Pythonfiik
threading#&fit T Thread () 7514 THENFRIEREF B THES HEL
class threading.Thread (group=None,
target=None,
name=None,
args=(),
kwargs={1})
1 e ARG, T AR & LR R e
¥ group: JXiE groupf{E, RiZHNone; iXZ—MREZE, HARRSLIFTA -
v target: IXJE—MER I — RGN RS PUTRIEREL -
v name: ZZREMATF; TEBINEOLTN, B N Thread-NRMHE—IZ FRIA T -
v args: XaEfEE BRI — P SHOTA -
v kwargs: X — M REFSEFM, HERREFTH -
BB MERBIH S (GFEEZMM AEE) RBRAERIEFAERMN  ZrfE®S T — 18T, EE%E
INETTENHEER -
HARSIH
THREE LR SRRSO E AR, N TZRFIEN, EEJUTHRERER.

idﬂ

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=(1,))
threads.append (t)
t.start ()
st )
AR R AN B TR o



Pythom 3.3.0 (v3.3.0:bdB8afb80ebd?, Sep 29 2012, 10:55:48) [M5C v».1600 32 bit (Int =
#1}] on windZ

Iype "copyright®; "credita®™ or "license()® for more information.

e - == = == EFSTART srmszmsssssmsssssssrsssssscessss
R332

function called by thread 0

function called by thread 3

function called by thread 2

function called by chread 1

function called by thread 4

Yy

| Lre10/Cok 4

ERZAE AR, T LOES H 7 SRR, KPR L, 2 AR SRR FbRERT HITENSE R, D e Y
FETCIEHER -

SEAIAE A
BEARSAGERER, N T Pythonfii &
import threading

EERFF, FfEL Thread A1 — 144 Hyfunctionf) HFRERECEFIL T —MNERER 1AL, DR — PSR 3%
TiZEE, EESERLEEF:

t=threading.Thread(target=function,args=(i,))

HE VA Astart () JTHENEEASHIGZIT, join () FTESSBOIRNEESR, BEIEMTEES:

t.start()

t.join()

AR B E = ATHY 2R

EAZEORIRRE R i A A2 BB A LR - B MEAELFIR A THE —MEOME, I BAEQZAZR T LL
BEOXME - IRSMARATRESHE Z MIRSERE, ENCEANFERRE, SRR TmAmRER T -

HARSEEL
N T BN EAREASAT, HAIGE3D BIREE, S A imeBRAE E AT



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)

t2 = threading.Thread\
(name="'second_function', target=second function)
t3 = threading.Thread\
(name="'third function', target=third function)
tl.start ()
t2.start ()
t3.start ()

o T ERTR e



?Py:hm Shell E=AEER

Eile Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bdB8afbS0ebf2, Sep 29 2012, 10:55:48) [M5C v.1&00 32 bit (Intel)] on win32 =
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B RESTART
gl 3

first function is Starting
zecond function is Starting
third function is Starting

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

SEAKE R
HAVER D BARERBORE L — AR o WAL, 1BfFd T2, X MEFEUITEIHR, WREAEE SO%4
. R A S E RN

t1=threading. Thread (name=" FJrst_function” , target=F3rst_function)

it

t2=threading.Thread(name=’ second_function”’ ,2target=second_function)
t3=threading.Thread(target=third_function)

BTk, WXLty Hstare () Sjoin () J71%:

t1.start()

t2.start()

t3.start()

t1.join()

t2.join()

t3.join()

AAfATFE T 2R R Ak

BRI LRSI IR AR, IRTRELXEL

v & SUHHI Thread KA+ ©

v H5 init_ (self[, args]) JT{ERMIMBIMIZEL -

v TR, TEESn (self [, args]) J71EREIMZIERE DG T EMITERF -

— H A #A I Thread TR /5, RBLAT LAAIEE B RYSEFI H @ i Astart () FFIERFBFIVEET, start () FiE
N&Amun () HE -

H ARSI

NTEFRPEIERE, FM1E L TmyThreadZt -« EEM N1, HHAFEETEESECRES.




import threading
import time

exitFlag = 0

class myThread (threading.Thread):

def init (self, threadlD, 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

# Qa2
threadl = myThread(l, "Thread-1", 1)

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

# BB

threadl.start ()
thread2.start ()

print ("Exiting Main Thread")

AT B, H SR T ERTR



[ -
T =

Eile 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 _:J
il Type "copyright™, "credits™ or "license()"™ for more information.

>>> RESTART
>

Starting Thread-1

Starting Thread-2

Thread-1: Sun Apr 12 15:42:00 2015
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
>>>

Ln: 24 Col: 4

SR
IR R S AR R o B SR ERIR, R T Thread X H 5 Trun () J7
o BN, LM N GRRATEIA S  EERFE, Rl 10/8 T myThread KA LM, Ystare () Jr kA
. BRRBA T o A Thread K ATHIZE T EE L TEHD, SXRERLET LA e S RRA— L RIE T IR AT
S o Eflsare () TR, AERSATESRS, FEHETE Hilun O FERUTEESRIH TR
R o U TR LS, AR T o
join () fird R FSRAN BB A0 110 -

¥ F Lock 5 RLockSE I 2 F2 [F] 2

HETHRERENH A E MEEZAFRENTE, HFEEDE - M RIERB B SREIRRPIRASR,, X AR
BlRARNRPIE, e SECGEESRME, FHIASGERNIEIIT ~ Bug bl RBIMITTH » RRTEEFEE # 075X
B o BHIRIEIRE R, S — M ERRER B R E N R — 0 i, e LA A R AR 0 /Y
B o AN, FESERIRIEE, SRR 2 IR B, XA E A AERIARHER 9> 7 T DA A AR B F B AR B
H o 3B M T, BREER EARARE R, EOv TR, EXBERERERE NG Z, A —
MNEAERENS (E A L E NAERDX AR » BRI, (HBUE R DUEH TAERY » NdAESLIRER T, RSB EXMITH
HHSSEOHMMA L - SEHRIHBLE ROV R AR A S, XSS TRV B, BRI TCIR4REEN
FTHRAE - JEBIR RE B T ERTR



- - 1128
RIBAZS REBETH
LEBIFE e e e RIEAITE
g g2
REAT . — B EBE
B R B2 AL e

Je

HFRRIER, RS X, B HERAR (SEASKER) | AREER KR 152 -
BRARATE R, SRR B  fEXMER T, XFASRESARENE O, — T LU
T o Ao, WRBEERIEIZ A, SRABERIRIS, SEBEERIRIAR, BT TR MR B
fy o s TFH AR E BT A M AW, FIT S HEIRS R RO L - XTI R ST
BB - X Frl (FABORSEIR S, — TR L RIEEEE NG, B TR T A
W -

PR, B IANYRT % lock () HIPython SRR FIAHLA] » 7T LI 46 5 — A 20 S5 B R e 7

MR B RBALRAE b o EDIRRRFPAV L EBTRRT, AR LB SREEIS], T R L B H A AR D)
[ 214 [ Y BER o
FARSEE

AT RBIER T A i lock () HLERE LA (B HAEMW DKL, 725 Zincre-ment () Sdecrement () °
BIE 2N ERIRE, FEMNSEOEE, B0 REEEEAZDE SRR T © 1ih, BDREEE —MEEr,
70 5l R B B SN e R B A E RURRIE - Bl R ERRE DT F R S8, TS RE TR ELEN
B, ZHEZRWIRENO

N AN T I o N AW B L Sh NN DR S e 1149 | Wy =



import threading

shared_resource_with_ lock e

shared resource with no lock

COUNT =

100000

shared_resource_lock = threading.Lock()

#H OUE T H#

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 i in range (COUNT) :

shared_resource_lock.acquire ()

shared_resource with lock -

= 1

shared resource lock.release()

#### A BUE P #4
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
#### TP
if mname == " 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 ()



t3.start ()

t4.start ()

tl.join()

£2.J818()

E3 s»joind)

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)

TEFRIERRFBITE R

74 pyvon snet_ R ==
Eile 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
>>>

the value of shared variable with lock management is 0

the value of shared variable without lock management is -28050
>>> |

WAL, (SN SBHES T8 T ERROMAR 8, 1E MBI iR A S R R 5 5
R -

SIS AR
ETEHHE T

t1=threading.Thread(target=increment_with_lock)

t2=threading.Thread(target=decrement_with_lock)
BT REThE&AR:

t1.start()

t2.start()

RIG LI

tl.join()

t2.join()

TFincrement_with_lock () 5 decrement_with_lock () EKE(F, {R&SBEEANMGE AP HE o HFEVRITIRE, A
Flacquire () RFEEH (WHELE, FEFHEOVEN) | I Hrelease () RBEHHI:

shared_resource_lock.acquire()

shared_resource_with_lock-=1

shared_resource_lock.release()

MR EE T o

v BUEPMEIRES: EBiSR BB -

v BWFAEHTHIAY: acquire () Srelease ()

AR -

v AR ENAR LB, Hacquire () SFRIREECH L8 -

v NSRS BB, Hacquire () £FHZE, BEF|HALE Arelease () Hik o
v WERA AR LB, FHrelease () &5 ZRuntimeErrori i °




v SRS BB, i Hrelease () 2 RPIRASBCH A R8T -

FIVAT

BRI EALCFRREAT, BB S SECTERIEBIE SR HIL, 5 TR AL & 7 A A A RN o X
—FRSTRIMIE, EASEE TN —ERBLERSA, BIRaxH R ARGt K& rT S = AR o thoh, BiRiE
ML & 5% 2 AR E N ERI MR TR E MR - &5, WEERRAERE, O THRINAEERE
() I 2B ER L IR o it, Fef 77208 H A7 2R B R E AR R 22 07 (R R o SE A5 5 4 o

f ARLockSE I A2 [F]

SR RABLE IR BB RO SRR B!, B B — T RLock () &% o KM FLock () X%, RLock () X%t
BWATJ7E: acquire () Srelease () o UISRALTERIINEBELINELREL 2T, RN FHREERAMRNTE, X
FfRLock () BAEEAHT °

HRSEHL

RIS, FATIIANTBoxE, Efifadd () Sremove () FiE, FEEHET Xexecute () JFIERIPIIA] o 53X
FATH AT DAEAT A D MR 4% H RIBHIE © Xfexecute () J7iERIVI A28 RLock () HRE R

import threading
import time
class Box(object) :
lock = threading.RLock ()
def init (self):
self.total items = O



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

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

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

## XS R BT B R FE P IE AT iR
## J 18 FHBox 1) J5 1

def adder (box,items) :
while items > O0:
print ("adding 1 item in the box\n")
box.add ()
time.sleep(5)
items -= 1

def remover (box,items) :
while items > O0:
print ("removing 1 item in the box")
box.remove ()
time.sleep(5)
items -= 1

## R P A YRR R IR AR
## A LLIEH TAF

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.gtart()

tl.join()

t2.join()

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



LA

FEERFS, HEET LR, FAER0SMHEME KB B $adder () Sremover () © %%H
HIBCE R TON, BT - S RLock () HIYE A S 7EBoxZE T

class Box(object):

lock=threading.RLock()

P % adder () Sremover () 752 5BoxBFHIFERE, HIHHBoxKHT{Eadd () Sremove () © &
MHIFER A FESRIRTR, REHEBREE - X T35 %lock () i, RLock () j#ifacquire () Srelease () ik
R BRI T RIS RN RN TR 51kt A TE A T s EaA A

Box.lock.acquire()
#...do something
Box.lock.release()
RLock () WRIPREHATER W TEFIR

7% pyvonsrer | I el e

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

>>>

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

Riock () X4 BI
{55 B SCIMERER

B EX MM ZHE Dijkstrafg i), HREBRAETHEIERSGT - ESES— THIBERSEHNHR AR
KA, ATEPZNEENLZFRSEIRAE - AR L, FSEEH—TNEZEMRY, ERRH TXHEX
BRI BRERFE A VR & -

A, FERREER G, (E5 EREEHE Tacquire () Srelease () X MEREL:

v Y—ANEREEEYRS - ME SR RBEIRE, B0 Hacquire () #E, ZIRIESEIES ERNER
TEE, MREREAE, IBATHAT IR o R ER A, IBLARERSTEE, RS —MEERI0Z
B o

v HNEREEREEIRNELERE, TR T release () FRIEBRURIR o @ XF AR, E5ERNEEE
BEWMN, F5EATIE - EREER T IR ZET -

FRESREMERERPITEENNEFR -



2R

G5 &SR IER

BRI ERRES EVH AT AHENRE, A3 ErIEE TENRREFHF5E SHRESEER I FI
1T o MRAEXFE, S MREFH—MELT, SRS SHBNTAHALENBE R HE -

BEM T EREENPIT, BE2EF—MESE, HNENZEERN - 7, BREAE-NTERERESENE
FH1ECRORT, B HS#HAE ZEE, ESRBEHEN-1, 56, FANHEZREZ NHAET o X0, &6 X [EEH]
TE-NEE, ESENENNE, FAHE-TEREH2%R -

Hit, REGSEALSAEE, EXRERASSRARERA DR FIIEAHIT, XHMaSERLIEN -

& TAE

BT ORISR (AT T4k, FATEW &R, 25 producer () Sconsumer () , EfJH=E—HFEB
B, X&—1%HE (item) °producer () FIESSZAAlitem, TMconsum-er () ZRFEAIESSIIE BT A Bifitem ©

W Ritem AR AR, AP consumer () AR TEEERF o Yitem £S5, producer () ZRFESIEENVH & BIF AT LA
EAT -

BARSCH]

ARG F, AT - ERADERE R ELF SRR D o YEFHUE—- T RER, B2
EEE - WA, ERESTIOZESEHETILETR - T FBERTELESELMAFE S -



#H# I E 5 2R P LAE
import threading

import time
import random

## W[ IE SN N S B counter T 1 HIGA{E,

## HEOAME N,
## WARIKAEDT0, i< FE ValueError 7 7 .
semaphore = threading.Semaphore (0)

def consumer() :
print ("consumer is waiting.")
## R BfE 5 &
semaphore.acquire ()
H# H B U7 R L B
print ("Consumer notify : consumed item number %s " %item)

def producer () :
global item
time.sleep(10)
## BN
item = random.randint (0,1000)
print ("producer notify : produced item number %s" %item)

#HENGE 5=, BFANHT R counterE N1, HILE
#HETON, B PR EMSHREGERES
#4 8 KT0, FMepgiZ2eFe .

semaphore.release ()

# P
if name == ' main_':
for i in range (0,5)



£l
£2 threading.Thread (target=consumer)
tl.start ()
£2. 8Edik ()
tl.join()

threading.Thread (target=producer)

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

NHEFTRZBITSIRIER -

o R ST .|

|| 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

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

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

>35> |

-

lmZhCoh4

LA A

FESEWHRIL N0, BIGEE T - PnENESESES, HE—WRNETRZNA S MAERITRE - X8,
— NRRR RN R EER R A HBTR

semaphore=threading.Semaphore(0)

ZAREE R BT Z AT BRBWLE o producer () HRFEOIESE, AR5 18 T AT IEBRER:

semaphore.release()

H5 Efrelease () H{ESWEITHEGERE, REEAMEMLETE o 5280, consumer () A{ESELVRAL N A%
IR

semaphore.acquire()

MREFSENITEEEN0, BLEHSIHESRMMacquire () FEEZME HAERRBAER - MRES =TT
#ERT0, BAEBZHEIZE -

wJa, BB R 20T EN S bRk -

print ( ~Consumer notify:consumed item number%s ~ %item)

ERY R

FEEN—FRIER T AT « ERENENEEERIRLENINGESE, B0 LIS EdE 5 BRI
P ELFR#RAE -

FEEBREZLEREES TRIBGE T ZMNA: A, FHESESSESBIIAL - i, H&RB0ERS
Es1 ERUTHERRIERS, RN EIZQAER S B2 LHUTERBE, B RAE2 EPITERRIE, QfFEs1 ERIUTSERER
1B, XELSETRBEILLE -



it FH S At SE R FE [R] A

SR T R ARSI o X —FRIPLS, Bl — MRS ENEE, A— 1M SEERNEFRGFCELR
Ao —HFMR A, EREAIREIEID, b [a] = BEE o

e TAE

EBAZALHI —F i T XS BIRE BT E-TH A 1 o Kproducer[M 2 H X 5 AEHE, HEIGRMXFTH ML, A
BRI P EEGE, KconsumerFi e N i X IEWCER  (FRAEEER N IXIERR)  © Fproducers il &lconsumers i [X.
ANRZE, [FES consumerZs £51fproducersz i [X 35 A i ©

RIS (S

N T RS, FA RS A 7= T B i .
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

items.pop ()

print ("Consumer notify
print ("Consumer notify

no item to consume")

consumed 1 item")
items to consume are "\

+ str(len(items)))

condition.notify ()
condition.release ()

def run(self):
for i 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

print ("Producer notify

items.append (1)

print ("Producer notify

items producted are "\
+ str(len(items)))
stop the production!!")

total items producted "\

+ str(len(items)))

condition.notify ()
condition.release()

def run(self):
for i in range(0,20):
time.sleep(5)
self.produce ()



BT —IR

94 Python Shell
| Eile Edit Shell Debug Options Windows Help

if

_ name__ == "

JRRIZER AT E TR o

producer
consumer

main ":

producer ()
consumer ()

producer.start ()

consumer.start ()

producer. join()

consumer.join()

| Producer
Consumer
Consumer
Producer
Producer
Consumer
Consumer
Producer
Producer
Consumer
Consumer
Producer
Producer
Consumer
Consumer
Producer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
Consumer
>>>

notify :

notify :
notify :
notify :
notify :
notify :
notify :

notify
notify
notify
notify
notify
notify
notify
notify
notify
notify
notify

notify :
notify :
notify :
notify :
notify :
notify :
notify :
notify :
notify :
notify :
notify :
notify :

notify
notify
notify
notify
notify
notify

LK

%CODSHI‘HEF K

total items producted 7

consumed

1 item

items to consume are 6
total items producted 7
total items producted 8

consumed

1 item

items to consume are 7
total items producted 8
total items producted 9

consumed

1l item

items to consume are 8
total items producted 9
total items producted 10

consumed

1 item

items to consume are 9
taotal items producted 10

consumed
items to
consumed
items to
consumed
items to
consumed
items to
consumed
items to
consumed
items to
consumed
items to
censumed
items to
consumed
items to
consumed
items to

1 item
consume
1 item
consume
1 item
consume
1 item
consume
1 item
consume
1 item
consume
1 item
consume
1 item
consume
1 item
consume
1 item
consume

are

are

are

are

are

are

are

are

are

are

13 %1 Fitems[ JFR B E| L Z BTR -

condition.acquire()

WRINFRKE RO, AERERZLTE

if len(items)==

condition.wait()
B &N itemsd| FHTpopiffE:
items.pop()

XFE, HRERPRSE BRI L E,

condition.notify()

w0,

farag/==gi RN
TJ' /‘\

v

|Ln: 84|Col: 4

HE GRS 2 BOREL



condition.release()

KproduceriKHFIF ZHHR, RERIEFIRZECH (EZREIF, Bl RFitemsF| R H AR N10)  WHRS
KO, WLEFERLTERRE, BRFREHETR L

condition.acquire()
if len(items)==10:
condition.wait()
WERF AN, BEEdm—1itemit 25, A IEEPRS IR RUEE:
condition.notify()
condition.release()
HIRY
T T X T E AL Python A AZ SEILZ ARG ERAY o 415 I%A M N #R2E_Condi-tionAIHE & 77 122 #H BN R
L 0#—"RLock () X5 o s, fEIHMHacquire () Sreleased () Bf&AHHITHE L.
class Condition( Verbose) :
def init (self, lock=None, verbose=None):
_Verbose. 1init (self, verbose)
if lock is None:
lock = RLock()
self. 1lock = lock

it AR SR AR [F] 22

FEHEHTEREREFERNS - — MRESEEES, FARNS 1R ESLAHES - BXA L, FHNEEEHE—
DNEBRIFRE, FTLLGETset () FiEFE I true, AT LUE D clear () 1AW HE & Nfalse - wait () HiEE&—HM
FE, HIEFREZ Ntrue M 1k ©

H R #RiE
Oy T EFE FER R IRRARE R, B TEARE R A - S R



import time
from threading import Thread, Event
import random

[]
Event ()

items

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 : %d popped from list by %s'\
%(item, self.name))

class producer (Thread) :
def init (self, integers, event):
Thread. init (self)
self.items = items
self.event = event

def run(self):
global item
for i in range(100):
time.sleep(2)
item = random.randint (0, 256)
self.items.append(item)
print ('Producer notify : item N° %d appended \
to list by %s'\
% (item, self.name))
print ('Producer notify : event set by %s'\
% self .name)
self.event.set ()
print ('Produce notify : event cleared by %s \n'\

% self.name)
self .event.clear ()



1f mame == ' main ':
tl
E2 consumer (items, event)
Elskart L)
t2.start ()
tl.join()
2 jean ()

THEERFBETENEL - AZRESEFIRRIN—ME, B PRXEFMROEFHETRE < HRESwair () KIEA
ZEIEMEZE, FNFIRPIRBOZBEME -

producer (items, event)

-1 o : ‘_p!_m Esm _ E L r | ﬂ |- -l 1
file Edit Shell Debug Options Windows Help
Producer notify : item 204 appended to list by Thread-1
Producer notify : event set by Thread-1

Produce notify : event cleared by Thread-1i
Consumeyr notify : 204 popped from list by Thread-2

Producer notify : item 98 appended to list by Thread-1
Froducer notify : event set by Thread-1
|| Produce notify : event cleared by Thread-1

Consumer notify : 98 popped from list by Thread-2
Producer notify : item 90 appended to list by Thread-1
Producer notify : event set by Thread-1

Produce notify : event cleared by Thread-1

Consumer notify : 90 popped from list by Thread-2

Producer notify : item 3 appended to list by Thread-1
Producer notify : event set by Thread-1

Produce notify : event cleared by Thread-1

Consumer notify : 3 popped from list by Thread-2

Producer notify : item 162 appended to list by Thread-1
Producer notify : event set by Thread-1

Produce notify ! event cleared by Thread-1

Consumer notify : 162 popped from list by Thread-2

Producer notify : item 208 appended to list by Thread-1
Producer notify : event set by Thread-1

Produce notify : event cleared by Thread-1

Consumer notify : 208 popped from list by Thread-2

Producer notify : item 37 appended to list by Thread-1
Producer notify : event set by Thread-1

Produce notify : event cleared by Thread-1

Consumer notify : 97 popped from list by Thread-2

Producer notify : item 233 appended to list by Thread-1
Producer notify : event set by Thread-1

Produce notify : event cleared by Thread-1

Consumer notify : 233 popped from list by Thread-2

LK



producerR 2@t % H IR S5Event () BECEWIIAMN o 5FMENFREIAFERRE, FEIIERHERBDR, MEIEN
— N SEAE R
class consumer (Thread) :
def init (self, items, event):
Thread. init (self)
self.items = items
self.event = event

FEFT B R B 5% H Brun 7 55, producersR 2R HFHINEIZ B HIR A+, RIE@EE o XEW R DPER, H—
AR

self.event.set()

BE_BWTFR:

self.event.clear()

consumerZ 5% B3R S5Event () BEGHITHIAIL

TErunJiiEH, THBRE SERFRIS BEITIETR - YRHENARN, ESNFEIIZEF L

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))

& 7R T producer 5 consumer3 2 [F] {1 T B 44 -

ETEREH TH BB

{6 R LR AR R

5 F withig £]

Python fJwithi ) /& fEPython 2.55 5| AR A P MHKAVIRVETR Z0 — MU R B PITHY - withi& IHI/EF
BB RHRT o Hh, EliwithiB 6], LnT DI BRI o BC S RBE; X NRE L withi® &) S FE_E TS
EELER o FEAREBURT, acquire () Srelease () J5iAFTHRBLAY AT G AT LU Ewithif s f o

R, a0 PR AT A EwithiE AR BT SUE B As



v Lock

v RLock

v S

vVIESE

g LI

FEZoRGIH, FA1E A withiB AR MR T A B 4 o

RIS S

WORBIER T withiE AR AR - MTE— 184, BEREFRN SR EBZNRSRE o Fit, A7 LhE
with ¥ G Y HH A B9 — R I

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 ()
&
logging.debug('%s acquired directly' %statement )
Einally:
statement .release ()



if name == '_ main_ ':

# QI — IR A
lock = threading.Lock()
rlock = threading.RLock ()
condition = threading.Condition()
mutex = threading.Semaphore (1)
threading synchronization list = \

[lock, rlock, condition, mutex]

# {Eforff¥, M threading with
5 threading no_with F#{
for statement in threading synchronization list :
tl = threading.Thread (target=threading with,
args=(statement, ))
threading.Thread (target=threading not_with,
args=(statement,))
Els.gtart ()

t2.start ()

B2

EL.TErE )
B2 «ioind]
TR TR R R T TR RECRE, (#F FwithiE 6] 5 A8 A withiE a4

24 Python Shell

Eile Edit Shell Debug Options Windows Help
i| 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.

| 5> RESTART
>>>

(Thread-1 <_thread.lock object at 0x01A29620> acquired via with
(Thread-2 <_thread.lock object at 0x01A29620> acquired directly

(Thread-3 <_thread.RLock owner=3344 count=1> acquired via with

(Thread-4 <_thread.RLock owner=7420 count=1> acquired directly

(Thread-5 <Condition (<_thread.RLock owner=7720 count=1>, 0)> acquired via with
(Thread-6 <Condition(<_thread.RLock owner=6080 count=1>, 0)> acquired directly
(Thread-7 <threading.Semaphore object at Ox0l1ED8710> acquired wvia with
(Thread-38 <threading.Semaphore object at Ox01ED8710> acquired directly

>>>

SRS AR

FEERFH, FATE LT —"17%3%, threading synchronization_list, B HZHHTEH TR &EEERS:
lock = threading.Lock()
rlock = threading.RLock()
condition = threading.Condition{)



mutex = threading.Semaphore (1)
thfeading syrich#ohization 1ist =

[lock, rlock, condition, mutex]
G, TEforlBIAF L a5

for statement in threading synchronization list
tl = threading.Thread(target=threading with,
args=(statement,))
t2 = threading.Thread(target=threading not with,
args=(statement,))
B, BATER A EHREEL, HAF, threading_with ] T-MiRwithiF )

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

FIVAT
FEATR =B, Bl 168/ T Pythonk H &S0

logging.basicConfig (level=1logging.DERUG,
format="' (% (threadName)-10s) % (message)s',)
B SAIE% (threadName) 1ERITERFZHEEEFIMAT&ES - HEEREEBEZ 2N, FHHAFRERE
FIT B BRIV S AE i R LAY o

it FAPAZ S IR AR 1

WMETFTt, YEEFEAEHRRESEREN, SEERESTEIERER - RIEELEE T, PythonXiREHIRHT
RLZFEHIFE, GHRESE  FULE  FH58 - BREEX L L%, EF AR AR — N HEH R o A
FIERAERRE S, HEFESREREDEFEND S, WNENIEX BN LR RIR A W AL g, 7 3
FNEE BT AR R o

BATE SN BT 4AFBAS T -

v put () : F—DEKHBINEIATF -

v get () - MBAFFMHBRH R E—P5E -

v task_done () : BRI BERESSEIZGE -

vjoin () : XEEHHE, HIFESBEGEOET NI -

B AR {E

VRGBS, TATES B R SRR SEA TR o tboh, TATER LR, ENSRNZRHEE—
ANAFEBIRG BAF o ARBA0F AR



from threading import Thread, Event
from queue import Queue

import time

import random

class producer (Thread) :
def ainit (8elf, quéue):
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 gueue 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 gueue by %s'\

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

if name == "' main ':
queue = Queue ()
tl

t2

producer (queue)

consumer (queue)



t3 = consumer (queue)
t4 = consumer (queue)
tl.start ()
t2.start ()
t3.start ()
t4.start ()

tl.join()

E2:j@1in.l)

t3.join()
4 . 5 oint)
RSz AT 5 e an T s

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.

>35> RESTART
>>>

Producer notify : item N° &8 appended to queue by Thread-1

Consumer notify : 68 popped from queue by Thread-2
Producer notify : item N° 101 appended to queue by Thread-1
Consumer notify : 101 popped from queue 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 queue by Thread-1
Consumer notify : 193 popped from queue by Thread-4

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

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

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

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

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

LA A
H ST Aproducerk o FATTEAILBEBEGIFK, RN T AFIRAEE LR BEL
class producer (Thread) :
def init (self, queue):
Thread, dndid. [SelE)
self.queue = queue

producersk &R & 1E — M for{EEIA 1 A BB R R AR PAS



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

producer%f# FlQueue.put (item[, block[, timeout]]) [FPFAZHHEALGRE o 7ERFETETEH A RIS FI & 2 REE8 -

FAAE R AT BE:

v AERAES Eblock true, FF Htimeout N None (X2 /RfIH T HAUERINE L) | IPABTENZE, BEEIATH
FIMLE A Ik o 1R timeoutse — T IEEL, AT SPHZEZR Ztimeout?h, WRILXMEIZA FTHIME, B 7
o

v 1R block Mfalse, HBATEA AT HEIAL B LR — 14 BIEIBAGIH, Sghad 2% (TEXER T~ &2,
& fstimeout) X EAput () SKEATIEECH, B TRENTHAwait O , XFEEFEFRSIIRER -

TR EconsumerE  ZeiR S WBAZI IR BRI %L, H M ftask_done () SRFMRE DA IAR HFITAET

def run(self):
while True:
item = self.queue.get()
SELL.quete.task dane ()

= fQueue.get ([block[, timeout]l) , FF7EMPAFHFEEREIERTIRECEI B » ANREAT N2, HBATH &

if name == ' main b

queue = Queue ()
t = producer (queue)
tl = consumer (queue)

t2 = consumer (queue)

(
t3 = consumer (queue)
t.start ()
El.start ()
Bl wsEare()
Cowsart ()
B jedns ()
£ I s oinl)
tZ2.join()
B3 renail )

producerZt 5j consumert 2 [A] i FT B B4 E S 4500 T IR ©



fromemmenseasnesens > HRERRL

B | =
//'/_\. N ‘-
gE— /\ 5 ot R AR
\,v . ——— B
(O— > HBRELRES

SIS I R
VAl 2 SRR N T RE

VLI, FAPRIGUEGILAI SN, WAk 2 2 F2 N AU TEEE o QIRTATIf, GIL &M CPythonfERERS 5| ABIBIHL
] o GILESTEMRRESS I 1L Z R RBRIFATHUT - EHUTHI, B NERBEELITFERFGILEEEIZITHIERE - LPhrt, &
Ui (R B RE 2R A AR AR R PE VB AR AT Python X SR SEFI R, ffRERR 2 58 I ET VIR IR BN EIGIL - X IE 2 GILEY H AT fE i
B2 IEARIEEH L RIPython ki 5 o GILSIRIFFERERRIINAF, FHHRN RS DUEMEY 77 kT « 2P b, Wi
FFREUFHATHAT RN 7 AR 23RV B 89, BB A GILZFH IIX A o 415 MCPythonfi# e85 HMIFRGIL, 3B
NERBELREFHATHUT T o GILH NS IE— RN FEPO S FHUT, F—NZIE SR R —p 2% iE M e R e
IZFI o

HRERAE

AN AR ARl — > LR RN B EE o B INAE S FE 100 EEAE T — P BRE—IR « BTk, 1S
F H)5X 10078 i HE s RET— 1 o fEforfBEAH, FA TP T non_threadedlithreaded K%Y o AN, FoATE MK,
DIV SRR EE - AWK T 1~ 2~ 354, HWHSEREHFA T8 o FEIELEBHITH, FATIRIERT A2 20T 8 H
TEREHRIREL - N T EEFER B A HUTEERE RE 2 HPythonftimerfE R R LAY -

RS T PythonfCIB R RE, X LE(CHE H & — S BATRYIES] -

ARG T FrR:



from threading import Thread

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

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

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

def threaded(num threads) :

Euned. = []

for 1 in range(int (num threads)) :
funcs.append (threads object())

For i in fungsgs
i.start ()

¥ 1 1fi funcs:
i.join()

def funetion te rumn() s
pass

def show results (func name, results):

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

if name == " main ":

import sys
from timeit import Timer

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

results))



print ('Starting tests')
for 1 in num threads:
t = Timer ("non threaded(%s)"\

Q

% 1, "from main  import non threaded")
best result =\

min (t.repeat (repeat=repeat, number=number))
show results("non threaded (%s iters)"\

Q

% 1, best result)

t = Timer ("threaded (%s)"\
% 1, "from main_  import threaded")
best result = \
min (t.repeat (repeat=repeat, number=number))
show results("threaded (%s threads)"\
% 1, best result)

print ('Iterations complete')

S A A A

FMT—=HPAT T3 ML, TR, #H T AREE, BT 2 XAER G function_to_run ()
I E U o

F T AL 25 BC & 4 Core 2 Duo CPU-2.33Ghz ©

FH—

FEZM A, Fef] A 2Pl = AL

def function_to_run():

pass

NHEFURRIGERER T AR ERALH I -
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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 (In ;j
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 (& iters)
threaded (8 threads)
Iterations complete
>>> v

Ln:15 Col: 4

.000005 seconds
.000188 seconds
.000006 seconds
.000364 seconds
.000009 seconds
.000713 seconds
.000012 seconds
.001397 seconds

OO0 000000

RAEGE R LB 2SRV AR Z AME AR RBE R AE 20 - F53R0, Tl 102 LI MR FHES
SRR FRO RIS R TEVEORBIF, 4 ERERAURS[E] 50.0007143F), T8~ FEAURT 8] 270.001397F) ©

AN,
LRFR N B — N BRI R T BT RO EE o Fefi T — AN B R T AR R, R B A



SRERY, REMEHE 2SR ERETF R
def function to run():
a, b=20,1
for 1 in range (10000):
a, b=>b, a+b
By a0 B s e

wonstel ) RRRSRRRRET | el

File Edit Shell Debug Options Windows Help

Tl e B T e, e e (o e S SR g gty e e e R R e ] B s L o e ey e (e - e |

-

32
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
>>> b

Ln:17 Col: 4

MWHEIH AT UEE], SEINEREETFART RAT 2874 o WEGZAEPython FHUITHY, BT OIS SGILIEA, Z4HE
BN BELL AR AR R BT R 358, FifE, 7ER—WZ), GILA SR —MERRD RIS o

=N
AR IR 2 Mtest.dat SO HEE —SREHE  (1Kb) 10007 o REIAY AN T ff s -
def function to run():
fh=open ("C:\\CookBookFileExamples\\test.dat", "rb")
size = 1024
for i in range (1000):

.021832 seconds
.022062 seconds
.044926 seconds
.045434 seconds
.090262 seconds
.090161 seconds
.177695 seconds
.178830 seconds

0O0OO0OO0OO0OO0COO

fh.read(size)
Mt A s S R NS o

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.

>>> RESTART
2>

Starting tests

non_threaded (1 iters) .074713 seconds
threaded (1 threads) .074958 seconds
non_threaded (2 iters) .150131 seconds
threaded (2 threads) .082746 seconds
non_threaded (4 iters) .301600 seconds
threaded (4 threads) .168953 seconds
non_threaded (8 iters) .604644 seconds
threaded (8 threads) .353848 seconds
Iterations complete

>>> |

Ln:15/Col: 4

HAVER THEZEREROIH R — DGR o BRI, JOTEBZIAHE Tnon_threaded, ZeREHNAT FTTERT IR Jo fa] 5l



F oo FELPRIEILS, BANTRAS KRR REMER o BAR), RERBEITIT, HHPUTHMES - BRTELLENR
T, ZNEEPITERENSERA R, EXTHEAEFREHFNE L, FRIEFE S0 85 ALIE -
YN
ERJa— R FH, FA1E A T urllib.request, X2 —Pythonfit, A TIRENURL o %% T socket Bk, {3
CHREH HEMEL S -
N BIAS 2515 8] https:  //www.packtpub.com/=E 7T, F HEEEET1KT5:
def funetion to run():
import urllib.request
for 1 in range(10):
with urllib.request.urlopen ("https://www.packtpub.com/")as f:
f.read(1024)
AR A H S5 R A0 N B FTR e

I

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 (In *
tel)] on win32

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

>>> RESTART
>>>

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

WRET I, FEVORESF, GILZWREN o ZEAEIIT Z L BREHITIR - B TIRZ M 2EVOFHIT —EHER
LIAE, FHGILHANZH IR A Q& 2 LA EFSHKIF L PUT LU THE -

FRT I

HAIFF A E S AR R TT 2N A R BHAF B], TR T4 A2 B » toan, BIREAiE, REHE
RPATEZIEF A LAY o X, TR DL E— D ARWEIRS, FREARE S TR B (Er=E-H i E
) o WL, BAGXIFARIF AR AR ERAEIL, (EIXEN RS T RSO AL o T AREE A 4EPython A H £
AR R R AL, GIL R — MRS 58 - BRI R —FEFWIE, (HCPythoniREA: HIZ 42 51R(E
ARG Z AW » iX B 1EZJython ~ IronPython 5 HARMRE AR I AR BGILA R B Fr e, BFORAL Z, EFFRER
A EHLIL o



3 HT I RERY AT

AEFEENE:
v {# A multiprocessing Pythonf& ik
v WAl AR B
v WA AR AT A 44
v WMAAEfE B E AT
v A0 RS
v AT AE 2R R R
v WHAITEHRR R A HEXT 5
v (PG SRASHaRT 5
v (i B R ATHN B
v A0 R A R
v WA B RR RPIR S
v Qe R
v {5 Fmpidpy Pythonf&ik
v AN RS
v SEESRAE P A
v R BEIERAEE
v i FscatterEN £ SE ISR AR F
v i F gather BN BCE IR A8 (F
v {5 Ao AL IR A58
v CERERAE
v A A S
4

E2EANE T AUTE SRS H LN A, AEFSNAETHEN T KRR, BN RIE SRS ER
J# I Pythonfmultiprocessing#& 3t 5 mpidpy it

PythonfJmultiprocessing & & 5 VMEFER—#F 5>, BESLM T HENAFEREEX, RGBS — 1 EE 10,
BEATE AT AV R B — A LR AE o

PythonfJmpidpy /& SLIL T 4 7H BB RIETE, EHASHERAEZERE (XUMELRE) | FARGEREE
FE IR AR A T S B RO TE R SETIAY ©

X TIX SRR UL, BT S S B P A = I A B E S AL AL R SE L B PR ERIR B BORHE R » 7ETH B %1
M, R EEdsend () Sreceive () BfEFIBERERM

TEPythonfmultiprocessing SIS /48 F{E T I B 2 T 1% (1) I ThEE &R 75 2o/ A T A 2| Fsh o
(https: //docs.python.org/3.3/library/multiprocessing.html) ©

TEIDLEH 2 FCiE R __main_ BHIRSAFREREY, BRI IA DO RGBT AT « A THRINEFEER, &
112 WA L3RR FB T IrE R -
python multiprocessing_example.py

iX B f\multiprocessing_example.py & AR F o X FTARZERTNBRIRFIRI, FATR2 (% F Python 3.30UAS
(Python 2.7t /& FTLARY)  ©

AnAAT A G R

RIEHERYL (spawn) "FREEET ACHEREROEHATE o LR, GHEESURPIERGEHTT, %, BT
HREHUTEEH N 1E © Pythonfmultiprocessing 7 7] LU 41 A BRoK A Bl 12 :
LIRS AR o



2 Hstart () J57% o EIERTFRHIETES) -

3. M Hjoin () J5ik - E2%EME, HEIARERH TIEFFRE L -

H R HRiE

WoRBIEoR T I B —RS] (51) R - B AR Elfoo (i) EiEL, HAHRIVESIHIERT KEAJID:
HER— R H3E. ETHEARIT

import multiprocessing

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 ()
BARGZATZ R R AR, FFEITITan AT, A E & REISCH (M {Espawn_a_process.py) HJH 5
177, RIEEIA NHEHAEG2:
python spawn_a_process.py
BATIZA L S R 0N BrR
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:
SEAGIRG
EANTEAR TS /A ER o pr i Sy, EAE QIR AR, B e E BT A0 T 65< 5 Amultiprocessing iR
import multiprocessing
PN ORAE LREF? T QA R R
p=multiprocessing.Process(target=foo,args=(i,))
SRJGVE Fstart () J77%:
p.start()
WERFREHENERSE, FHESRBEIE E (RS, 8 FEoo () ) o FATEREELE T —12
R, FIRTEE SRR AR AL » B, % A B AE Fjoin () J71%:
p.join()
WMARAEAp.join (), BAFHBERESEHFREANSL L, HFRGDAEFIHRILE °
SRY R
X —UHREE T 34 T Emainih 7352 il 1X Process X 5 (Y B B2 .
if _name_==" _main__~ :

XREREN PO FARESACE T BRSREEIBA S - TR, B R EFI AR 5, T LARG 1k

B w hh -



IR TC PR % V3 I SE LRI TE I © — A AR ITIE AL A — DA E LA PR, RERESAmAZ
Hie, WTFE—REAN, Ri2XHES.

import multiprocessing

import target function

if name == "' main ':

Process jobs = []

for 1 in range(5):
p = multiprocessing.Process \

(target=target function.function,args=(1i,))
Process_ jobs.append (p)
p.start ()
. JOLHL )
Al Ztarget_function.py SCAAILED
#target function.py

def function (i) :

o\

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

return

it 5 — RPN -
PIEEPS PR EN R

1E b=, FATRHA T HEINA T W B eS8 - N, AR — P2 F2REH,
SRR F R AR AR IR 9 AR B RO B T (AR AR R

ERES (S

FHREHITI G SRR T Z RN BREEE (S RABE2E) -

§$EE¢,ﬁﬂ@@T*ﬁ%ﬁ%?%ﬁ&ﬁ*ﬁﬁ%giﬁﬁﬁ°ﬁﬁ4ﬁﬁ%ﬁ%?ﬁﬁﬁﬁﬁ@ﬁ
foo :



#XP R T A 4. 3 TR AT
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=£foo0)
process with name.start ()
process with default name.start ()
BIZATIZHRE, IRTTIT Q3R B AN a4
python naming_process.py
N HEGRIZAT A T AR 4
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
LA A
IRVERUL TR A A AR - BAN IR 4, NOZIREE— D TARRN R 2 SEL
precesE_with ndame = multiprocesEsing. Procsss
(name="'foo_ function', target=foo)
eI, AT T foo_function#tA2 o A1R-FREARAE KA B A AR 2, IR A BREMA I TN IEA.:

name=multiprocessing.current_process().name
IR A 2R AR E T -

eI BT iR

e )5 BIB TR —Fh AL A AORERT AL BT, EAFE BRI AS T, HR A LS H MR Z AT -

N— g

Pythonfymultiprocessing & i 13 daemoniZe i 7] LSEBLHFR R G &i51



ERES (S

AT REe#HE, RFREWTAE:
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=foo)
background process.daemon = True
NO background process = multiprocessing.Process\
(name="'NO background process', \
target=foo)

NO background process.daemon = False

background process.start ()
NO background process.start ()
N TEMLFERF P IBITIZEA, ERAL T L
python background_process.py
VAR R H AT R -
C:\Python CookBook\ Chapter 3 - Process Based Parallelism\Example Codes
Chapter 3>python background process.py

Starting NO_background process
Exiting NO_background process
SIS AR
N TR EHATHRE, BN E T daemonZ 4L
background_process.daemon=True
FEEaB TR ER L, FEERFERE, FadRaBohER, NMERIRRRNFFSHET -
FIVAT R
EE. RN RO AR - B, Y5 RRGHRRER, E2%LE, X2SBX M EEIHRE

HTF AR SRR © BEAh, ENDFFUNIXSHPERS, SITREERIHE, WEREAEHE, B(]
B LL -

AR e R



AT LLE S terminate () J7VESLZIRIE— 1R « Ah, BATLLETis_alive () JTERIBEHIEREBIETE
RIS (S
TR Glt, HRREE B iREEdoo () ROIEM - #HEEDNE, M@ dterminate () EECRHHARE:
# RIEHERRE ¢ 3B 3 B . BT HEREN T
import multiprocessing
import time

def foo():
print (YStartifg functribn")
time.sleep(0.1)
print ('Finished function')

if name == ' main_ ':
p = multiprocessing.Process (target=£foo)
print ('Process before execution:', p, p.is_alive())
P -starct ()
print ('Process running:', p, p.is_alive())
p.terminate ()
print ('Process terminated:', p, p.is alive())

p.join ()
BELRL. ('Process joineds', b, p.Ll5 _Hlive())
print ('Process exit code:', p.exitcode)

N E PR T By &5 BRI H AR o

File  Edit Shell Debug Options Windows Help _
Bython 3.3.0 (v3.3.0:bd8afb90ebf2, Sep 29 2012, 10:55:48) [MSC v.1e00 32 bit (Int =
ely] on win32

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

2 RESTART
b b 4

Process before execution: <Process(Process-1, initial)»> False
Process running: <Process(Process-1, started)> True

Frocess terminated: <Frocess(Frocess-1, stopped[S5IGTEERM])> True
Process joined: <Process (Process-1, stopped[5IGTERM])}> False
Process exit code: -15

>>> |

Ln: 10| Col: 4

LA A

IO T HE, REETis alive () JVEREREEmEH o BTk, HHerminate () J77E4 RFHE:
p.terminate()

B, BB RN TATIGUE TR, HEEUT ExitCode)& (A © ExitCodef) A BEMEA 41T JLIA ©
v==0: FREAHIR

v > 0: FREBE THIRIFRE

v < 0: FRIEREW(ES-1*ExitCodeRIE T




C:

KT ZRGIRL, ExitCodef U5 AU HHE /y-15 o SUE-15FR TR A F 1SR R (E &2 E T

QRARITE 38 7 (5 A 20 R

ERESCILEE L FRGHE, FE.

v E X —NFTHYProcess R F K o

v HE init__ (self [, args]) FTiEHGMESMISEL o

v BE5run (self[, args]) J71ESLENProcess/ashE 75 B MA 1 -

g’]?iﬂ;?ﬁﬁ@ﬁocess¥§"§)ﬁ, IRAT LB E R — 52, SREE fstart () J7¥ERED), ETEXSHA
‘] °

HARE

FAPRUATEH T REEE— 16

EPRPMAER, W38 HT AR
import multiprocessing

class MyProcess (multiprocessing.Process) :
def run(sgelf) :
print ('called run method in process: %3' %self.name)
rebur

if name =
jobs = []
for 1 in range(5):
p = MyProcess ()
jobs.append (p)
p:gtart {)
p:ioink)
BRSO T AT, R AL NS
python subclass_process.py

b gy 4 Rl HH 45 R A0 R R -

= ' main_ ':

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

Chapter 3>python subclass process.py

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

SLAFIAE A
"Process TR LA — 14K H ProcessE HEE T Hrun () J1ERIFERFITR < 147714/ ProcessRENR .
class MyProcess (multiprocessing.Process):
def run(self):



%2s' %self.name)

print ('called run method in process:

return
TEFREFH, FA 10 T MyProcess () REFIJLANF R o Ystart () FTIEHAAE, SERSHFHHIT:
p=MyProcess()
p.start()
join () A& FRFHFEAYL L o

AT FE ERE [R] S R 5

HATRL I & 75 BAE R A A THURZE 4t o multiprocessing 45 -l (Z38 18, i3 A TAT AN S A2,

DRI SEE, W EFTR

A {7 18 1E

/)

multiprocessing 3R 1 138 {5 1818

{8 FIRAF AT X R A H

AETAT, FATTAT DU A AR R A R SRR o

P 2l Bl — iR FE NS, EREE S HIE L 20, (EMalFIIERER  (Pythonft f pickableBHRA 751X
R) AT DUE L BT ACH ©

H R HRiE
AN R B TR T ARARTAE P A SRR AL 7 3 -TH 5% 3 [RIR = producerZR 8 T 45 H S5BAF, consumerZE MR T F5ER

Pl ARIZ% BRI T 1%



import multiprocessing
import random
import time

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 of queue is %s"\
% self.queue.qgsize())

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'\
% (item, self.name))
time.sleep (1)
if name == ' main_ ':
queue = multiprocessing.Queue ()
process_producer = producer (queue)
process_consumer = consumer (queue)
process_producer.start ()
process consumer.start ()
process_producer.join()
process_consumer.join()



NHEERFIETERIH



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 1is 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



LA A

multiprocessing JS7E = F2F 5L L. T Queue Xt 5.

if name ==" _main_ "’ :

queue=multiprocessing.Queue()

FERROIET B2, producer5consumer, FH3¥QueueXt ZAE N —1 B
process_producer=producer(queue)

process_consumer=consumer(queue)

H Eproducer 1 5HiE N HEput () F7iEMASHIEAL1015%H :

for i in range (10):
item = random.randint (0, 256)
self.queue.put (item)
#H & consumerIE S = NIAFIH#%ERIE H (i Hgetri%) | HIGERRIIA RZE o ARFAFIHZE, BE 2 whilefEEAH
HIAR L 2 42 FbreakiB &) 1 % 1L
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
|y
% (item, self.name))
time.sleep (1)
HRY R
FAZ|H7E —JoinaleQueue T35, 'EIAE U T W IIRI T E -
Vv task_done () : XFRR—MEFCEMITEEE, ., figet () FIENAFI RIS
BzJE - B, & HEEmPASIE TR E e/ -
v join () : XSPHZEHE, BIIAIIFHIFA % HEGERBOR 0T -
i FE B AT AT
5 RS R R TR A o
EES SR T EE:
v R B B E PR — RN AR
v EixXH . BN R EI A send/receive /7%, SLEIFHERALELE ©
HARHRAE
NHEGEE BN E BRG] o FE T HEEEE, ESAEMFINX10MIFE, H— RSB FEH
R HHATIRTT -



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
EEy

while True:
item = input pipe.recv ()
output, pipe.dgend (item * item)
except EOFError:
output pipe.close()

# P14 B 0~91 28 — MR
pipe 1 = multiprocessing.Pipe (True)
process pipe 1 = \
multiprocessing.Process\
(target=create items, args=(pipe 1,))
process pipe l.start()

#EHANVEE
pipe 2 = multiprocesging.Pipe(True)
process pipe 2 = \
multiprocessing.Process)\



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

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

by
while True:

print (pipe 2[1] .recv())
exXcept EOFEXECT:
g ik { "End")
W NEFR -
o - —— ——
|| Eile 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
>
0
1
4
g
16
25
36
49
64
81

End
>> |

\Ln:16|Col: 4

SEAIRG
[FfZ—"F, pipe () B#GSR[EIH— X EEFHERER —FEEN & - 1% FlT, out_pipefd & T #(50%9,
Bl B ir £ create_items () A AHY:
def create items (pipe):
output pipe, = pipe
for item in range(10):
output pipe.send(item)
output pipe.close()
EHEZMHEPEWMEE: MAEESOE TR L EE:
process _pipe 2 = multiprocessing.Process (target=multiply items,
args=(pipe 1, pipe 2,))
T HEEITENTEA]:




Ltry:
while True:
print (pipe 2[1].recv())
except EOFError:
pElmE (“Eng” )

LOREIEib iR

ZA R LUV R TAERBAT — MR BHIESS « BHEIBEN T, ENSHEEEE - £ M FHEEER VR
SPEEN AR AR EER o L, Eid R AT ER R B IR — B RO S U5 A3 » R R
BT Z B B0 5 L2 B F BT L [R] 45 [ AE o

AT T FR ©

v Lock: XA LT EBIS R EBURE - B SER AN HTE: acquire () Hre-lease () , ATEHXITHERE
JREA ] o

v B ESI T A RRE AR B, MRS R B, EME RS SR o EventW A W AN T T
set () Sclear () , FATEHENITAIFRE -

v &M NSRRI T RSP ERATEGE AT R RIE S TR o ER M ANEARRTIE, wait () ATERSEE, W
notify_all () WM T5 B A TE R -

v ESE: ATHEALRFE, i, XREEHRERRNERE -
v RLock: & T i#JIAYlockXf 5t © RLockH 77 £ LN HE 5 Threading 8 H i) —#Hf o
v BRE R DEFUSNILIIE, BB ERrE IR RA A R IREUT o BRRE R AU ANGE S R
ARSI & AT -
HAR AR
oG R T WA 5 A barrier () SRR DIEEE Bl TF4 MR, HApiiR1 S5t m REIE A EHE, 23
5t iR4M A AR 215 <
import multiprocessing
from multiprocessing import Barrier, Lock, Process
from time import time

from datetime import datetime

def test with ba¥rier (synchrefiizer, sBerializer) :



name = 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'\
; Barget=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 ()
WAZITE, B2 BE RS HREATEIH T A R AR E

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
KIS

FEERFF, OIS TaNERE, N, BFE-DREMBUTIE o BRSO TRIZER T F ZE AR

EE



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 ()

test_with_barrier_functionZHi/ TR wait () J7i%:

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

LA HEEEEA Twait () 712G, B80S RN R
now = time ()
with serializer:
print ("process %s ----> %s" % (name \
,datetime. fromtimestamp (now) ) )
NEBERT — FEbE & A e A B S HRRRY o

X P AR

HE P2
HEP1 gri Tt

B bt

PEREP2EN AR, A dEEPL
RiE—MESHABHEE, B
HEEPL P13k B 1k

HEEP2

B b

AR RA R, SNV
SR BRI BB R A
It T

HFEPL HEFEP2




{6 FH B Rai i B AR

AN B AR

Pythonf{Jmultiprocessing IR (it T —FE BRI A P Z RV ZE R  BRIE R 21 H — PRSI,
IR A Python X 5, I AT LILE HoAt AR SR (X LEXt 52 o

EHEARAW N EVE:

v EREHIRS IR, ZHRESEEATENR

v AENBEAENRE, ERMREENRERGHRTEH 2T -

HRHRiE

T — R EIRE A A AR A AR

LEE, BFE20E—MEHRIIE, HFEn askWorker P RZE, B MHUTEHSEHRT -
2LEMAPITERITR SRR, FHISIRSGETEN R bR -

import multiprocessing

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

if name == "' main ':
mgr = multiprocessing.Manager ()
dictionary = mgr.dict ()
jobs = [ multiprocessing.Process\
(target=worker, args=(dictionary, i, 1i*2))
for i in range(10)
]
for j in jobs:
i wgtartd)
for j in jobs:
j.join()
print ('Results:', dictionary)
i YA R R -
C:\Python CookBook\Chapter 3 - Process Based Parallelism\Example Codes
Chapter 3>python manager.py
key = 0 value = 0

2 value = 4
6 value = 12

key
key



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}
SR

FA T TS A E B TR S
mgr=multiprocessing.Manager()
R TORAE A, A& T — M FHRRBREIRE .
dictionary=mgr.dict()
R R nEmultiprocess:
jobs = [multiprocessing.Process \
(target=taskWorker,args=(dictionary,i,i*2))

for i in range(10)

]

for j in jobs:
j.start ()
X H,  HrE S taskWorkerss [AI R 451 F HLAp s il — 155 H -

def taskWorker (dictionary, key, item):
dictionaryl[key] = value
e, IRBE S R A BN 2T B ok
for 7 in Jjobs:
9« J@dm )
print ('Results:', d)

PR {56 FH 2R R 9

multiprocessing EFE{t T Pool 28 F T SEEL & B AU HAT A FRESS © Pool RIIE U N A IE o

vapply () : —EHSMH%E, HIERHMENL -

v apply_async () : iX/Zapply () FiERI— 1R, SRE—PMEHENE - EE—1TFSRIE, FASBIEESE
B, HEFE FREHITEE NI -

v map () : XENEAImap () BEEIHITHRA - ESRAZEE, BRERME NI, Z7ESRHERIEEE IR
HITE IR AR, FRAE R BRAYE S5 R AT -

v map_async () : iXfEmap () FIEM— 1R, SRE—PMERNER - RIEE TEE, IBATHET IEA
1, HESBI— S - AR, EERSERAZTE CGRIERARKT)  BEENZZEIGER; SN, 8
LRSS ZEME -

HARHEAE

YRGB A T WSS — R MR BT — N HATRIA o TA 10 T — 1 M4 HERRE R R, AR5 (6 R
A map 7 R T— 1 B AT A



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)
NHEGEIT R SEEE R RS R

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]

LA A

multiprocessing.Pool 7 144> R function_square . F £l i A TT 2% _ESRHUT — MR BAIIITER o HATHEN B E 24
pool=multiprocessing.Pool(processes=4)

pool.map 5 V& 2R B T UL AE S TE R A L AR

pool_outputs=pool.map(function_square,inputs)

Z¥finputss&— 1> MOEI 1001 £ F1] 3= -

inputs=list(range(100))

TR R SPAFET pool_outputsH o BETOR, RS HULE RATED k.

print (* Pool:” ,pool_outputs)

EREERZE, poolmap () JTHAHIEEHRE T Python N K & map () MIEER, XAFETHEEHITHITH

{5 F mpidpy ik

PythonZwf2iE 5 f2ff I R BHIMPIELEAY R 5 HATIER, H A &A B — M el &mpidpy # - EFEAEMPI-1/2075
Zz b, HRET PN RRED, (ERBEMPI-2 C++485E © AIRIRZE—C MPIAF, JB A6 Z BRI 5t T 0
FOPHEIEO T o Bk, ‘EfEPython L PR LA /E— P2 RERL UMPIZEAH -

REJFER SN BRNAERI E N A0 FR:
v A R
v REEE

v $HER



g T
N ATEWindows F ZEmpidpyUid 8 (W FHMIRIERSE, 1E5%
http: //mpidpy.scipy.org/docs/usrman/install.html # )
1.Mhttp: //www.mpich.org/downloads/ N #MPIEA{:ZEmpich, T#ETTHE 41~ KRR ©

€ 4 mpscheny 5 mpich +Fom windows s 08 4 488 e =

M PIC H High-Performance Portable MPI

Home About Downloads Documentation Support ABI Compatibility Initiative

Search
Downloads
® News
e il T— y = Documentation
MPICH is distributed under a BSD-like license. NOTE: MPICH binary packages are = Daisrilanads
available in many UNIX distributions and for Windows. For example, you can search for it » Support

using "yum” (on Fedora), “apt” (Deblan/Ubuntu), “pkg_add” (FreeBSD) or “port”/"brew” (Mac a About
0S). If avallable for your platform, this Is likely the easlest installation method since it
automatically checks for dependency packages and Installs them. Otherwise you can use the

nstallation guide for installing MPICH from the source code below.
‘stotdtion guide g MPICH2 was awarded an

Release Platform Download Size R&D100 award in 2005
mpich-3.1.4 (stable release) MPICH [http] 11 MB
hydra-3.1.4 (stable release) Hydra [http] 3 MB
(mplexec)
MPICH Tk 7T H

2B TR, mEFELE G B TR T A S A a5 RAT o

3 NE B 1 A 2 F 7R 57 #3247 msiexec/i mpich_installation_F4le.msisf Z3EMPICH?2 °
AEEFGIREF, A P %ARMPICH2IX — %75 ©

5024 Twmpiconf)g H A7 F 7 44 SR o i F LAY Windows B 3k I 7 44 5 85 RY

6.%C: \Program Files\MPICH2\bini N E| Rtk 12, TLAEFHLAR ©

7.1# Fsmpd-status £ Esmpd, [ 1%i&[Flsmpd running on @hostname® ©

8. ZBMAHATINE, 153 A@MPICHROOT \examples H 5k H{# Fmpiexec-n 4 cpisfiz{Tcpi.exe ©
9.Mhttps: //pip.pypa.io/en/stable/installing.html T~ #PythonZ 3% #5pip, U1~ EF7R °

X2 TEPythonZ %% H KA Scripts H & # Al i —pip.exe X {4 ©



 Somch — WPt B T S o B B ineatution — ppi1 doc.. x R T
mpich ~fow wndons 8 A 408-0 0 =

Docs » Installation () Edit on GitHub

Installation

Python & OS Support «
pip works with CPython versions 2.6,2.7, 3.2, 3.3, 3.4 and also pypy.

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

Python 2.5 was supported through v1.3.1, and Python 2.4 was supported throughv1.1.

pip included with Python

Python 2.7.9 and later (on the python2 series), and Python 3.4 and later include pip by default 1 5o
you may have pip already.

Install pip

& Read the Docs

Toinstall pip, securely download get-pip.py.

PIP N8 DL
1052 N ARAE AT LR HEI AN T iy 2 oK 2 mpidpy -
C: > pip install mpidpy

H R #RiE
HAVES FER — D SE LRI FR T i “Hello, world ! »iX—%2 B F £ I B MPUE TR Z IRk

thello.py

from mpidpy import MPI
comm = MPI.COMM WORLD
rank = comm.Get rank()

print ("hello world from process ", rank)
NTHITRE, ERAI T2
C:> mpiexec-n 5 python helloWorld_MPIL.py

PATHER W TFIR:
('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)
SLAFIAE A

FEMPIF , FHATREFHUTIRE P K agRe il L — MR R BEUFIIHEATIRA, X BRI EES (rank) ©
WMR—DEFAEp MARIERTT, IBAFRRAIZFEI 2 M0Fp-1 o F TR AIERIMPIR B T 41N &0 A -

rank=comm.Get_rank()
ZEE SR EE BRI RS R o commZEIUIEEE S, FAEE LT HOW—ER BARBEIHE,
I



comm=MPL.COMM_WORLD
R [F B E 7S a0 T E PR o

/?He

MPIL.COMM_WORLD 372 8] 38 {5 7= 5l

FIVAT

EfFEERE, HTUHRER, thEkEd EREEIFESRE RN, B2 N HRERFR R NA, BIE
RGN EFERERENY » B, FOGE T iXE—PEANLE: MPIBUTIERES BTy R E DR 225 R A%
BEAFE O HICRS, X R IR S B AR T IE S

ST OB

MPIFTH LA B B 2 — PR S S0BME . X TeR0E v IZER M RR A L b s — Mt gileE, — A
B e

PythontERmpidpyidEid DL T # > BEoR SEIL R0 s (F o

v Comm.Send (data, process_destination) : Ri¥#ii % ik%s EARdtfE, HARHIE R B HALEE R H T RIS BORRA
[ o

v Comm.Recv (process_source) : MIFFFFEEMER, JRHAEEEHEAAEGEEFIERRIMRR

CommZEFRiBER, TEN THEAE, v LUEHEMFSRERE.

comm=MPI.COMM_WORLD

HARHEAE

a0 Rl R T AR B comm.send 5 comm.recvig & TE AN [R] i RE [A] A2 HTHE 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)

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

i1f 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)
By N0 A KB ATIZ AR
C:\> mpiexec-n 9 python pointToPointCommunication.py

NERZBTHAE R 2R



('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)
ST A
FAEHMHEREARIZITIZ RG], XFEAEE(E a8 Heomm ', HUA 91 A LA I HIESS
comm=MPI.COMM_WORLD
A, T PRRBAFRUES SHE, FAMER T e TH rank(E:
rank=comm.rank
BANTE WAL EE RN DB AR -
rank B 71 0H#EFE £ (M rank (B N 4R FENCE #8402 — DB 3R

if rank==0:
data= 10000000
destination process = 4

comin. send{data,dest=destination process)

52 R, BATLATESE Erank(E 4R ENCE PR » th4h, (EREERZ, commrecvif AILMEE —PSE, %
SHARRE T R IEF IR A rank (E:

if rank==4:
data=comm.recv (source=0)
KT =X & EE SENCE R, B8 rank{E0 A 0 1M8, E—H, ME—RZRITE TEIRRAAAF - 18
RO, BATRERZ— D FR R
if rank==1:
desStinatich prEecess = 8
data= "hello"
comm. send (data,dest=destination process)
$f Trank (B H8HVIENCE HAER UL, H A EE H 2R rank (& X A8 E
if rank==8:
datal=comm.recv (source=1)
NS4S T FEmpidpy F1 S AN s SR AE P



KikE e

Rk TR AE

/

2
RVFRIE

LG

i

\ 4 A 4

R IEIBM R FIPhs

XRE— PR RE, BFEN—MES (£iEE) ZEEIEAgS —IMES (BUCE) BIOX R - Z%E
SNBSS ERE A ERVEGRE K B oot (BfiE #F2) | BTSN T8 2 Ar Z I a0 TE B AU RIR -

HRY 2

comm.send () Scomm.recv () ENEGEPHZERE; EISHERAE, BIRMWEIEWZ 2R R ik - ZEMPI
L BWRMA R SEIGE BT

v R

v [FB R

FERMEAH, SRFAENEIESESIEIRMX G, MEEHMSREERETFF - XHFAEREHEECEHAE
BB T c A ERPERY, HAEEMANPERHET G EBOE SR, WET 2% 1L -

JEE G TE B[]

HA Pl e — % WA g e 8 - SEBHERR M 2 Z MR 2, — MRS R A — iR RT A
EHfERBE B IR E, RKZIMA o mpidpy SR ARIZ AT B AR ThEER PRI — AR, B HERHE T —L2s3E,
T %3 5 BB X Lo A S TE B R -

H AR

HAVFEAR AT AN F Python U, XBUUHEZ5IA— N ERFISEBRRT; HATEP DR, Hrank(E 5 5% T 1HI5,
ENZEHIEE, &8 & HE SR 208 E SEEREICE R EE:




from mpi4py import MPI

comm=MPI.COMM_WORLD
rank = comm.rank

print ("my rank is : " , rank)
if rank==l;
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)

KIS R
ks TR (AR ERERBITI L) | 2 RILXM RS ICERE 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)

XA HRRE S NS AP EEMOE R, EERMET o XEE AN HE comm.recv () MPI5comm.send () MPIZ ¥
HIHZEE o XBWEEHHBESEHFHSEAM » X Tcomm.send () MPDEVL, BRI EEIEC AW LR 2, A
DIFENMEMGE BRIE L N B R © 52482, commrecy ()  MPIFJSERIRIIZEIE B S IR B al LAFE A - I T #
X — AR, Bl 1y e R 23S Hicomm.recyv () MPI5comm.send () MPIRIALE, 0N AF-:

if rank==1:
data send= "a"
destination process = 5
Souree process = D
comm.Send(data_send,dest:destination_process)
data received=comm.recv (sSource=source_process)

if rank==5:
datd pends Th"
destination progess = 1
source process = 1

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

A, XMERTT R BRIGEEAIARE 2 IEHA, HETIZE R o B T8 E &S HEP KT
Ky, T%kiHX Zcommsend () MPIE IR LEERATITT, LR T BENS-F- 1B B 1T BRI T2 IR I X AT LUK BT A AL
¥, GNP SBOUM: ZRFETCEARTEEIR, WG O, mEBCE TREIEEuE, ROy
comm.send () MPIBHZET , JLIRSERL o JXHT, BEGILHIET— TR T RBL2CH AL S BRI A B, 5 TEN12
BAEXTFRAY:

if rank==1:
data send= "a"
destination process = 5
S@lkce progess = &
comm. send {(data send,dest=destination process)



data received=comm.recv(source=source_process)

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

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

w&Ja, TSR T IERRHE 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)

HIRY B

FHEHAETEB R ME— R T ot B NMRIREEL, TS T M4 E IR AGETE BRIV A S EOCR
H AN EERE B A o ZEEH {ESendrecy:
Sendrecv (self, sendbuf, int dest=0, int sendtag=0, recvbuf=None, int
source=0, 1int recvtag=0, Status status=None)

WARAT I, FrEAIZ %5 comm.send () MPIflcomm.recv () MPIAH[E] o thAh, fEIZREIF, BRNESFHZE, A4
LT Z B BRI HECR I, ERMBEETILERE TR TREL ZE SRR, NS 7588 o #id
XA, LRI AR AL T R X



if rank==1:
data_send= "a"
destination process = 5
source process = 5
data received=comm.sendrecv (data_send,dest=destination process,
gsource =source_process)
1f rank==5:
data_send= "b"
destination process = 1
source process = 1
data received=comm.sendrecv (data_ send,dest=destination process,
source=source_process)

e RE IR AR

FEHATRBEBOT LIRS, BONEESBIXHENEN, aTHEEAL MIRALEE N T ENME, BEH
ZHENHREIHR AN 2 BARE BRIEARNIE) -

N T fRAX R, FAER TEEW (e, JHRRom i iE1524 EE80E, #2115 2005 BB EE & £ e
3-4~5-6%) o

MPIER M T — 3B 5 E S L MR AT E B 2 F AR KE, BN BUTRONLES BT TIRIFAIE
fE

A2 ) E At R AT R T B R BRI N EFTR ©

soeow

MIEFROZFFEL ~ 2 ~ 3 ~ 4B %

W BT HAEE R E A RRIEE A EMERGEE - A, BEBE—BoRUES LA DL ER#HEE o R
o, BATSKREBEEMET 1, Eh— M FRmE AR L 2R REEE o 7% mpidpy D BEE A0 T BN ARt
H:

buf=comm.bcast(data_to_share,rank_of_root_process)

FEREUUERAE B ER T AE B AR S E T commiB (F 270 AR, ik, B FFREEr o 258 4R i root
HcommfERFHTE -

HAKSRAE



BT RARGIER T #EE o Tl 1A —MRHERE, Hrank(H%T0, B 57 LAERRE a2 TRy H M FE k=400

variable_to_share:

from mpid4py import MPI

comm = MPI.COMM WORLD
rank = comm.Get rank ()
if rank ==
variable to_share = 100
elas .
variable to share = None

variable to share = comm.bcast(variable_ to_share, root=0)
print ("process = %d" %rank + " variable shared = %d " \
¥variable_ to_share)
NHEREE T 10T RRREE A H AR

C:\>mpiexec -n 10 python broadcast.py

process = 0 variable shared = 100
process = 8 wvariable 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

LA A

rank{B 71 OH AR RG22 B variabile_to_sharefE L1 5100 « %240 & 2 5185 e 2H PRI H MR

if rank ==
variable to share = 100

FTEIX— 5, A8 BT s EE A

variable_to_share=comm.bcast(variable_to_share,root=0)

XH, HEH SRR R R EGE DR RRE R FAGKE IR, B ETRYE R AT RAVIBEE o i
FARIEES, FATE — 1A 101 A2 E4H, variable_to_shareZ 7E2H H N HMHEFHILE o )5, printiEA)&+T
EI 24T H 3 R A rank (B H AR B AV(E

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



FIAT

HENTRAEE, HATATLISEI—MANIFEL AR R R AT HIE 2 - mpidpy 52 BE T R & EE RIFH 2R
A (BE2MHERRESE, BRRMREETULZefM L) -

HILHR G HRIER L T LI

v BN IRRR B R 2 o

v B EIIRE:

O N—ERE AN B E A BB R 3825

O R P A ARV R B — N RE -

O N — " REREEURE 7 4 B EL AR

v IR -

fit FscatterSEINER & (5

scatterfJ IR R, Tscatter) 1, A A—TEHERIXA], £ comm.beastZ [A] Fr A T FE & 12X RIFERUEGE, (B
comm.scatter£1 8¢ AEUZETE G EIR IR AR 45 AR FE o T B EI/R T scatterfZHEE ©

FERE WA FROB IR 2R3 /21 ~ 2 ~ 354
comm.scatter BN AU SN H TR, HRIEHF RS RER BN R AN ERE « 1R S WA LS HIR,
FE2D TR S ARG IREL, DAL o %A E mpidpy AU SSERAN T AR -
recvbuf=comm.scatter(sendbuf,rank_of_root_process)

H R iE
FEFE N RARBIF, Bl T2 N B ALE I scatter D BERFEE 70 & 28 AR RE




from mpi4py import MPI

comm

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

1f rank == 0:

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)
b e AR R 45 SR AN R R

C:\>mpiexec -n 10 python scatter.py

process = 0 variable shared =1

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

SEATIHG i

rank{B A0 FE 2 Krarray_to_shareBUHE 4514 70 & 44 HAM A FE:
array_to_share=[1,2,3,4,5,6,7,8,9,10]

recvbuf 5% 3% 7R 13 comm. scatter i 7R B G IR A i N H AR i AR R IE:

recvbuf=comm.scatter(array_to_share,root=0)

EfS—HEHE, comm.scatterf)— M FRFIZ IR AT LLELE 5 P47 A+ Frfa @R AU R T 8 SEFR k.,
RAGETTRRER L T s @Rt CREIF A3 | IBARERXHE— R



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\mpidpy\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\mpidpy\src\mpidpy.MPI.c:34035)

File "pickled.pxi", line 129, in mpidpy.MPI. p Pickle.dumpv (c:\users\
utente\a
ppdata\local\temp\pip-build-hl4iaj\mpi4py\src\mpi4py.MPI.c:28325)
ValueError: expecting 3 items, got 10

mpiexec aborting job...

job aborted:

rank: node: exit code[: error message]
0: Utente-PC: 123: mpiexec aborting job
1l: Utente-PC: 123

2: Utente-PC: 123
LAY
mpidpy FEIRFEHE T S AN A BB T RUEEEE -
v comm.scatter (sendbuf, recvbuf, root=0) : Z-FFAHFELEME RS — FHRRAVETE & %
YHFT R HAMHRE -
v comm.scatterv (sendbuf, recvbuf, root=0) : &¥F—HF— NHFEREIE L B4
P Bt 18 o FE & 20, EF LUARAREENEGE, W5 EH ] LIAE -
sendbuf 5 recvbuf SEUL A E I FRAVTE A H (KBTS0 S B % comm.send)
buf=[data,data_size,data_type]
iX H fYdatab i — DR T RN 5, H A/ Hdata_size, Z57% Hdata_type °

% F gatherC ISR &85

gather BN EL & T T S scatterdH R BT EE © TEZR BT, Fra iR SRt iE &2 A 50, RS s En
R o gatherBNEXEmpidpy H FUSEERAN N FroR:

recvbuf=comm.gather(sendbuf,rank_of_root_process)

iX B ffJsendbuf & & £ FUEHE, rank_of root_processZ R AT A EHRAHBEIICE , ~EEW TEFR °



6 &
/
D

MIHEFRL ~ 2 ~ 354U TR

B ARBAE

FEIZRGIF, FATEEFR EE AR B - BT RSWEE CRIEUE, BRSPS rank({E 9 0 HR
T

from mpid4py 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 ==
print ("rank = %s " %rank +\
"...receiving data to other process")
for i in range(1l,size):
datal[i] = (i+1)**2
value = datal[i]
print (" process %s receiving %s from process %s"\
% (rank , value , 1))
e, BT REEEGRS:
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



RFFFE0S W M4 MRS GRE, B EE P RRIVIREE -
SAFINE A
BN TEn M HERER AR
data=(rank+1)**2
WAL R Irank B 0, AR 2 BIEHE & U B2 EH -
if rank ==
for 1 in range(l,size):
data[i] = (i+1l)**2
value = datal[i]

BRI 2B a0 BRI -

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

HIBY &

mpidpy et T a0 ERECRIC SR LR -

v BB E]—ME55: comm.Gather ~ comm.GathervS comm.gather ©

v UEER|FT A £55: comm.Allgather ~ comm.Allgatherv5 comm.allgather °

5 F Alltoall 22 H1 28 4058 (2

Alltoall 5§ 5815 A T scatter 5 gatherfJ I B ° mpidpyH A 32K Alltoal 2R &5 ©

v comm.Alltoall (sendbuf, recvbuf) : all-to-all scatter/gather \ 2H # A¥all-to-all i 2 & iE 5 -

v comm.Alltoallv (sendbuf, recvbuf) : all-to-all scatter/gather \2H - fall-to-alliAFE & X EHE, 1ROt T ARIEGE
BEmER -

v comm.Alltoallw (sendbuf, recvbuf) : |~ X [fall-to-alif (5, ZFFEENHEMHAARKE - NEWEES NFEE
TER LB -

HARHERE

AR REF, FATRF2%E 21— comm.Alltoall N mpidpy Ll o A 15 E— 1 H#IEANEE A, Hhe P #Esm
AR EHAMHRE L R — D EUE R B REAH, b o N E A AR RO RY R A -

from mpidpy 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))
24T Bt AR, R E R PR R R 5, W AR TR



C:\>mpiexec -n 5 python alltoall.py
process 0 sending [0 1 2 3 4] receiving [0 O 0 O O]

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

process sending [ 0 4 8 12 16] receiving [ 3 6 9 12 15]

1
process 2 sending [ 0 3 6 9 12] receiving [ 2 4 6 8 10]
<
4 sending [ 0 5 10 15 20] receiving [ 4 8 12 16 20]

process
SEAGE
comm.Alltoall 77 1% M55 Hsendbuf F A EN i 5, SRR H A ] 2 i Irecvbuf AU B X RAL -
BN XK E AT LU I R TR A R

S T R 0 BN 0 |8 ©
P, | & & 8 '8 1 B2l 3 |4 5
Alltotall
P, || & 3 'B 8 A2 # 2 g 6 |8 10
P, I @ |4 8B #2| 18 3 B8N 9 M2 15
P. | B &5 40 45 20 4 8 12 16 20
Alltoal 3R 38 {F

FET Rk X L DAAERE U B -

v P E SHEIELCH 1 2 3 4], THOKLE S, B1AAIEP,, KRG HEP,y, KRB HIEPs, Rk
ﬁ$§P4 °

v HFFEP B S EIREECH0 2 4 6 8], TROMLEHIERy, F2M%A HE, KRG HEP,y, Rl HifErs, Krelkss
ﬁ$§P4 °

v HEP L EEIREAE0 3 6 9 12], B OMKAHTEPy, FIIMKLLHIEP,, F6MRL B E, KoMAHEP;, FF12MK
Z{a\ﬁﬁh °

v SRRy S EIEECA0 4 8 12 16], EHORLHEPy, FF4LAHIEP,, Kl iHiEP,, K12L B S, K16
mﬁté{a\ﬂ‘ﬁh °

v HREPLE SEIEECA 5 10 15 201, EFROIKLEPy, KFSMRZEHIEP,, FF10M4HEP,, K154 # 18Py, F520
WAEE -

R R

All-to-all MAEWIEE X MERAHe o iZIRE R HTESFOHATEIE T, PR B2 e ~ JERERRE ~ hieHEF LU
—BEIATHOBIE R RS -

TESRRAE
bl T comm.gather, comm.reducet! & 7ERE N HFEF UL — M ATTEIVEEE, FR— 15 H T ZR0EEER[E AR
R W TEE S TILREER
AT Empidpy FHE T 40 B A)E TR ERAE:

comm.Reduce(sendbuf,recvbuf,rank_of_root_process,op=type_of_reduction_operation)

EfF—HEAE, comm.gatheri® MBI TopZ T T, EIEHTEIRAEXEWE T A AVERIE, mpidpy R & T
—H AT LUBE FHATC SR AE © FAMPIFTRE U — SR B EA 40 R LI -

v MPLMAX: R[A|§gAKHITTE °
v MPLMIN: R[E|&/NATTE ©



v MPLSUM: Xf L2 KA o
v MPLPROD: KT TEMH -
v MPLLAND: MITREHUT—MEZHIZH -
v MPLMAXLOC: & [5] 5 KB LA K ARA Z i R ABE ) # A2 B rank(E ©
v MPLMINLOC: & [0] &/ ME DL KA % &/ MER) 2R rank H °
HAR R
WAE, BAPREFRWALRET LRI AEMPLSUMH B H — MEH T IR RZ I o B MERSRE— DR/ N R3RIEA -
T EEHBR R, Tl 168 A T Python B ERnumpy T (LA B £k
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))

comm.Reduce (senddata, recvdata, root=0, op=MPI.SUM)
print ('on task',rank, 'after Reduce: data = ', recvdata)

i A 3 ERE BT A ORI (5 B 4ORIB AT B AUIS 2 & A0, BIFTERERVECERI R - BJG, SRWT 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 = [ 0 6 12]

SRS AR

FT HATICRRAERA, A 1A T comm.ReduceiB ), HFHRFHFEMrank{Hi1% 70, EEE Trecvbuf, HTFRR
TR AR

comm.Reduce(senddata,recvdata,root=0,0p=MPL.SUM)

PSR, ER—IRAR, fH0p=MPLSUMIEIN, Bell AR FIE T HAMFTETLE L o T B IR
WAERITITR, KB TR -



sendbuf reduction

MPIL.SUM
recvbuf

CREAEE
RIEBRAEWTT PR
v FEFEP A A EIEEAAI0 1 2]
v P A A B R0 2 4]
v FHREPy & EEIR A0 3 6]
CREBES RHBNMESEIN TR, RERERBEINEEPEAEF R E N TR B L -
SFFRCHRIER, I REP S BB BIR A0 6 12]

AR AL S

MPIFTHE BERD — B BRAVERE & X TR AIRIMG o tngifrik, FrEREEIR (R REERSE) BEME—HiHk
1 e 1S 2EHFHMPI_COMM_WORLDA, EHE THIEHE - E2NET R/ IninEE e — M #EE s —
N 0ZEn-1frank({B ° A, FA 1A DUE MPIRIREE 88 3 BL— 1 R FUFRTD o ‘B RANFEIRIHEREE LT FFFRIUIREE o iXFh
HLAEIFT DASR A HITIERE o SEPR b, R TREMIATL, AT AR5 HEMAERE, XU T -

tean, anFRrank(EEREYLBCHY, AR ATHBAEZNE B (BT B & S0 IR 2 HA T A o BT IREERI LIS, EFaTh
AT A ORACHS S DNTE M, AT RLMEBEAF o MPHRHE T IFATEIRTD o SE—Fh 2 AIEE K LIRS, BN &0l Ak
BIRIFREN  FRIRY, X TEIME ORI, AT N8 B G Y [ S AR AR RE o X B H R JLIRFD, @i
BRI LRz R AER . R ~ SR SRR o AT OIS R LIBFN B E T AR

comm.Create_cart((number_of_rows,number_of_columns))

iX B fnumber_of_rowsSnumber_of_columns %Al T8 7€ T 4 Z QI i A AR BT TS B %KL -

HAREE

FEATR G, FATR SNBSS — D KN AMh NEVE R JLIRTS o thh, Tl HERE ST —2H AL Rk B 4 1 2
R BT R AN T AL ER Y



from mpi4py import MPI
import numpy as np

UP =0

DOWN
LEFT
RIGHT = 3

neighbour processes = [0,0,0,0]

Il
|_l

if name == " main ":
comm = MPI.COMM WORLD
rank = comm.rank

size = comm.size

grid rows = int (np.floor (np.sqrt (comm.size)))
grid column = comm.size // grid rows

if grid rows*grid column > size:
grid column -= 1
if grid rows*grid column > gize:



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,
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]))
EATIAE, FH SRR



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

|
w

neighbour processes[DOWN]
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

SPFREAHRERUL, i ROZOXEEE#:  40Rneighbour_processes=-1, APA B A HIMEILFHERE; SN,
neighbour_processes% i 7w Hi 5511 3 2 Y rank (B

LA A
HERITRINE — D20 200 FPIREER (S5 ZBIRFPIRIE) . HARONETRAR RS, A4
grid ¥ows = inti(np.Flool(hp.sgrt (domm.size) ))
grid column = comm.size // grid rows
if grid rows*grid column > size:
grid columm == 1
if grid rows*grid column > size:
grid rows -= 1
BT RWEEE R IR
cartesian communicator = comm.Create cart( \
(grid rows, grid column), periods=(False, False), reorder=True)

AT HEENHRIAE, FAIU B EHGet_coords () 77i%:



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)

Wiz, ®M1E:
neighbour processes[UP], neighbour processes[DOWN] = \ cartesian

communicator.Shift (0, 1)

neighbour processes[LEFT], neighbour processes[RIGHT] = \ cartesian

communicakter.Shift {1, 1)
Fig 2R PhiNE e T TRl ©

FE LR 20 29 Fh

HERY R

N TR =R/ Mh NRVBRBEFRFN, B 1A T T ARH:
cartesian communicator = comm.Create cart( (grid rows, grid column),
periods=(True, True), reorder=True)

XA AN T



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

nelghbcoly prbcesses [LEFT] =1

neighbour proeesses [RIGHT]=1

Process = 1 row = 0 column = 1 ---->
P] = 3

DOWN] = 3

LEFT] =0

neighbour processes[RIGHT]=0

neighbour processes
neighbour processes
neighbour processes

[U
[
[
[

Process = 2 row = 1 column = 0 --—-->
neighbour procegses[UP] = 1
neighbour processes[DOWN] = 0
nelghbiotr processes [TEFT] =3 nelghbour prodesses [RIGHT]=3
Process = 3 row = 1 column = 1 --—-->

neighbour processes[UP] =1

neighbour processes[DOWN] = 1

neighbour processes[LEFT] =2

[

neighbour processes [RIGHT]=2
BRI N E TR o

FEIURSRTETE 2h 24



4 7 RiE

AEFEENE:

v 411{A] {5 F Python# Y concurrent. futures i 5
v i ] AsyncioSE IS B EAE 2

v {5 A AsyncioXb B ) R F2 7

v {# A Asyncio® B (LS5

v (i A AsynciofFutures

A

BR T ERMERIATHAT A Z S, I — MR R PR, ES5FEMYRIE (event pro-gramming) —HE, XA
RURERER - EROHEBAGIMZ BER ARG, RAEHIITERET R R — D E RS -

FEFHFRPATIR SRS, SRIEESER AL DR EARHN, eV R—=hin (B%E) Nt
[ o —MESHIPUTR LIRS, REREE, ANdX B 7 HMESRIBATI A o TR 75X M -

Task 1 Task 2 Task 3

>

Time

e

EMRETIL, (£55 (AARBIEGERR) ZEBHACE, (EMER —MREMEHZ T, XERE G PITEMES
B, HARESS AT - ZEERERNAS RARRPIHFLAHEAEN — P RBXAIET, 8 HRERGIIVEES T
AR AL, BIRGE EREDMEENENF TR R — MR, T/EHZEREF RERE MR RS E, IR E5A
—NERERU -

B BT LIS FE 5505 Hy— RO AT LUAIBT ST RO NS B L, SIS S5 B P 55— S50, 7D
WS R S5 B o VR AN T R B A o

% A PythonH"concurrent.futuresiz

& Python 3.2RRZARHIA G, Python5| A T concurrent.futurest&tflt, STHRHEHEH L IRIEESS, WHFREMAIZLREW ~ 9F
WEMERTIR A Z AR R AL [ 2 -

YRR EELLT LS -

v concurrent.futures.Executor: XA=—MMH% 2, BRESSHITREBAE -

v submit (function, argument) : ZHEFEAEEL (WM FERANSR) #HLESEGUT

v map (function, argument) : LLFBBEEHEHI%EE S HORMITEEL -

v shutdown (Wait=True) : [M#HfT8EF (executor) ZFHRBHEIREIES -

v concurrent.futures.Future: #f2E— [ i AR S HUT o B RPUTHRRES GRALESEIEE) Sk
SEFIE Future ¥ % »

HUTEs & — MR, B H IR &FEaHFFEAExecutorPools © SEFR I, SEGIL R FERN R — 1 LLECHE
HWIRRIESS, BT R X S BRI GRS, BN EE A ST (launcher) ELHUUTES (HUTAIESHEE
Hitbmsk) |, AFHITEHFAHITES -

15 F AR R MO A A R HE

— MR EATE . (MBI ML) FRAOEFRUAL ~ B LFE T N EREAR AR (5 F AU B ES o SE Hifk,
YR LA Al poolerf@ 28 K FHEHUUTAIMESS © iXMHF B A — MEHUTES IS, LUK — S HAT X S S5 H &2 ul itk
B, W rER e Wi —1E IS EEH: — 1% EofE) EHRAEGERY, #HE2RATFHITARPE

N



55 o BT QIR BRI, 2T T R AT AR AOTERE - BREAASRIFRATR, [HEMZR
ERE Y BLFE HL R A AR E B R R 2 —

£ %7

@@©—0O—
0 00ee
@ — O—

TRNES

i

& TAE
1 current. Futures &1t T ExecutorRFY M D28, 3X D20 A1 AT DL 28 U A B — DR A8 MR — DA - B
152

Vv concurrent.futures. ThreadPoolExecutor(max_workers)

Vv concurrent.futures.ProcessPoolExecutor(max_workers)

max_workersZ £~ F T 7 HUT F AT S KworkerZt & -

H ARSI

NHEAREER T R AR IACAER » ZEHUTRIESS 2 A — 1 HEF 1~ 104 A5 Fnumber_list, #F
NHRFPENTTE, HUT10007 THECE (SRR TIEERR) | RERGEIE S Z T EMETE

IXFERITE, AT ATE M LA DL AR O

v &MEHUT

v H&5 1 worker& FE &R

HE TEARE:
#
# Concurrent.Futures Pooling - 35 4 & : R%iE
#

import concurrent.futures
import time

number list = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]



def evaluate item(x):
# T, BUEAN T IIT R Em B
result item = count (x)
# FTEN NI J 45 3

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 ":
#HH ZPEAT
start time = time.clock()

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

#H BAEBAT
start time 1 = time.clock()
with concurrent.futures.ThreadPoolExecutor (max workers=5)\
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 HARMINAT
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 LEAORTS, R EE TR AR,



C:\Python CookBook\Chapter 4- Asynchronous Programming\ >python

Process pool with concurrent futures.py
item 1 result 10000000
item 2 result 20000000

item
item
item
item
item
item
item
item

3 result 30000000
result 40000000
result 50000000
result 60000000
result 70000000
result 80000000
9 result 90000000
10 result 100000000

Q0 1 o U b

Sequential execution in 17.241238674183425 seconds

Asynchronous Programming

item
item
item
item
item
item
item
item
item
item

4 result 40000000
result 20000000
result 10000000
result 50000000
result 30000000
result 70000000
result 60000000
result 80000000
10 result 100000000
9 result 90000000

o oy N W o PO

Thread pool execution in 17.14648646290675 seconds

item
item
item
item
item
item
item
item
item
item

result 30000000
result 10000000
result 20000000
result 40000000
result 50000000
result 60000000
result 70000000
result 90000000
result 80000000
10 result 100000000

O 3 o U b NP W

(0]

Process pool execution in 9.913172716938618 seconds

LR

TATE AR TS F, FhEEnumber_listH o M FHFRFHENITTE, BUTIHERRF, ERI5ER10007 K%
o K5, FATHEHERIAYLE 3 L1100 000 000:



def evaluate item(x):
¥ I, BEN T T EmE

resulE, item = couit ()

def count (number) :
for i in range (0, 10000000):
i = d+41
return i*number

FEERFF, BATESCUSMERAITES:

if name == " main ":
SEaTE time — £ime.clecky)
for i1tenm 1n number 1ist:
evaluate ltemi{itemn)

T, EHEBE A, FATHE F concurrent. futures BEER FIHI(L THRE, I — AR

with concurrent.futures.ThreadPoolExecutor (max workers=5)\
as executor:
for item in number list:
executor.submit (evaluate item, item)
ThreadPool Executor (it FI H AN HE O A ML AR T4 B IR SS » B RE BRI+ B TARRIS1MERRE o B2 it
FEREBEZHPITDLE (ob) - HUTHELIEE, SRR EEMRBEGERN T — T/ -
SRS TR, FTERRUTHS (]
print ("Thread pool execution in " +
str(time.clock() - start time 1), "seconds™)

ZL{# FProcessPoolExecutor K SLHIF AR, AT LUXHES

with concurrent.futures.ProcessPoolExecutor(max_workerS:B)\
as executor:
for item in number list:
execeutor, sublmi r{evaluate 1tem, tem)
5 ThreadPoolExecutor38{ll, ProcessPoolExecutorse—"HUT#s 73K, (FH—M#FEmFSHITAA - EEAFER
&, ProcessPoolExecutor i F i) @multiprocessingt& 3k, 535 7 LLLEFA B 2 /5 R 859 (global interpreter lock) , K
W R AR PR AT IS (8] o
HIRY B

JUF-Fir R 55 ansm B #R AT 2 T 3tAL, R0 8 BBk B EREE R Fimi KB ZEK o ThHidA A DH bR
FESREMESLZPIT, SN HUTESHISRE R & F ARSI - FEXFEL T, AR BI IR

155 F Asyncio 2 I S - E A H

PythonfH Asynciof@ fit T EHHE 1 ~ ik ~ [ESMEENIEE, DUNRE H L RBIFEDZEE (synchronization
primitives) © %R I B H DUNE AR AL ©

v H{F1E (eventloop) : Asynciofik >z Frf M IEIHE — M FHIFIEEL -

v 2 (coroutines) : XZTHIFE (subroutine) BEZHNZAL o FHIL, WIEAERITES AT LI, DISERrMRALEIRE
Froent, (VOFRIFEANFIFTRER) | AMERAL AR P45 55 W E 5 2 Zba [A] -

¥ Futures: 7E X T FutureXt %, RCERT MARTEHITE P concurrent. futuresfi il o
v {155 (tasks) : XAEAsyncioFHI—F3, HTHBEHEHEHAITEX TaOHE -



FEXAEGIF, EAEMALEE - BEL L, BEERPRENIESR N RIFFEREN, FEAR EERE

H o

(/= LRI
TEE RS, BT BRI SRR R (event source) , T 67 B3 1 il A5 FE 2 () SEAR U R R Sy A4 A2

Hg% (event handler) o B AIREIRAFTEMIR N FAFIEEANE =DSHE « BSCH T EEIT RN A FADIRE -
HERYE, ERFHUTHIR SRR AR &, BRI BIREE NI ERFE, REBABRS, k%A
25 RN F SR A B — D — D UG X BB A - BRJE, Bl TRE — BB R E B s p DoAY -

while (1) {

events = getEvents();

for (e in events)

processEvent (e) ;

}

whilefEIA T FT B A OB ERHIE, ARG 8 — 0B o SRS & RGP ME—FITRIIES) « TR0 HERE,
Rig, BEHBERE T — DM AT -

g T

Asynciof@tt T LU T E B SEIEAR T4 ©

¥ loop=get_event_loop () : fFRZITHE, A LUK Y BT LT SCROEHIEES -

v loop.call_later (time_delay, callback, argument) : %5 {EZHETELA ERTBltime_delay®bf5 , 1 A 3 EIERS
%o

v loop.call_soon (callback, argument) :
[EIEIFEAEEAZ T, RIS REHRA -

v loop.time () : DL AEAIEZOR [EIHRAEFAIEEARYT A S0 B € AY = B [H] o

v asyncio.set_event_loop () : R FI BN SCHISFAEIAE N4 E B -

v asyncio.new_event_loop () : FRARE I EEHIHLINI O EE HR B — A FAFIEERAT 5 o

¥ loop.run_forever () : —EHUT, EEHHAstop () Mk °

HAARSEEE
ARG, HA TR R A 55 ] Asyncio FEAR BLRUTEEAF1FE ), QI — P RPRARINA < 1§E T ERIE:

GITTELHE— RS LG AR EAX R © fcall_soon () s&[E] ~ %



import asyncio

import datetime
import time

def

def

def

def

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

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

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

function 4 (end time, loop):
print (" Fungtien & ealled")
if (loop.time() + 1.0) < end time:
loop.call later(l, function 4,
else:
loop.stopi)

loop = asyncio.get event loop ()

end loop = loop.time() + 9.0

end time,

end time,

end time,

end time,

loop)

loop)

loop)

loop)



logp.call soon(funetion 1, end loop, leop)
# loop.call scon(function 4, end loep, loop)

loep,.run foreverdy)
loop.close ()

PA_E AR H % H 4 R B

C:\Python Parallel Programming INDEX\Chapter 4- Asynchronous
Programming >python asyncio loop.py
Fosigtion 1 ealled

Fusigtlon 24 ealled

Fisigtlon & ealled

rasigtoon 1 oel el

finigtoion 2 oalledd

function 3 called

function 1 called

function 2 called

function 3 called

LA A

FERHIF, BATELT = RBMES, SERKEAH T —MES, WTHEFR -

Task 1 Task 2 Task 3

Time

B AR S5 P T
TSR BRI, Bl 17 ZHRE A FAEEEL
loop=asyncio.get_event_loop()
RJa, Tl call_soonZEHEXT function_1 () HISE—IRIAH:
end_loop=loop.time()+9.0
loop.call_soon(function_1,end_loop,loop)
15 7E B function_1HE M.

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 ()
A DN S ECGE LT R REAT R -
v end_time: & X T function_1P#PRINFA] EFR, FHifidcall later/7 ¥ F func-tion_2 °



v loop: X &I ETE T get_event_loop () JFiERIRAIEAFIEEL o
function_1AESIFEE R, BUETTHIE ORISR, (H A DUEEE Z AR
print (" function_1 called ")
HUTSERESS G, Ffloop.time () SHIRBUTHURERAELL; SRUEEIECH12, WA AREXME, WEET
call_later /7 JEREEHUAT, FEIERT17D:
if (loop.time() + 1.0) < end time:
loop.call later(l, function 2, end time, loop)
else:
loop.stop()
function_2 () Flfunction_3 () PUTRIFERTERIE
WR A FE AT ], AR 4 L
loop.run_forever()

loop.close()

1% FH Asyncio b B2

N EENERZ ARG, BOER] BREFPEZEICKERN, RHERD AT FIRERY T e (F B AT BN E
A, BIFHRTH—MEENMES, HHFMESLINEGENEE - FORTEMIETT, REEERFNERTA
feiztT, FEFATHHEFHIRERER o hERETOIRERZN o S5FORERM, MERIT—IHESE, EAR
&, MMAERT TR R TR - XEZ2FNDEZ R AT DM EERE—E, BR—1EE, ITREEMREXE
BORAZIMF F AR o ZERES, T ERIT A, FR RTINS A AR, ET eS8k aitT - A TR
J&, R RBEEWHECHE. SITE— e, BRIHEHREERIR, REETHE DR, KIS -

RN BRI AR EF B, £ E— D REFRNCEN AL T - FHENEER 2R, %
HAATHYRSTA] ©

PR A B B S AL DU 5

v SRR Z A, ATLAEZIRAER (yield) o

v IEERERS R T EE RS AT H AR IAE o

AR (yield) XA TR LT (5 H-Re = HIRAE 545 55— IR RITIER o HI T DR w] DARII (& ) e A0
fH, “HER—ME” (yielding a value) X/M1E 1 H T Hi it 4B B H-Ri(E (LB 25 ARSI IR AR -

s TAE

FIF Asynciof s & IS, Bl A 75 26 F BRI AT

import asyncio
@asyncio.coroutine
def coroutine function( function arguments )
# DO_SOMETHING
H ARSI

TEBLBI, AR E 2 A A AsynciofN R LI — 1 B &5 RSB BRARSHL o BRRARESILEL B 5hill
(finite state machine or automaton, EFRFSA) X /MEEMARINY 2 T LR, N TR, EeE
AT EARRE o TATHEEAAOE L (automata) FIFT RN EIFIR



AR
e FEAE S, AT T RG0SR Sg~Sp~Sp~S3~Sg 0 iXEH, 0E4ZHIEEE N —MREEHET
—MIREHE GZIREGHRATIHE, tansition) © G, RS AETEE NN A REVIRES; . So VA TE(E J 0N A BEY])
MES, o THEHIPythonfCAEIL T HEIHLFTIE IR IAIRZSSo I HE E A5 HUIRAS S 4



# Asyncio APFRIRSHL

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

% (transition value)))

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

result = yield from State3 (input value)
else:

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

return (outputValue + str(result))

@asyncio.coroutine
def State2(transition walue):
outputValue = str(("State 2 with transition wvalue
% (transition value)))
input value = randint (0, 1)

time.sleep(1l)

= %s \n"

= %s \n"



prifnt{"...Evaladting....")
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):
str(("State 3 with transition wvalue = %s \n"

5 (transition value)))
randint (0, 1)

outputValue

input_value
time.sleep (1)
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("...8top Computation...m)

return (outputValue)

if name == " main ":
print ("Finite State Machine simulation with Asyncio Coroutine")
loop = asyncio.get event loop()
loop.run until complete (StartState())
BT B2 e, BTSRRI RN mAYH



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
s Bvaluating . «»
s Bvaluating . «»
.Evaluating...
.Evaluating...
.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
LA A

B EIHLEY IR E L LR 75 208
(@asyncio.coroutine

flan, RIS RIX B E LY



@asyncio.coroutine
def StartState():
print ("Start State called \n")
input value = randint (0,1)
time.sleep (1)
if (input value == 0):
result = yield from StateZ (input value)
else
result = yield from Statel (input value)

YR T — MRS Hinput_valueiR7E, T E & HPythonfrandom & Hfrand-int (0, 1) ENEGE LAY  ZEEL
BENLIE EEOBRL © 3B DX M5 {%, AT AREALEARE A BRAR AR & 8 (LB R

input_value=randint(0,1)

RFE T ARSI 25 FIHRESE, 2 Hyield fromdy <A T — P12

if (input value == 0):
result = yield from State2 (input value)
else
result = yield from Statel (input value)
25 Eresult2 B NMMBIREIHIE B —DFRER, ETREERN, AT LLEN B LA RS I8 55 4R

SRR -
FREFAEFHEANT LRI ESRE, W TFR:
if name == " main ":
print ("Finite State Machine simulation with Asyncio Coroutine")
loop = asyncio.get event loop()
loop.run until complete (StartStated))

5% FH Asyncio & BT 55

AsyncioflJ7 B @& LB AEIA P ) F b R AN H A HAT S « BElb$eft T — 1 {Easyncio.Task () #93E, H TR
IEBEREIEES T c ZEMARET, TERMLEITIES S5 R — 1 E AT R E MRS H LIBT o ThiEp R
REEHE, BRZESSEHEEMEEE, FHEBMTEN Bhatr, RHESRE T —F B shIRsith RIS

& TAE

AsynciotEHEE L T — MO BT ST B AU 7%, asyncio.Task (coroutine) ° 1% 5 1E A T REMREIIHAT - F5 M
HATEHIEA PRI RN 5 o AR BRI TIFE Mfuture BB, (ES5RFEEHUTHEEERNE, H S future T 585 -

TEfuture TR, BEEEEAIIIE Dlfutures® (A1 25 R B = EHF 16 HUT « 74b, BAILIER, — P FHHIEF
—IRK A AT —MESS o R EMEIEAES A FEPZEIEETT, WA I THITEAESS « FEES S R future T 58 R
B, SRR HUT — T ESS -

BARSCH]
TENHERECEE S, FATENE a0 T Asyncio. Task () & A)H & BT =2 E

1838 Asyncio.TaskFH & $UIT = M2 B EL

wow

import asyncio



@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(1l)
f *»=1

print ("Asyncio.Task - factorial(%s) = %s" % (number, f))

@asyncio.coroutine
def fibonacci (number) :
a; b=10; 1
for i in range (number) :
print ("Asyncio.Task: Compute fibonacci (%s)" % (1))
yield from asyncio.sleep(1l)
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(1l, k+1):
result = result * (n-i+l) / 1
print ("Asyncio.Task: Compute binomialCoeff (%s)"
yield from asyncio.sleep (1)
print ("Asyncio.Task - binomialCoeff(%s , %s) = \
$s" % (n,k,result))

o\
—
|_| -
S—

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 ()
R A i 25 SR
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)



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.

LK

TERFIR, Ff T LT = hFE, factorial ~ fibonacciflbinomialCoeff, IEIHFEBAIANE, B EWE

@asyncio.coroutineZEiffi ¥

WREFTPITIX=ES, BRERFENBMA—MESIIET, W

Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute
Task: Compute

Task - factorial (10) =

Task: Compute
Task: Compute

Task - fibonacci (10) =
Task - binomialCoeff (20 ,

factorial (3)
(1)
binomialCoeff
factorial (4)
fibonacci (2)
binomialCoeff
factorial (5)
fibonacci (3)
binomialCoeff
factorial (6)
fibonacci (4)
binomialCoeff
factorial (7)
(5)
binomialCoeff
factorial (8)
(6)
binomialCoeff
factorial (9)
fibonacci (7)
binomialCoeff
factorial (10)
fibonacci (8)
binomialCoeff

fibonacci

fibonacci

fibonacci

fibonacci (9)
binomialCoeff
55

@asyncio.coroutine
def factorial (number) :
do Something

@asyncio.coroutine
def fibonacci (number) :
do Something

@asyncio.coroutine

def binomialCoeff (n,

do Something

10)

ke

(8)

(9)

3628800

(10)

184756.0



if name == " main ":
tasks = [asyncio.Task(factorial(10)),

asyncio.Task (fibonacci(10)),
asyncio.Task (binomialCoeff (20,10)) ]

SR, FKHlevent_loop:

loop=asyncio.get_event_loop()

TR, BITE%:

loop.run_until_complete(asyncio.wait(tasks))

iXH, asyncio.wait (tasks) FfEEREEMEHUTIEE:

e —MEAF, BATRAFEEDL.

loop.close()

1% FH AsyncioflFutures

Asynciof&H 1) 5 — - e b 4H {4 & FutureZk © ‘B 5 concurrent.futures. FuturesEF AH1L, 1H.& 2 221% #8 Asynciod {415
R ENLHHAT T VA% o asyncio.Future RAAE— AT HRVEER (BB ATRE—DRE) o B, BEEN HTFH TR
EFHIHRER o

FSL B, APLEAAb BREE R A R R R AFIZ A SEH -

e TAE

AT AR € XA ReE B AsyncioH U Future X £ :

import asyncio

future=asyncio.Future()

GRBEFMTERTTIE -

v cancel () : HUH future, FFZHEEIEX S -

v result () : R[E future Fr{CFEMILER -

v exception () : iR[H] future 3% EHIFH o

v add_done_callback (fn) : #H1—7Efuture HUTHHZEITHIEEN S o
v remove_done_callback (fn) : M“EHJ5VEH (call when done) »%13E R Ex— D EIVEN R A AT A SEH -
v set_result (result) : *Pffuture FRICNE TR, HiXBEHLEER -

¥ set_exception (exception) : Fffuture Rl HEFEM, FHFIXE—THH o
HARSIH

T T RO IR T AR ] Futures RAE BN MU TE SRR, Brst_coroutinesFlsecond_coroutines © 41, X
DR 43 BIHAT SR BT B FIANTT Bn B TerIESS o AARBAnT



mimen

Asyncio.Futures - % 4 jﬁ i
import asyncio
import sys

# 3R n AEEEI
Qasyncio.coroutine
def first coroutine (future, N):
count = 0
for 1 in range(l, N+1):
count = count + i
yield from asyncio.sleep (4)
future.set result (“first coroutine (sum of N integers) result =
+ str (count))

e
@asyncio.coroutine
def second cercutine [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))

LA}

dal gobt resuli(futiire)
print (future.result())

if name == " main ":
N1
N2

int (sys.argv[1l])

int (sys.argv[2])

loop = asyncio.get event loop()



futurel = asyncio.Future ()

future2 = asyncio.Future ()

tasks = |
first ecoroutine (futurel, NI1),
second cereoutine (future2, NIZ) ]

futurel..add dene callback(got result)
futurel.add dene callback(got. resuli)

loop.run until complete(asyncio.wait (tasks))
loop.close ()

AT EARS 2 5, FATTERAS T 00T Ay i -

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

SRR
FEERFH, FATE LA fatureXT 5, SR RERE—#E -
iy  Jdie == R iad, | B
futurel = asyncio.Future()
futureZ = asyncio.Future ()
TERE AFSSET, BeA B future X SR AE NI FRRISES (T A .
tasks = [first coroutine (futurel, N1),

second coroutine (futureZ, N2)]
&5, BATEI— " future U TER2 TR R RS 52 -



futurel.add done callback(got result)
futureZ.add done callback(got result)
iXH, got_result@— M FTEN futuredi 5 45 R AR EL ©

det got result (futhre) &
print (future.result())

FE e NutureXf RIENEZIMEF, EROTHEZ)E, FANE - D IHREIEIDRIREIRE ], hEE — A MhiEiE4
FOHBERRAT [A] o

yield from asyncio.sleep(sleep_time)
SRIG, Fnicfuture N B 58AE, FEfuture.set_result () BB N EHLER -
ARRYR

TR (B ROREE AR (RIS J5 Bl 1T LUK 45 RAVIRFP BB R (SEXT S8 — I RR AR T X R 2
fE) -

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



5 434 Z\Python

AEFEENE:

v {f HCelerys & 1155

v W5 A Celery 0155

v #HSCOOP#HITRI %I &

v {5 FISCOOPAL M5 Ex %L

v i F Pyrodi A2 I FH 77 7%

v [ F Pyrod#E£2% 52

v {# FPyrod F & —~% F -k 55 e B H
v {3 FIPyCSPSE I 5 AR IE (5
v 7EDisco ' {f FIMapReduce

v i HRPyC A2 2

I8

AT B EAREEER TAER D A— 10— D IMESS, BHEE MMESE A R o 5040 =X 2% B FL i a] L2
EIC BRI TE X L S BRI S HORBILE R - oGRS, MATRTLEs LM EZ R ERIRE ~ BHME
MLElE B, S555) o b, RFE— ISR -

3 X FREOR BT R AVIRA AR, FEAETX (FWSEEE HErR) mE &R - TE - 4% HaEE
B o FHA, B —MEBE AT EEARRIER R A0 LS R EERTLER SRR E RS, XL RS0E
WHOEANHER c BEL L, HTHFEESMIIMEPEH SN, 28I T AR EEER o BTN EnE
ZRER & R A 4 ke o3 AR U R RO A RE Z BRI ERR EAEZE o T Te] DXREt, AR Y XA B ATE T HX A1 =
RN SHIF HEES o R &S 2R &% iG-S 2% (client-server) A7 o ‘B a] LR AL TSR] B AN H FA 3 R E
AT B SEINSEN IME, Rtk tERe b 2 BTRR BV AR RS, 5 & B RERFrA RS, T B ZE B 8wt it
B o K - IR S AR R AL R AR AR A (R KA A RER) | s s I (s A )
S o ZREERES A Python P SEHLX LU THRZEM IS 4 J7 58, ARIGHRVHE A T 1) % SR SR ] P AR S B 40 A =X 2R A
[, HiCelery ~ SCOOP ~ Pyro4 FIRPyC, DLIAE A HAAE 7 ¥ELIAIE, APyCSPHIDisco, J5 M f&PythonH1 % B
FMapReduceH &% o

% H Celery s £ 155

Celery/e— 1" H T E B AT U E55HIPythonESE , SR FH AR 2 T8I [m) 6T 52 (B AR D7 VA SE BN, o H 3 BRI A 3G A BEOR &
NEESS, HRESEGRETRT A - &5, BMESHNESEREHAEG, WEEANESR -

EAEE F Celery, FRATFTZELLTAM: -

v Celeryfith (HRZLFTFH)

v JHEH /T (message broker) © iX&— P AMEETF Celery FUEEEEM:, &—HEME, FT oA RES LIE#H
BARMBEWRER, WTEFR - EEHR B AEE R o BERTHEFEMS T RIEESHE o XK H AR Stk
7% (addressing scheme) NF& ST S0, T2 T YH B 20 o HAF A4 2 L AT AT o



WA LR 2 55
T A S RE L

SO BT R A
> [ <] G

=g
B F R R E R AR AR E G
FRAGEZHE = RIEHINMY

THRH M5

Celery X F Z MR AFNHE 7, HAo &N 7EHEAERabbitMQFIRedis

BRI

FAE FHpipZikCelery © TEAN IR ATH, BIALLNAF2:

pip install celery

NI, FANTLALEHE T o X BEAZ MR, [EERBIREIF, FJA1EHR)ZRabbitMQ, &2 — 1M H [17H
BRIHEE (R M E &%, broker messaging) , BESHLT mIH BT (Advanced Message Queuing
Protocol, fA[#RAMQP) ° RabbitMQ k%5 #s K HErlangiE 54m5 , HEMEH TH EERMBE T B E &

(Open Telecom Plat-form, HFOTP) HELR o EAHZLFERabbItMQ, 75 FEIEIT
Erlang (http: //www.erlang.org/download.html) , #A/5FF FH 2 TRabbitMQZ$E 8z Al A]
(http: //www.rabbitmg.com/download.html) ° RabbitMQF %3 AL E 77 ZAE— A [H], 2 5 ABOABL B EHAER RS

HR 551517 °

w5, FA1%$EFlower (http: /HJowerreadthedocs.org) . ER&—THATREES (BITHE ~ EFFHMEREKL
#9E) AIweb T A o

AR PR A LN a7, ZEFlower:

pip install-U fJower

NI, BATRIATEIECelery & R ALY © TR 5 fFH, WAL T4

C:\celery--version

Z G ROZ S ISR T T R SCF

3.1.18 (Cipater)

CeleryfIff FHAEF R, 40°F fios:

Usage:celery <command> [options]

X, ANEIAN N FTR



Optiongs
~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

--workdi r=WORKING DIRECTORY
Optional directory to change to after detaching.
—-Cr —~—hHO—~C0oloL

~ i, ——GLlet
--version show program's version number and exit
-h, --help show this help message and exit

2%
v WIAR T fifCelery 3t FERU B Z 4077, A/ [n]www.celeryproject.com ©

AT {5 A Celery Bl 11155

TEZ ARG, AR B F Celery BB FH LSS © Celery #RHE T LU N ARMESRITIE -
v apply_async (args[, kwargs[, ..J1) : ZEFZLENMEZHEE -

Vv delay (*args, **kwargs) : iXEAEESTHERIERETE, (EARSZRHAIIHATIRIN o

delay JIEF IR, 9 E R LMRE @ & — R A -

task.delay(argl,arg2, kwargl=" x’ kwarg2="y" )

{B{f FHapply_asyncfJi, 1RROZIXIES

task.apply_async (args=[argl,arg2],kwargs={ " kwargl” :" x" ,” kwarg2” :" y' })

BRI

WABRAT — DR ERAESS, B IFRILLLT P A



FUGREE—T, RabbitMQ MRSHELRTEME MRS A L HENET « B, MZHATCelery TIEE iR554%,

#H##
## addTask.py : AT MEJHAES
FH#

from celery import Celery
app = Celery('addTask',broker='amgp://guest@localhost//")
Qapp.task

def add(x, vy):
return x + y

¥ BAEAC

FH#

#addTask.py : 51T addTask 7~
i #

import addTask

if name == ' main ':
result = addTask.add.delay(5,5)

FRFF I LL N A<

celery-A addTask worker--loglevel=info

£

— TR A AR A0 R EIFTR

i

\
7/

!



‘Microsoft Windows [Uersione 6.1.76011 -
Copyright {(c> 2009 Microsoft Corporation. Tutti i diritti riservati. ‘—

\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDEX\Chapter 5 — Dist
ibuted Python:chapter 4 — codes)celer; = examglei worker —loglevel=info

[2015-A5-30 14:49:11,374: UARNING/MainProcess1 C:\Py

orker.py:161: CDeprecationWarning:

‘Starting from version 3.2 Celery will refuse to accept pickle by default.

‘ =

thon33\lib\site—packages\celery\apps\u

The pickle serializer is a security concern as it may give attackers
he ability to execute any command. It’s important to secure

our broker from unauthorized access when using pickle, so we think
hat enabling pickle should require a deliberate action and not he
he default choice.

If you depend on pickle then you should set a setting to disable this
warning and to be sure that everything will continue working
hen you upgrade to Celery 3.2::

CELERY _ACCEPT_CONTENT = [’pickle’. ’json’., 'msgpack’,. ‘yaml’]

ou must only enabhle the serializers that you will actually use.

warnings .warn(CDeprecationWarning(W_PICKLE_DEPRECATED))>
celeryBUtente—PC v3.1.18 (Cipater)
— M
* »xx % — Windows-7-6.1.7681-SP1

— e = WM ———

## ————————— [configl
¥ —————————— 3 app: tasks :0x2aB8df 90
W —————————— > tpansport: amgqp://guest :**@localhost:5672//
¥ ————————— _ > pesults: disable
¥ ——— ¥ ——— 3> concurrency: 2 (prefork)

e

MM ————— [queues ]

.2 celery exchange=ce lery(direct) key=celery
[tasks]

. examplel.add

[2015-85-30 14:49:11,512: INFO/MainProcess] Connected to amgp://guest:»x@127_0.8.1:5672//
[2015-85-30 14:49:11,600: INFO/MainProcess] mingle: searching for neighbors

[2015-85-30 14:49:12,621: INFO/MainProcess] mingle: all alone

[2015-85-30 14:49:12,648: UARNING/MainProcess] celeryBltente-PC ready.

HEERMHTESER, BUHTL2EE, HHpickle (ERFFILA (serializer) - BRINAIFFILAE = Z BT LA
fEpickle, HZFEAEITE CHPREZRIIPythontf RAERIEHZSEIEN) © e IR2 G fpickle, HRNIZIXE
CELERY_ACCEPT_CONTENTHCE &, KHLX—EEES; FILIEEhtp: //celery.readthedocs.org/en/latest/conf?]
guration.html{E N5 o

WMAE, BAINAB— 23R~ F 2 5haddTask_mainfiliA, 41 N &R °

B, B DL RRAT O AR AOZ RO T EIFTR



B 15:19:37,123: INFO/MainProcess] Connected to amgp://guest:»@127.09.8.1:5672//
[2015-85-30 15:19:37,.231: INF@/MainProcess] mingle: searching for neighbors
[2015-85-38 15:19:38,248: INFO/MainProcess] mingle: all alone
[2015-85-38 15:19:38.296: WARNING/MainProcess] celeryBPUtente—PC ready.
[2015-85-3P 15:19:43,466: INFO/MainProcess] Received task: addTask.add[2cBaf4c3-92%a—4a38-
9582-8d53bB62ehBf 1
[2815-85-38 15:19:43,.468: INFO/MainProcess] Task addTask.add[2c8af4c3-229a-4a38-9582-8d53b
A62ebBf 1 succeeded in Bs: 10
[2015-85-38 15:31:29.545: INFO/MainProcess] Received task: addTask.add[4bhB76fa4-18c?-4d%e—
2abd-hBhd6f378eBal
[2015-85-38 15:31:29,548: INFO/MainProcess] Task addTask.add[4bhB76fad4-18c9-4d%9e—2abd—-bhBhd6
f378eBal succeeded in Bs: 18
[2015-85-38 15:31:42,148: INFO/MainProcess] Received task: addTask.add[fe391d19-aB89f-480a—
af21-d?f£79cdd?751
[2015-85-38 15:31:42,144: INFO/MainProcess] Task addTask.add[fe391d19-a89f-40Ba—-af21—-d7ff?
2cdd??51 succeeded in Bs: 18

EREL0 NBJE—ATHIE A |, FIFURHO—HE o
LR
HAMVIABE—PIA, addTask.py © FERTMATIEH, QI T —"Celery MAZEHI, HAEM T RabbitMQAR S5 A1+

from celery import Celery
app=Celery(” addTask” ,broker=" amqp://guest@localhost//” )

Celery ¥ B — M LS R Y BIERAEIR (addTask.py) . B AESZHNSE, 8 THTERESN
(RabbitMQ) HJURL ° &5, HAIFIAMES B MESS LA @app.taskiTFE

iz 5 Bl Celery HERIL 5PN HHUBRLE AT LA » FE3eMiRs 2 T, Tl 16 TAEE #E T LBUTHIESS - 88
—MESS R SR ECT Z R TR B AL
@app.task
def add(x, y):
return X + ¥

TE%E A AddTask_main.py', f#fdelay () FiEEAZES:

if _name_ ==" _ main__~

result=addTask.add.delay(5,5)

LA, JXAJ7 1% Rapply_async () JPVERIPEEZC, ATLRIA TR AR SIE S HUT o
HIRY

SR ABRIARC B2 1TRabbitMQ, Celery/l] H fEi%#amqp:  //schemeiX FEH L

£ FASCOOP TRl #1THE

SCOOP, 4 FRScalable Concurrent Operations in Python, & 4“Python™ #J 7] {f HEXFHLZH”, 22— M HHLE
% (WEFR N Futures) 73K FEFHITHHE T AT (heterogeneous computational nodes) _3iZ1TAPython ik - HALFETFOMQ
B, EERMTES M ARG Z EE HFuturesf 5% © SCOOPR. A 7E 75 Z % A &30 vl At H BHRHUITIE Z 9 =L 5%
HIRL AR -

SCOOPKH T T B AR B i o/ R 05K 73 & Futures e



worker

worker
broker

worker

. worker

Worker origin

. worker
SCOOPZERY

BE RS OTTR RN TS ITAE M TAEEHEZE ~ WEEERTH o FuresHHIERIETH.OT7 5 (F
), MEET—EBR—FINEFEE N LIEEHET O  XESHERINEGE TS, HeeEm o bk,
Y B TAE A B P2 TAEE HRR A VO AL, Bz RICPUALERRS [RIAHXH o

R LA

SCOOP#HR ] #Ehttps: //github.com/soravux/scoop/ZbIREL, FraR AN T -

¥ Python>=2.68{ >=3.2

v Distribute > =0.6.25{setuptools > =0.7

Vv Greenlet>=0.3.4

¥ pyzmq>=13.1.0 libzmq>=3.2.0

v SSH (A TmEiT)

SCOOPF] %% T Linux ~ MacFIWindows#L#% ' o FiDisco—#, ZLHE(# FISCOOPTESSH #iff:, T HA DT s Z (A
WoIF JE N TE RS ISIE © B KSCOOPL I IR T #S %, 1S Mhtp: //scoop.readthedocs.org/en/0.7/install.html H'f)
ESSEEG
8/oJH

fEWindowsHlagH, HiA LT dr & B ] Z23£SCOO0P:

pip install SCOOP

AL, AT LLNSCOOPA Ak H 5% MHIALL T 4
Python setup.py install

FARSLHL

SCOOPFERFWZIIEE, EEMTRAUE o RERBRIAT R TS+ o B RIE, Bl rs
FRTEIE o RTHTTANEEISI Al fE R SIRAPRARIE, ERZFELEIF, FATE a1 f# HSCooPRIFF %
HATWERF R B T IERAELL T WA W EE T e Fil, WEFATRE LT



import math

from random import random
from scoop import futures
from time import time

def evalugte mamber of peints im unit cizele(sttempts) s

points Fallen in unit disk = D
for i in range (0, attempts):

X = random/()

y = random ()

radius = math.sqgrt(x*x + y*y)
# R GEERAR A, eEE
if Fadiws <€ 1:
# MIEE e, SN N A E
peints fallen in unikt disk = X
points fallen din unit disk + 1
return points fallen in undit disk

def pi calculus with Montecarlo Method(workers, attempts):



[¢]

print ("number of workers %$i - number of attempts %i"
% (workers, attempts))
bt = time()
# IXAWTERATMAHA scoop. futures.map K
¥ R SREAL N HEH
# R P T AT
# FFH Al BLI R 2 00 iz R 3
evaluate task = \
Futures.map(evaluate points in sircle,
[attempts] * workers)
taskresult = sum(evaluate task)
print ("%i points fallen in a unit disk after "
% (Taskresult/attempts))

(e}

piValue = (4. * Taskresult / float (workers * attempts))
computationalTime = time () - bt
print ("value of pi = " + str(piValue))
print ("error percentage = " +
str((((abs(pivValue - math.pi)) * 100) / math.pi)))
print ("total time: " + str (computationalTime))
if name == " main ":

for i in range (1, 4):
AR TEEREREN 2,
 ARBER A IR ESE S
pi_ealéulus with Montecarls Metheod (1i*1000, 1*1000)
BRI (™ ™)
WMELET—1SCOOPIEF, AT L5 nfF R AR N HATE S
python-m scoop name_fle.py
BITIAZ G, NiZe B T

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:bd8afb9%0e

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 121.0.0.1: 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



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.

W& 2O TAEEEE AN, ) ERE BRERET, WTEFR -

oo O
O

SRR R E: TREANR S

SATIAE A

T RS HR TS £ SR E ISR R D BB I ) — A o FEALIE I Teval-uate_points_in_circle () B
B, RESE—MEEA (x, y) | FHFIRNZ S AT AL KRB o

— Hpoints_fallen_in_unit_disk&&F# IS UERL, AR AN NAVZEE N o 2 AR B IEIALE R, 22 Bt itsk
THENBEHNESE o XNECFE R AT EE « L L, SEARNOREv4, HEEBaREMEmHA (%)
SHAMEERER (FT4) B -

i, BT EEACERENN SR (taskresult) 58 ZRIE (TAEBEREZRE) BRG], BIFH#Ev4
HIERME, HRMERE T EHFEnIE:



piValue= (4.*taskresult/i}joat (workers attempts*) )
SCOOPE AN 7w
futures.map (evaluate_points_in_circle,[attempts]*workers)

B TRAE AT TAEE 2 H g Rt E A g, RNIEITTESR - B L4778 Tevaluate_points_in_circle, 3
A AT %21~ FFevaluate_points_in_circledJ i H °

{55 FHSCOOP b FH 5 Bx %5

TEALEES SR A E AR F HIR, A — D EE AR LSS, RINSIRSPRE ST RN M FERERIE, RIS
EEIR o N, FIFREFIERIERT LUXEE A Python H 7 AVIDLE AT :
>>> 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]
XA AR o ANk, Python™ A — PN EFRFE, FTLISERCRERD TAE -
Python F¥%{map (aFunction, aSequence) Fif% ARYEELN HEIRERNRPRIE—51, HR[E— & A B
VRS RAZIZE o I, [RIFERIBI+ AT DUXRESE I
>>> 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]

XE FATm AP EE LA EmultiplyFor2 % A T mapBREL o B # N A Flitemsd| AV —T1, &S&aE—"#
G| A ERE TRFATED -

A4k, AT LI —Mambdaii %y (€ LRI EEIRRAFFEED) ERSEfEN, DREAREANTERE - [
FER BT~ BIAE AT LUXFESC A

> > > jtems=[1,2,3,4,5,6,7,8,9,10]

>>> print(list (map(lambda x:x*2,items)))
>>> [2, 4, 6, 8, 10, 12, 14, 16, 18, 20]
W E i Emapit B & RIS, FAE T 5B forBEA B R o
s TAE
SCOOPHHRTE L T Z MG AL, SHFrl A2 H T/EE IR R o XEHEA N R o
v futures.map (func, iterables, kargs) : i&[H]—> DU A HAR R F % ACAE SR A4
Hias o AAEAPRERE Fmap () BEEIHATAR ©
v futures.map_as_completed (func, iterables, kargs) : HZEZER—FFHRIARILE R -

v futures.scoop.futures.mapReduce (mapFunc, reductionOp, iterables, kargs) : YHFF7ER Fimap () EXNEUS IR
%L (reduction function) FHA7ft, EEFEAITE ©

HARSLIY
TELLGFI R, FATRNT b MapReduce EREISCOOPSEELFI R 475E ], (serial implementation) -



mmn

k4 scooP iR MapReduce FlER 175231

mmn

import operator
import time

from scoop import futures

def

def

simulateWorkload (inputData) :
time.sleep(0.01)
return sum(inputData)

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:

with result:{1}".format (
mapScoopTime,
res

oL | B

\



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 v

CompareMapReduce ()
WNEZATIZRA, DAL a4
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.

LR

TERLI R, FATH L T MapReduce BREISCOOP SLIRAN BT SCH o %A A 1% 0 /& CompareMapReduce () BR%Y,
Hep & TWFRSEEL o RREEIZBET, FATRYE DL e E s T A



mapScoopTime = tme.time ()
# 181T SCOOP hRI) MapReduce
mapScoopTime = time.time () - mapScoopTime

mapPythonTime = time.time ()
# IBATHATHU MapReduce
mapPythonTime = time.time() - mapPythonTime
SR JEHATTHE R A T B B R A TR 1]
futures.map in SCOOP executed in 8.459s with result: 332833500
map Python executed in: 10.034s with result: 332833500
FRIRTS AT LU BT R, A TEHUE SR R TAE %, TEsimulatedWordload B8 % 15| A — " time.sleep & fJ:
def simulateWorkload (inputData, chose=None) :
time.sleep (0.01)

return sum(inputData)
mapReducefJSCOOPZLE AN T :

res = futures.mapReduce (
simulateWorkload,
operator.add,
list([a] * a for a in range(1000)),
)
futures.mapReduce ER & H LA T 44
v simulateWork: i F1Z K& AT $Ui T Futures © iIAFAC(ERIRZ, VAN RO THR[E—ME -

v operatoradd: VAIZEEFIVIL) (reduce) Futuresiz{TZiR o (B2, BEAMLAHEZ M, FHoRkE—/8—
g -

v list (.....) : ERER M Futareff A TV A ST SR AR 5 o
mapReducef) BT SEELAN T :
res = sum(
map (
imulateWorkload,
list([a] * a for a in range(1000))

)

PythonF AFrEmap () BELFER NS4 simulateWorkload BRECFI AT IE RS Rlist () o Aad, R T REERIA
29, FAMER T sumik%g o

% H Pyro4;7c 21 ik

Pythonitf2Xf 5 (Python  Remote  Objects, fAiFRPyro4) s&—1~JfblJava 2 /7 1E A (Remote  Method
Invocation, f&FFRMI) FEE, XHFRAZAEN SR (BT AFREHRE, wRMTHA—60l8 L) ik, TR esE
A (FETBITRANIENHRE) | TNEFUR - EXrE S L, w7 E R A BOR AT DUNEE S f B A7 |
W o AT FEH A (remote procedure call, &#% RPC) AUBESHIZ IR A A SN EHAS FER AN RATERF, 7
FEBRRTERE) o EE R ARG TR ER LS, A7 DUOY I E R — 2 ~ RIS, BohEmT
DULEBAT6 A [F] — S TR R MR Z AL S, T REWHA TR —1 N A0 AR AR RE)

2 -



Application

/ \

Client Server
Stubs Skeletons

RMI System

AR TTIER A
M EERTLUEH, Pyrod4 IR G-Ik G EEM D AR o XEIRE—1-Pyrod RGN EZH 50 LI
— AN SRR PG TR — D R R B % o (ERERAE, ExERAEE, —EFERTEE
HIER Sy, BN AR, RS EEOMHITE i « &5, XM LHEE B HPyrod LM A 77 AT -
AR
{5 F pip F] LARRAA 2B Pyrod i ; TEAT 2T H I pip install pyroR[ ] o
7] LA Mhttps:  //github.com/irmen/Pyrodfh N 5EEER L, A5 M B 5K T i APythonfsetup.py &5 i 2 #4714

TERE T RAREIH, FA T8 FAWindowsHL 2% b #Python 3.3 & TR °

BARSE

ARG, FATREN BRI F Pyrod 7 [ # 2 H- 8 F — > BT BL B 2 P - IR S5 el 5 R SE © [RItk, Tl 1 igws
P Pythonfl A °

548 (serverpy) HOMCAZUIT:



import Pyro4
class Server (object):
def welcomeMessage(self, name):

return ("Hi welcome " + str(name))

def startServer():

server = Server /()

daemon = Pyro4.Daemon ()

ns = Pyro4.locateNS()

uri = daemon.register (server)
ns.register ("server", uri)

print ("Ready. Object uri =", uri)

daemon.requestLoop ()
if | mame == mEim M
startServer ()
Z g (client.py) AOMCAZUNT:

import Pyrod

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))
TR Z B, TEIBIT— 1 Pyro4FRIRE5#% (name server) ° MY, FTUTEGSITHIALL N4
python-m Pyro4.naming
2, 2FIMTEFRER -

:\Users\Utente>python —m Pyro4.naming

ot starting broadcast server for localhost.

S running on localhost:9098 <(127.8.8.1)>

arning: HMAC key not set. Anyone can connect to this server!
YRO:Pyro.NameServerPlocalhost 2898

RI =

XEWE A IRIRSS 28 CEIRIIM S HizlT o SRJG, 7T LUE M DML RIS & & 1 20 S s AR SS de A 20 P Il
A o WEEITIRS A, RATWMAL T <
python server.py

e, EFRLTEIRIINE -



Prompt dei comandi - python server.py

\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDERX\Chapter 5 — Distributed Python\——

hapter 5 - codes)python server
Ready. Object uri = PYRO:ohj_ 6?54335cbh464calﬂﬂhd?cPfc132af9dﬁlocalhnst 52862

WMEBITR P, AT
python client.py
ZJa, MR T EEE.:
insert the PYRO4 server URI (help:PYRONAME:server)
B A Pyrodfli S5 a4 FR, EIPYRONAME: server:
insert the PYRO4 server URI (help:PYRONAME:server) PYRONAME:server
RIE 2B EERIREA H CA THITHE.:
What is your name?Rashmi
wE, RRHEE—NIXGEIEE: Hi welcome Rashmi, #1FE R o
4 [EEPE)

-
[EX Prompt dei comandi

icrosoft Windows [Uersione 6.1.76011] A
opyright (c) 2009 Microsoft Corporation. Tutti i diritti riservati. F

\Users\UtenteNDesktop\Python CookBook\Python Parallel Programming INDEX\Chapter 5 — Distributed Python\
hapter 5 - codes>python client
insert the PYRO4 server URI (help PYRONAME:server)> PYRONAME:server
hat is your name? Rashmi
i welcome Rashmi

:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDEX\Chapter 5 - Distributed Python\
hapter 5 - codes>_

SRS AR
MRS as & A LUERBIS AR 5 (Serverds) o ZEFATAOREIF, %55 HE — 1 welcomeMessage () HiE, iR
[\ —N A &P i iE PR A R R

class Server (object) :
def welcomeMessage (self, name):
return ("Hi welcome " + str (name))
MEFLHARSS S (startServer () ERED , WAL T BIEHAITERIE:

1.#93E Server R USEH] (4 HNserver) : server=Server () °

2.0 —1Pyro~F# ' #2/¥ (daemon) : daemon=Pyrod.Daemon () ° Pyrod{i# FISF#FEFx SR & AR &K 55
FCZEHERIAIRT R o AR S5 ge A 0 — 1 A ST E BSL IR ST 2T - B IRSGSSE A — XS 1EF, BEZEETZ
k55w & HERYD BB PyroXf & o

3HUTIZMA Z |, WALEIT— P Pyro& i Rs5 28 o Bk, FATEEAZLRIRSSE: ns=Pyrod.locateNS ()

ARG, FEZIRSS eI M PyroXt Sobject © HA 1EPyroSF I AR 7 BN B A S15E %A % -
uri=daemon.register (server) ° BER[EFEMXIGATURI ©

555, FLAERAR RS & 0 — 2 REMHZAT 5 R %5 2% ns.register ( “server T, uri) °

6. N EGBATHE RIS, R ST R 7 Heventloop 771 © iIX KRB RSS s iU FAHIEER, JFERHAMFAMAEA -

Pyrod APIA[LLLRFF &3 E M KRG o 27 Uil 2% [ R 45 23 A2 7 K 7% Hf Twelcome-Message () J71ERUIEK © 1%
TR E RS 0E— MU (Proxy object) © F5E F, Pyrod % i i AN AR R MR RT R AT IETA A
HoRe 2 2R A% 2 (B A

server=Pyro4.Proxy( "PYRONAME:server ")



BUfE, AR AR S5 As _EREMSTT ENVGIIE BRI 1%

print(server.welcomeMessage(name))

% FHPyrodfE R %t %

TEVZRBIA, Bl PR B F Pyrod B — a5, H AR SAHE A » BRI ERE — D RUTER
R AT IR

v - Server 1
o

£ s
g z

Client

Server 3 Server 2

{5 F Pyrod 55256 %

BaPxG: 1M EFu, LUARERIRIM A3 MRS &7, W EEPR o & 0miiiE KL & ZServerl FF F 5 T 8
A (chain call) , JGEBFHIERELZ EServer2 « K5, THEHEHABEFI T — X% Server3 o 2 Server3F K
Serverlii, BEFUHHZER o
ﬁﬁﬁﬂ%%ﬁ%%ﬁﬁ%%,%ﬁ%%&ﬂﬁ%@ﬁﬁﬁ%°ﬂ&%&mﬁ@ﬁ%ﬁ%,&i%?%ﬁ%%ﬁﬁﬁ
ZRERE o

FARSCHL

WNEE FPyrod SEEI— X 8%, FTES 1 Python A « B— 2% P (testpy) © UNE2ERIAE:

from  future  import print function
import Pyro4

obj = Pyro4d.core.Proxy ("PYRONAME:example.chain.A")
print ("Result=%s" % obj.process(["hello"]))
B RS TEHA — RS Ethis DL — P nextZ 8, AIEENRETRRES, FEELTHERHT— Mk
SFan (LR this/FEAIE RS 28) ©
AR T AN REESCHE RITE L, W DLER 5% B RAVBRaKE -

» server l.py:

frem fubure Impert print funetion
import Pyro4
import chainTopology



thig = "1"%
next = "2"

servername = "example.chainTopology." + this

daemon = Pyro4d.core.Daemon ()

obj = chainTopology.Chain(this, next)
uri = daemon.register (obj)

ns = Pyro4d.naming.locateNS ()
ns.register (servername, uri)

# FEAARSS A
print ("server %s started ™ % this)

daemon.requestLoop ()

server 2.py:

from  future  import print function
import Pyrod

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)

# RS TE
print ("server %s started " % this)

daemon.requestLoop ()

server 3.py:

from  future  import print function
import Pyro4
import chainTopology

thig = "aW
next = "1"



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)

# 3N R SSTEH
print ("server %s started " % this)
daemon.requestLoop ()

B e — AR R chaintf &, RS0 Frs:
» 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 = Pyro4.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

WMFHITIZRGI, BB TPyrodZ Fi iS5 as:

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



RIG, BIT=IRSSES  FIFF =i 28 RAr, 2R/5%) Apython server_name.pyii < ° izfTserver 125, NiZ&H
AR LITNERTRAEE ©

.pmmptdﬁm' thon server b = X [

icrosoft Windows [Uer81one 6.1.76011]
opyright {(c)> 208? Microsoft Corporation. Tutti i diritti riservati.

:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDER\Chapter 5 — Distributed Python\
hapter 5 - codes\chain>python server_1.py
server_1 started

ZfTserver 227 J5, NiZEHIRMI TR RAOHEE °

- ]
@ Prompt dei comandi - python server_2.py >:#EEE‘ X

:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDER\Chapter 5 — Distributed Python\ =
hapter 5 - codes\chain>python server_2.py
server_2 started

&fTserver 32 )5, NiZe BB FEFIRAEE °

opyright (c)> 208? Microsoft Corporation. Tutti i diritti riservati.

:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDER\Chapter 5 — Distributed Python\
hapter 5 - codes\chain>python server_3.py
server_3 started

A, BT — i AT B T client pyEIA -

*

icrosoft Windows [Uersione 6.1.7681]
opyright {(c)> 208? Microsoft Corporation. Tutti i diritti riservati.

:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDER\Chapter 5 — Distributed Python\
hapter 5 - codes\chain>python client.py
Result=[’passed on from 1’, ’passed on from 2’, ’passed on from 3’, ’complete at 1’1

THAEEER, BARERET T = RS E, LA Elserver 1, (EH5EA - HoL, FATX EESKE
HEREE K B BE R T — MR RE, ﬂ%ﬁ%#% Th o WAE T RE T RE K EM 4, IEEE LT tserver 1A E
HIE B

11 -
opyright {(c) 208? Microsoft Corporation. Tutti i diritti riservati. [j

:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDER\Chapter 5 — Distributed Python\
hapter 5 - codes\chain>python server_1.py
server_1 started

forwarding the message to the obhject 2

forvarding the message to the ohject 2

:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDER\Chapter 5 — Distributed Python\ .
hapter 5 - codes\chain>python server_2.py
server_2 started




server_3H45E RN N AR ©

r .
Prompt dei comandi - python blﬂﬂ'

:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDER\Chapter 5 — Distributed Python\ —
hapter 5 - codes\chain>python server_3.py r
erver_3 started

forwarding the message to the object 1

-

SR AR
R FII% O A € L TE chainTopology.py ' fAChainZt © B X #£F = MRS 2 [H#HTEE o EPrt, B IRS2RIH
FiZ2E, BRI T — 1 ItE &4 (S%FchainTopology.pyF R 7 iEHFE) ° H4N, Ef# FPyrod.core.proxyi& A il
TR
if self.next is None:
self.next = Pyrod.core.Proxy
"PYRONAME : example.chain." + self.nextName)

ASREERF (52 Mserver_3%Fserver_1AURE—UCHM) . SATEIRAHEE.

if self.name in message:

print ("Back at %s; the chain is closed!" % self.name)
return ["complete at " + self.name]

WRBEFILAFE N — Pt E, STH KR AHE.

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

B ARSI HER], REER S RTEM T — 1 ERE XIEE AR - filn, THESE -1 RSE
(server_l) HIRE X

this= "1 ~

next= 2

R EAATSMER, & X T 585 T — 1 rEZFAREE LS.
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 ()
&fE, EEPmEATS, TATESHAETRE —1TE (server_1) BENFRE:
obj=Pyro4.core.Proxy( "PYRONAME:example.chainTopology.1 )

i FPyrod T & — 1% - - iR 55 A L H

TEVZRGIH, Bl RN B i Pyrod JF & —MEERIR - IkS5ae (C/s) BIA  iXBEMRRIN A E 2,
HECZR& T REW AT Sl o] e RS2 EM &l 7% -

B - AR S5 A L TR —Fh A 28K, Ho & v F I e A s B AR SS A, A MRS, S HAh
P — i AR R B, AR RRENUERN » foRPIAR T, RSHEEE —MEAWYE R, TEF



U & AR VM R A TR % o

H ARSI

N T EHEEN, FAER3 A o F—PHATE LT X Rlient, ATEEEF, FMHAE LT % Sshop, %
=ANHIZRRE SUT X Sserver o

fk%5%: (serverpy) HIAHIANT:

i

#  Shop K554

if

from future Iimport print function

import Pyro4d
import shop

ns = Pyrod.naming.locateNS ()
daemon = Pyrod.core.Daemon ()
uri = daemon.register (shop.Shop())

ns.register ("example.shop.Shop", uri)
print (list (ns.list (prefix="example.shop.") .keys()))
daemon.requestLoop ()

B (client.py) AOMCAGUIT:



from  future  import print function
import sys
import Pyro4

# Shop % i
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.namef()))
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))

o

print ("Deposit money %s" % self.cash)
Shop.deposit (self.name, 50)

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$"
%2 (self.name, 37))

Shop.buy(self.name, 37)

pkint ("Log out’)

Shop.logOut (self.name)

if name == "' main ':
ns = Pyro4.naming.locateNS()
uri = ns.lookup("example.shop.Shop")
print (uel)
Shop = Pyro4.core.Proxy(uri)
meeta = client ('Meeta', 50)

rashmi = client ('Rashmi', 100)



rashmi.doShopping buying a book (Shop)
meeta.doShopping deposit cash (Shop)
PELHE

(
i ()

('I'l'")

[n ]

" l'l)

PELHE
pELaE ("

print ("The accounts in the %s:" % Shop.name())
accounts = Shop.allAccounts ()

for name in accounts.keys():
peint (" %8 : .2

(name, accounts[name]))

oe

X %tshop (shop.py) FICHSANF:



class Account (object) :

def

_ dndt  [seld)s

self. balanece = 0.0

def pay(self, price):

def

self, balanege -= prige

deposit (self, cash):
gelf. balanee += gash

def balance (self):

return self. balance

class Shop (object) :

def

def

def

def

_dnif  [self) s

self.accounts = {}

self.clients = ['Meeta', 'Rashmi', 'John',
name (self) :

return 'BuyAnythingOnline'

logOn (self, name):
i1f name in self.clients:

self.accounts[name] = Account/()
else:

self.clients.append (name)

self.accounts[name] = Account/{()
logQut (self, name):

Q

print ('logout %s' % name)

'Ken']



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)

BT ZET, DIUE JeRshPyrodZ FRAR S5 %%

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

SKJa. 1 Mpython serverpyan &/EENIRFS A% < iBfTm < Z)E, S HIRU T EEEFRFE

-
[ Prompt dei comandi - python server.py @m

icrosoft Windows [Uersione 6.1.76811 .
opyright (c)> 2009 Microsoft Corporation. Tutti i diritti riservati. F

\Users\Utente\Desktop\Python CookBook\Python Parallel Programming INDEX\Chapter 5 - Distrihuted Python\i
hapter 5 - codes\bhanks>python server.py
[’example.shop.Shop’ ]

wJa, VRRER LT a4, B - il
python client.py
BT LRSS, SFTEI T 3UK:



C:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming
INDEX\Chapter 5 - Distributed Python)\

chapter 5 - codes\banks>python client.py
PYRO:ob]j_ 8c4abb4ae7554c2c9feee5b0113902e0@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

A% H 7R T MeetaFHRashminX i 44 25 7 Z [A] B — R & B 21 o

SLATIAE A

AR 55 s v L AE rShop () %5, A A ~iEA]RPA]

ns=Pyro4.naming.locateNS()

RIa, WAEM—MEEEE:
daemon = Pyro4.core.Daemon ()
uri = daemon.register (shop.Shop())
ns.register ("example.shop.Shop", uri)
daemon.requestLoop ()

shop.py I (& 7 TP AUE B B2 o shopRE B MK, #RELEA ~ BHINE, BEHEEFHE

FHIE S -

class Shop(object):

e

def logOn(self,name):



if name in self.clients
self.accounts[name] = Account/()
else
self.clients.append (name)
self.accounts[name] = Account/()

def logQut (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):
Ly
return self.accounts[name] .balance ()
exXcept KeyRrror:
raise KeyError ('unknown account')

def buy(self, name, price):
balance = self.accounts[name] .balance ()
self.accounts[name] .pay (price)

BAEPEA H O Accounth 5, 2RI T EHE P EE R ITE:
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

BJa, clientpyfl A8 S THTESIF BN - £EREFF, TATEFLH D% RashmifiMeeta ©

meeta = client ('Meeta',50)
rashmi = client ('Rashmi',100)
rashmi.doShopping buying a book (Shop)

meeta.doShopping_deposit_cash(Shop)



HATEENS Y Wl EA74E T —L0s%, SRETFIRIEY, a0 FFR:
v Rashmillt] 3£ T —7&.

def doShopping buying a book(self, Shop):

Shop.logOn (self.name)

Shop.deposit (self.name,

Shop.buy(self.name, 37)

Sheop..logGut (self . name)
v Meeta{EJF 4193 B 1 A 10036 7T :

self.cash)

def doShopping depesit cash (self, Shop):

Shop.logOn (self.name)

Shop.deposit (self . hame,
Shop.deposit (self.name,

Shop.logOut (self.name)
v TERHULE R, FFREF R A MeetaFflIRashmiltk 7 A A AR

print ("The accounts in the %s:
accounts = Shop.allAccounts (

"

self.cash)
50)

% Shop.name())
)

for name in accounts.keys{():

print{® %= g S:4E"

Q

{5 FIPyCSP LI I 733

PyCSP ;& TEEMIINF#FE (communicating sequential processes,

& 7 A H L FE TR —FZRFZTER o PyCSPIERA L FHRE .
v HRRAIRTH B AL
v B G RR A FERENAE
v I IE ST A B A
I S
v HRRAI S HME -
v SRR o

% (name, accounts[name]))

AFEEE

fAIFRCSP) BY— 1 Pythontiik, &

PyCSP A 1Ff# FANF S M AYIEE: One20ne ~ One2Any ~ Any20neflAny20ne © iX 262 ¥R 1580 T 7] LU

18 (F Bwriterflreaderf 14 ©
MR LA
FILAE AN N a4, J#id pip % as %3 PyCSP:
pip install python-csp

A4N, A MGitHub (https: //github.com/futurecore/python-csp) FEFEEEAIAZIThR

THEIFNZRAFTRALL T2
python setup.py install

1E N EPREIF, FA TR Python 2.7 ©
LA A

i

&
S
=

TEE— 7, FA TR E— T PyCSPRIEAME S ~ JEARAIEE o R, Fef 1€ LT 4 J9counterH printerf i >

PERE, IAERE B WAE SOXP MR Z Rl AE(E
HE LU R



from pycsp.parallel import *

@process
def processCounter (cout, limit):
for 1 in xrange(limit) :
ek ()
volgen (sout)

@process
def processPrinter(cin):
while True:
print cdal) .

A = Channel ('A')
Parallel (
processCounter (A.writer () limit=5),

r
procesgPrinter(i.readeri))

shutdown ()
WERAHAT L AUAARS, AT CAFEPython 2.7 B ANIDLE FHTH H4% Tia T4 o 2 & MR imavk H -

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.

>>> RESTART
>>>
0123 4
>>>
HARSIHR
TERFIF, A1 T € X AEpycsp.parallel R A AL
from pycsp.parallel import*
FRERPAE — 1 Any2AnyiBiE R, TRFZ AR (RISTEEERNPY) B e TEE o TAIER LT EA
HIEIEA:
A=Channel(” A" )
XNHTEE H SR ETE 2 BT Pythonfif AR 1 o X T8 15 A T pycsp.parallelf& 3k Python f#ERERs, R 7T
A FEPython  fEFREES R BNRIFT A IRIERYYR L1 o Ak, ZESR I Bt rf 2R S5 4s o B, anREEE
F—EEREE, ROAAERIEFAE -
Flan, NFEERERI AN 18888 L AIEEB, A 1A LN AS:
A=pycsp.Channel(” B” ,connect=(" localhost” ,8888))
PyCSPH A =& HLEE 1 B A TT 1% o
v channel.Disconnect () : fVFiRHPythonff#fEes - HATEE N & P us-RSsamix B E, K& umfeii s ks a%
MEE R, SSRGS aER -
v channel.reader () : 3R B3 E A readerdy °
v channel.writer () : IR [B1EE R Iwriterdi




T 118 F @process3= i gs m — 118 o 7EPYCSPHY, B4 AL HICSPHFFEE LA N OSEAR AU TE S HIAY o 7EX 1
i, BWAHFE: counterfliprinter © counteriHFEHE P NSE: coutl] TE/EMFAIH, limitE X EFTEIHIIEL:
@process
def processCounter (cout, limit):
for i in xrange(limit):
cout (i)
poison (cout)
poison & fijpoison (count) FMEEEX—IRHITHT - WELEU, ZEEX M EE LS BRIERR T —
AR DU TR Y B R EE I E R R o AR, WRGFELZNIHASE, XSS EGER&M (race

condition) ©

printer R A — S8, BIZITEIRI, € X NcinZ &

@process
def processPrinter(cin):
while True:
prant cin(),
XA O N HX AT
A=Channel(” A" )
BRENTABIE, AV NERZEHTIERE o
)5, ParalleliEAJA0 T Ali7R:
Parallel (
processCounter (A.writer(), limit=5),

processPrinter (A.reader())

)

X FETEH#HE, R A counterfliprocessiH R4S A B 2 [A]FIBE I A S FHZE o XM BEIFE T CSPHI— 1A
SR TR E A A AEE R P VORSEI R 2 o —FRSLEl 7142 R AE counter A2 3R & 1 1A printer#F 24 H ~
printeri# P2 F /R VE 7 I B WOR H counter#F FRAUFI AR, 4 AR F#HAITI/OMAE « WIR —FHH — AL, B
PERFENERT], B2 A — R -

B PyCSP HSOiE— 1 RS #&E, HTEHBEDBERRIBRE - Fit, A0 EEGERPyCSPI H R E A
shutdown () J7i%:

shutdown()

PyCSPH&HE T 17T LUB BRI T I AR 7 1%

¥ Tracelnit (<HJlename>, stdout=<True[False>) : HTH/EBEITIE o
¥ TraceQuit () : A TFHBEGTE -

WA LT 7 2R X A5 1%

from pycsp.common.trace import*

Tracelnit( ~trace.log ")
FTHEBERRHFE

TraceQuit()
shutdown()

HAIE M@ TEHINZORIFNEEIDR (imitZEEET3) -



{'chan name': 'A', 'type': 'Channel'}

{'chan name': 'A', 'type': 'ChannelEndWrite'}

{'chan name': 'A', 'type': 'ChannelEndRead'}

{'processes': [{'func _name': 'processCounter', 'process id':
'9cb4b3720ed111e5bb4c0024813d643d.processCounter'}, {'func name':
'processPrinter’', 'process id': '9cb63a0f0edl11e5993a0024813d643d.
processPrinter'}], 'process_id': '9c42428f0ed111e59bal0024813d643d.__
INIT ', 'type': 'BlockOnParallel'}

{'func name': 'processCounter',6 'process id':
'9¢b4b3720ed111e5bb4c0024813d643d.processCounter', 'type':
'StartProcess’'}

{'func name': 'processPrinter', 'process_id':
'9¢cb63a0£0ed111e5993a0024813d643d.processPrinter', 'type':
'StartProcess’'}

{'process_id': '9cb4b3720edl11e5bb4c0024813d643d.processCounter', 'chan_
name': 'A', 'type': 'BlockOnWrite',6 'id': 0}

{'process_id': '9cb63a0f0ed111e5993a0024813d643d.processPrinter', 'chan_
name': 'A', 'type': 'BlockOnRead', 'id': 0}

{'process_id': '9cb63a0f0ed111e5993a0024813d643d.processPrinter', 'chan_
name': 'A', 'type': 'DoneRead', 'id': 0}

{'process_id': '9cb4b3720edl11e5bb4c0024813d643d.processCounter', 'chan_
name': 'A', 'type': 'DoneWrite', 'id': 0}

{'process id': '9cb4b3720edl11le5bb4c0024813d643d.processCounter', 'chan
name': 'A', 'type': 'BlockOnWrite',K 'id': 1}

{'process _id': '9cb63a0f0edl111e5993a0024813d643d.processPrinter', 'chan_
name': 'A', 'type': 'BlockOnRead',6 'id': 1}

{'process_id': '9cb63a0f0edl11e5993a0024813d643d.processPrinter', 'chan_
name': 'A', 'type': 'DoneRead',6 'id': 1}

{'process_id': '9cb4b3720edllle5bb4c0024813d643d.processCounter', 'chan_
name': 'A', 'type': 'DoneWrite', 'id': 1}

{'process_id': '9cb4b3720edl11e5bb4c0024813d643d.processCounter’', 'chan_
name': 'A', 'type': 'BlockOnWrite', 'id': 2}

{'process _id': '9cb63a0£f0edl11e5993a0024813d643d.processPrinter', 'chan_
name': 'A', 'type': 'BlockOnRead', 'id': 2}

{'process_id': '9cb63a0f0edl11e5993a0024813d643d.processPrinter', 'chan_
name': 'A', 'type': 'DoneRead', 'id': 2}

{'process_id': '9cb4b3720edl11e5bb4c0024813d643d.processCounter’', 'chan_
name': 'A', 'type': 'DoneWrite', 'id': 2}

{'process_id': '9cb4b3720edl11e5bb4c0024813d643d.processCounter', 'chan_
name': 'A', 'type': 'Poison', 'id': 3}

{'func_name': 'processCounter', 'process_id':



'9cb4b3720ed111e5bb4c0024813d643d.processCounter', 'type': 'QuitProcess'}
{'process_id': '9cb63a0f0edl11e5993a0024813d643d.processPrinter', 'chan_
name': 'A', 'type': 'BlockOnRead', 'id': 3}
{'func_name': 'processPrinter', 'process id':
'9¢cb63a0£f0ed111e5993a0024813d643d.processPrinter', 'type': 'QuitProcess'}
{'process_id': '9cb63a0f0ed111e5993a0024813d643d.processPrinter', 'chan_
name': 'A', 'type': 'Poison', 'id': 3}
{'processes': [{'func name': 'processCounter',6 'process id':
'9¢cb4b3720ed111e5bb4c0024813d643d.processCounter'}, {'func_name':
'processPrinter', 'process_id': '9cb63a0f0ed111e5993a0024813d643d.
processPrinter'}], 'process_id': '9c42428f0edl11e59bal0024813d643d.
INIT ', 'type': 'DoneParallel’}
{'type': 'TraceQuit'}

FRY

CSP&—Fi FHl THiuiH & #A R RIL BEERIES » BR TRPEACEEISHTERE, MIEH#FFEAEL (algebra
process) o RSB, CSPHAE—MHEHE TH, HHATRIEZM ARSI FFHE - ZCSPHEILE X MM E iz
W E OccamIEH: | 12 FATEH L RIBIES -

AIXTCSP HILE4HR, N 5 3 Hoare FIJRF5, W] Mhttp: //www.usingcsp.com/cspbook.pdf T %

7£Disco ' £ i MapReduce

Discose— 13 T4 8 H i MapReducefEZR )Py thonfi bR, SCHFAETT RALSERE P E B A s, T
FJ?T i F Disco 5 HIRL A AT LI L5 AT RALEERE a1, 2 A dERE - B L, SR RAIEARE
A IAERE - TARRE LU GEE L, W54 HDisco ITE B, ANFEIT & H L -

VAR DL AR BT o
v WebZ 5|

v URLf[A]H4L

v SR AEF

Map
Instance
#1
Input ¢~ - Reduce Output
Data |'. Instance Data

Input
Data #N

MapReduce /5 %
DiscoH SEHf)MapReduce B2 41~ fiw



v Map: E774 (master node) FAZHAZGE, FEHFES NFE/NAITFAES, REELIED A Bslave T 5. o B map

TR Rmap () EEEIFRGER, Llkey, valueld AU FEE — MO MAMEF « X PHIEE, 1 ARRE
AL ©

v Reduce: ET7 LR, Hfikey, valuelWf HHER—MEAVERSE L, RGHRRETHT (FEIR

Fai P EHEN) °[key, IteratorList (value, val-ue, ..) IXFREZCHVEE(EX B1% 1251217 HA) % reduce () AU
5 oo

FAN, FERETE SO A A R T DUYE R B B map Flreduce sk FRAVEN ABHE , 3XHE F] LUKF 21 MapReduce T/EH %

fE—iL o

e TAE

Discol& £ i] 7Ehttps: //github.com/Discoproject/Disco [N & °
R B A Linux/UNIX R 55 7 B %2 Disco

DT RLEMaist (B RSs EHu) -

v SSHYF R HI% i o

¥ Erlang/OTP R14AE{ H E A ©

v Python 2.6.68% 5 E A, Python 3.28% & MR A ©

wJa, BA LT SRR %3 Disco:

git clone git://github.com/Discoproject/Disco.git $Disco HOME
cd $Disco_HOME

make

cd lib && python setup.py install --user && cd ..

bin/Disco nodaemon

UL

N ETEDiscoB I AT IR S5 an T B I TC B A B 5K o IR &R —HlanZEE, LALBIT N2
ssh-keygen-N ~ * -f~/.ssh/id_dsa

AVEE VNP A CF

cat~/.ssh/id_dsa.pub > > ~/.ssh/authorized_keys

WIAE, WRARAEE SRR SR AT A IR SS %8, TR — IR ERZE, e B A FHEEE R T -
H KDisco ZEEHIA#, 1S Fhttp: //Disco.readthedocs.org/en/latest/intro.html °

T RAIRGIS, A 1R 4E— & Linuxt/Las b F Python 2.721Thi °

HARSLIY

TEIXREIF, FoA1 118 A Discots S R gk — 15 I MapReduce Al © 25 7E —BOUAR, Gt SR HR R B0ia 1 B



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.\



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 ocrder.write('%ss \t zd\n'’

Q

% (str(word), int (count)))

sort_in alpbabetically order.close()
S6Ft 1u nimmeyicEl order.clege ()

BITZEAZ G, BRI, BE TERF I HENE -



Sortnumerical.txt SortAlphabetical.txt

6 are also 1
6 know are 6
6 we but 1
5 there do 3
3 do 1s 1
3 not know 6
3 that known 74
Sortnumerical.txt SortAlphabetical.txt

3 things knowns 1
2 known not 3
2 unknowns say 1
1 also to 1
| but that 3
1 1S there 5
1 knowns these 1
1 say things 3
1 to unknown 1
1 these unknowns 2
1 unknown we 6

SRS AR
Z 8% 0 7emapHlireduce BN AL © Disco  H I mapEREUE 1S40, line R E TR F o N, HAIFRHAEE

P
paramsZ4{ °

XHE, BATRATORE—IRE B, AZERANTS, B B R NG T i

def map(line, params):
import string
for word in line.split():
strippedWord = word.translate\
[sbring.maketrans (" ,") , string.punctuation)
yield strippedWord, 1

X AT AP A Tmap B UG R 2 — RYITTH, B NBEXS o fFl40, There are known knownsiX >8] F-Rf & B 40~
e LS R

[( "There ",1),( “are ~,1),( "known ~,1),( "knowns ",1)]

104, MapReduce HEZEFHR/ERVEIREIEF KX, LB SIS LE NN GFEERIRE , FitbmapR iU 5 1 yield 5
FRrikDisco DA ANEEBARY T FUE BECHR SR o reduce ENEIEZ I SEL: iterdg A0S AHERNT SR (U7 A RIT FRE R LS
), TimapBER &+ 18 params S50 7E X Hb & 5 2 o

{it F Py thon BN ECRF & AT AN Sa% IR BRI AT HE -



def reduce(iter,params):

from Disco.util import kvgroup
for word, counts in kvgroup (sorted(iter)):
yield word, sum(counts)
TN EHHF P R951 3% N F Disco T i kvgroup BN AL, KUK S5 [ RO (EVAZEAE —/E - /5, 181t PythonEi £ sumit
B SR F A BT A HHERIRER -
TERIA R £ BER 4y, FAT14# F DiscoAYjob BN EE Hili TmapReduce B AL :
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, RSB KN BRI T HE R, T ED RPN S
sort_in_numerical_order=open(’ SortNumerical.txt” ,” w’ )
sort_in_alpbabetically_order=open(” SortAlphabetical.txt” ,” w’ )
HERY R
Discoz — M EH R AHIES, BEFZ ARG o 2B NSIZERHAITE BN -
WAESEEE T %, 1EEEhttp: //Discoproject.org/ °

5 FIRPyC 1A H i fE it 72

Remote Python Call (RPyC) s&—1H Tt FEIE A1 10 =it B A Python i3k - RPCHUEAMHEL S, $RHLRHE
FIRN—MEF (FPum) G H— R (RS Bilfl, KUTEFXEFHFIHE (subroutine) AT
8, WTEFR o XMOTENFQOET, BRE SCREEIEFE S, mAERCESXAVREHA - B HTEN, &%
PR s, HIIRSHHABHITZLEMITE, HRENTENER  EITEZUER, &R AE -5
& DL A AR AT, TS RAEEE, B R PSRBT E R Fstub RO RE AT DB 25 AT S
R, NFRR T BERIE - RPyCHYEZAFIEM T

v EIEEERN E, AR A S AR B EAE ]

v EESGERAM E, miE SRS L EER T AR o

v SRR A

v AFREE PEIRE & iR A AR S5 et T AR S5 1E 3K o



AR P

M S SN S . .
-

W EIAR R 9F
I AT
iz a
I = | mrns
! o
_ o ey BREEEI
#tts |- = = 7 T '%ﬁ?—/r
] 4 9 | sk

AR AR AR
R LAE
fEfpip%idn, ZRLRRAFHERIA - A THRAL T
pip install rpyc

Ykt m] LLRT fhttps:  //github.com/tomerfifliba/rpyc 528N (zip3CfF) © f&fa, WELEFEfTn M a2 R %

Hrpyc: Python setup.py °

GHRSERZ G, RAT DL BATERR A ZE - ERNTRGIH, KER—&VLE (Bl Hlocalhost) =247 7
s AARSS 2R o (F FrpyciziT IRSS 2R R . Bl {Erpyc B 3 HAY. /rpyc-master/bin H &, /5 HUUTrpyc_classic.py 3L A

C:\Python CookBook\Chapter 5-Distributed Python\rpyc-master\bin > python rpyc_classic.py

BITEASE, 2T ERN T RHER.
INFO:SLAVE/18812:server started on [0.0.0.0]:18812

HARSIIN

FATIAER] I I8 — D7l B a0 el # 7€ [ it #2 Hstdout:

import rpyc
import sys

c = rpyc.classic.connect ("localhost")

.execute ("print ('hi python cookbook')")

C
c.modules.sys.stdout = sys.stdout
&

.execute("print ('hi here')")
BT, STERSSERE 2 E E M H




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

SEAIAE A

BB R — DRSS A A

import rpyc

c=rpyc.classic.connect( “localhost )

X H, % i Arpyc.classic.connect (host, port) 2 OIfE—" 545 7E FALMR O EETEE - BETFE LT #
R A, o rpycff FHERET 5 T Re0 10 T RIS o ) AW 2 T fE -

TR, BUITHE:

c.execute( print (" hi python cookbook” ) ™)

XRTE RS #8 EHUTITENE A (— M itfexeciEf)) o



6 % F Pythoni 1T GUIZRE

AEFEENE:

v {# FIPyCUDAR

v WA — ) PyCUDA N H

v B R R PyCUDA N A Y
v {# FlGPUArray i Fi N

v {# FIPyCUDAX & T & FiA 2R E
v i FIPyCUDA#1TMapReducef§{E
v {# FINumbaProi#1TGPU%i 2

v 1 NumbaProf# F GPUNIHE Y%

v {# FiPyOpenCL#Ht

v a4 —1~PyOpenCL L H

v % FiPyOpenCL*} % 7t % 1A K {E
v {5 FPyOpenCLiM X GPUL F

M4

e 4bBEEs (graphics  processing  unit, HHGPU) &— %[ 1H THEWE LIEFEH LA EAME (polygonal
primitives) JEIEIRATE TR o RESETHRRERERR, (HGPU—BE/ENEIEE, DFBRlE R, Wik
ek, BelEEMERMBEEERT R, TLIERHITRI2A TR - GPU iR R B &R TR, Hitk
BRELLE Y T AL B R HIRE AR 5 - X —Heih 5 BRI RERY TR IR SR I ~ S rl mis s S —iE, EERIEAIT
IGRVEGPU, FRHATRIEGREIGZ IMIEA R - RSIGPURDIREEERIE, B MEIE EH M EIERE I -
PR T IR G, A E A ANRIRY ~ mA U m R ERE RS o Rk, ERALH T M EIGPU, fE L
HAHRBRERPIHITOMEMA, J(EHEGS (shader) WHIFFE, SCHIERIEY o & THEANLE AR T
PR RHEREYZ — - BT HI T KEFRENZL, GPU AR R A B THTRENER - B1GPUETHZ 1
WA L0 HEES (Streaming  Multiprocessor, fAIFRSM) AUACEREITAARL, XL HBTTRE T HITHE—1BH
Z; MH, B1SM ZEZMEE M BRIFZEP), GPUZEMM NEFTR -



Thread Execution Control Unit

!

Function Unit

Function Unit

!

; - ;
SM  SM SM  SM SM  SM
SM  SM SM  SM SM  SM
SM SM SM  SM SM  SM -

, : , sP | &P | SP
SM  SM SM  SM SM  SM

. \ : SP | SP | SP
SM  SM SM  SM SM  SM ‘
- — L —_ P | SP | SP
Special Special Special '

Function Unit

I

Local Local Local
Memory Memory Memory
Device Memory
GPUZERY

BSME S —H LSS (Stream Processor, RIFRSP) |, B M A& — M HEIEHUTZO, 7T LI
PEHGZT— 1 RER © SPEHUTZE TR/ AT, R T HMEREHITHIZIX o SMASPH X 3 FEA T L2 25 LRY,
ANt AT DA — 5 A 8 HGPU T SPHYZ AL, X MESPIREETEBIEIX 1, X LB IR X H = — PR E FIHA TR o ZHAL
—HSPRIFT A O RN AT HFIFES o XL TATEAR R B IR PN AR BI8L 280 (Single instruction,
multiple data, fAIFFSIMD) &z

BSMEE — LU 28 (register) , FFAFamAa Al DUBRIR DT RIAY N AR X3, X IR InI Y, R eeAHhism O
RO Z BITCHERRE) | T ERANERS - B DA TFEE R ML O EEFERE - BEAHEGERITHE (general-
purpose computing on graphics processing units, E#GP-GPU) iX M4 TR FFHGPU HHEEE 7 Pl BT E
THIHOR, X155 TGPUNE mERIHATIL  WFTFTIR, GPURISSHSESi g GIR A A, ik, BEfIFER
P TERANR, FEMEAEEHRESTT o B s & M RHEEL A K& AL, AT LEITIEE
MEZFIPUTERRE, XSERRE D P T AR FRAE « ARG ER TAED BT £/ N, BRI EHE
PUTHIFIRIRIE, 2R IR+ 208 F SRt o Mk, WRBIEIFEEERMEANZEINT, SR DA X —28
¥4 o GPU T HEAIGRFETE AR MM (Stream Processing) , K WEWE AT I EE— 23 HEUEA R, X
B REAT T AR R AR -

ST, BENS ECA SO FH GPUIT B BE ) R IR 7 22 2 B FECUDA M OpenCL © 724 N RAREIF, Tl TR M4
LEE I A E Py thon R R 15 & HT AN SEH

f# FIPyCUDA&H

PyCUDA/ZNVIDIA & FGPUZRFEF A CUDA (Compute Unified Device Architecture) 7EPython ! fJE% o



CUDA% REFL R 21 7 IE A (I PyCUDAEATGPUSRAE AV 7. o AR AEMEI EFAEAIZ LR, I BN R i+
IERNE, DB S — Sl -

B AR

CUDARJ“IBE IR &l £ MFERICTE  IMEZEY REIMRI, PyCUDAJRA - AEAARE, B O/EixL
T, EIE EROICHMEREFREREOAM « XHE, Bl Iptae LU R AT E A SN (host) FIiE# (device)
RHEHE A IR - NVCC g annhiX i B AR T B o DUN @ %5 Fas 1R I B A0 fa] 2t

LR &S EHEE -

2 BN FAs (Bla, GCC) FiE ML -

3.LAZ | (Cubindf %) BGiC4wIUH (PTXAUH) AR MR & -

4 LR — 1 E N BE“global”, H A d A EPTXAY -

Y B Jm B CUD AR R TEs AT BRI Bh as e e o o 78 T30 B b I SCH » BTS2 28R BT AP SR 4ER 2 PyCUDATEIZ
FTISERCHT, FEIEWEE— RN (justin-time, FFRIIT) RiFas o X —7 AUHR A2 R A R nEm A <8, &
DX SEME— R EF [ RN, BIAT DAFESERRgm i i N EER) i & ERUTIZ 5 © BrLL, JITSR 3T LULE B A S H
THERITERN N Z LORREERE, HI e A FEAE SUE M At HUH - PyCUDARIBUTE AN T EIFR ©

AAAAAAAAAAAA

‘ PyCUDA

PyCUDAHUTHE,
N ASEE7 =N
CUDAREFI— T EEITEMESHNZ (kernel) o BRFERDIHATHATHIE, HERIUS UL TERS 525010
B o BANAZIIHUT I HIU/ELRE (thread) HUTHEBITSERL © SCPUFIEIEAE, GPU LREEMNEE, LN UWY)
WA IR, F AT ] L E B ST o A T #HEIZ1TT— MRS B AL, CUDA
BN T — P28 - Efm—ZH, EXTANEM X (grid of blocks) ° iXRIMEAFE TR X BRATTER) 4k
EK, XL HNE =40, REEW IR



GRID 1
Block 1 I Block 2
Thread 1 Thread 2 Thread 1 Thread 2
Thread 3 Thread 4 Thread 3 Thread 4
Block 3 * Block 4
Thread 1 Thread 2 Thread 1 Thread 2
Thread 3 Thread 4 Thread 3 Thread 4

PyCUDAJZ&5K T (=4E) LRARM A
ET X450, NEEEBOR AR, DAHRBEINIZEL, FUERTEE PR AI XA » 1 TAE

TEHEFH BT Ahttp:  //wiki.tiker.net/PyCuda/Installationd, fi#R T £ FEIERYSE (Linux ~ MacfIWindows) H%
FPyCUDARIEEA IR o

FRERIXLE TR RA] LB Python 2.7 & 4T RRF #E— 1 32 A PyCUDAJE °

L1 2 N EHZRENVIDIASE ) H T CUDAF Z R A 444 (2% https: //de-veloper.nvidia.com/cuda-toolkit-
archive "I/ M4R) |, BEXF & MCRRIAGEE, IS0 NE o iIXEE AT TR o

OCUDA T & f1. http: //developer.download.nvidia.com/compute/cuda/4_2/rel/toolkit/cudatoolkit_4.2.9_win_32.msi °

O NVIDIAGPUiTHSDK:
http: //developer.download.nvidia.com/compute/cuda/4_2/rel/sdk/gpucomputingsdk_4.2.9_win_32.exe °
m NVIDIA CUDAJF &I BN

http: //developer.download.nvidia.com/compute/cuda/4_2/rel/drivers/devdriver_4.2_winvista-win7_32_301.32_general.exe °
2. N HLENumPy (£1%32(7Python 2.7fRRZA) FlVisual Studio C++2008 Express (iCfE, ZXEEIBRGE

E.) °

=

3.4TF L T-/Python27/lib/distutils/f) 3 msvc9compiler.py © 7E£5644T (1d_args.append
le) ) ZJ&, M E—47#8: 1d_args.ap-pend (° /MANIFEST ) -

4. Mhttps: //pypi.python.org/pypi/pycuda | #PyCUDA °

5.f77FVisual Studio 20087 FERfF: Hid“Fig”, BIE“FTE 2T Microsoft Visual Studio 2008|Visual Studio
Tools|Visual Studio Command Prompt  (2008) ”, SRIG#ZLLT B IRFFATHRAE -

(1) i APyCudaH 3% °
(2) #4Tpython configure.pyfiF 4 ©
(3) GmiH OIS siteconf.py:

(" /IMPLIB: ~ +implib_HJ



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\v4.2'

CUDA ENABLE GL = False
CUDA ENABLE CURAND = True
CUDADRV_ LIB DIR ['${CUDA_ROOT}/lib/Win32']
CUDADRV_ LIBNAME ['cuda']
CUDART LIB DIR = ['${CUDA ROOT}/1lib/Win32"']
CUDART LIBNAME = ['cudart']
CURAND LIB DIR = ['${CUDA_ROOT}/lib/Win32']
CURAND LIBNAME = ['curand']
CXXFLAGS = ['/EHsc']
LDFLAGS = ['/FORCE']
6.5/5. 7EVisual Studio 200887 L HERAF FHI ALl T a4, ZAPyCUDA:
python setup.py build

python setup.py install



tE ¥+ A 4000 =

CUDA Toolkit Archive

Latest Release

March 2015)

GPU Computing

E "'i NVIDIA

Archived Releases

$150,000

CUDATL A T E I
H ARSI
NHEX D RGIE R ADIIRE o B—2JIEPyCUDAR T IER %%, 8 AU TEIGPU R FRVFFIESE .-
import pycuda.driver as drv
drv.init ()

print "%d device(s) found." % drv.Device.count ()
for ordinal in range (drv.Device.count()):
dev = drv.Device (ordinal)
print "Device #%d: %s" % (ordinal, dev.name())
print "Compute Capability: %d.%d" % dev.compute capabllity ()
print "Total Memory: %s KB" % (dev.total memory()//(1024))
BT BB 2 5, ROZSE ST AV -
C:\ Python CookBook\ Chapter 6 - GPU Programming with Python\Chapter 6 -

codes>python PyCudalnstallation.py
1l device(s) found.
Device #0: GeForce GT 240
Compute Capability: 1.2
Total Memory: 1048576 KB
LA A
FfACRR A HAT AR F & B o X B, SAIFRIIAL T pycuda.driver:



import pycuda.driver as drv drv.init()

pycuda.driverZ & | CUDAMYIK 28 Z9FERE [, XILCUDA CIEE HFRziTh E wmiER O R iE, mHEHE
BT TS B A — SRR o

)G, TEF[drv.Device.count () X, BAIM—RGPU EF, MITEHE RSB EERE GFERED LEN
7)) -

print "Device #%d: %s" % (ordinal, dev.name())

print "Compute Capability: %d.%d" % dev.compute capability()
print "Total Memory: %s KB" % (dev.total memory()//(1024))

FIVAT

v PyCUDAR Andreas KlOCKner (http: /mathema.tician.de/aboutme/) 774 B4 4 %PyCUDAKIEE., TT5%

http: //documen.tician.de/pycuda/ °

WAAT#e & — 1 PyCUDAR.

PyCUDAZRIEIEZ 2N T BEFIRFFECPU MIGPU EHUTIEFTSITHY, HAPL&MERiofECPU LT, FAREFTIRAEL
EITHEES MTEGPU EHUT o DM AHATHIMBORTECPU (EHL) ESSHAMBUTHY, AT B TR BRI
EAEGPU (H#) ESSHUFFHITHY » £ & EIFATHUTRIBER I A% o TR & BT 8 A EREUN R 2 3R A0 T B
&, RAEEWTERR - 181 EERE BTN o

2805, TEREIRNENAFERB RN & Lo BRI N -
3R, FEBITIRE:
(1) BITEERT -
(2) VRN -
4985, THERFERNENFEBEI ARG -
5.5, BERME _ EORRINAT °

CPU e B CPUNTF
RN HRNTF
F|GPU F|CPU
GPU > GPU
Y e ik
PyCUDAZRFERE

BRI
N T B APYCUDALIEN, FATRE — NoxSHIBEHIECE, 5 ML TSR FHRIE -
1LfECPU L 8/ — P 5x5H% 4 -

2 KFEUHFSEIGPU -

3AEGPUHKHEANIT— M RIF CRELA R FTE T — %) -

4R EEH N GPUSS £ EICPU -

5.TENLS

B B RS TR ©



import pycuda.driver as cuda
import pycuda.autoinit
from pycuda.compiler import SourceModule

import numpy

a = numpy.random.randn (5, 5)

a.astype (numpy.float32)

a gpu =
cuda.memcpy htod(a gpu,

a =
cuda.mem alloc (a.nbytes)
a)

mod = SourceModule ("™ ""
__global  void doubleMatrix (float *a)
{
int idx = threadldx.x + threadIdx.y*4;
alidx] *= 2;
}
o
func = mod.get function("doubleMatrix")

func (a_gpu, block=(5, 5, 1))
a_doubled =
cuda.memcpy dtoh (a doubled,
print ("ORIGINAL MATRIX")
print a

print ("DOUBLED MATRIX AFTER PyCUDA EXECUTION")

print a doubled
(9 R L2 AR Y -
C:\Python CookBook\Chapter 6 - GPU Programming with Python\ >python

PyCudaWorkflow. py
ORIGINAL MATRIX

numpy.empty like(a)
a_gpu)

[[-0.59975582 1.93627465 0.65337795 0.13205571 -0.46468592]
[ 0.01441949 1.40946579 0.5343408 -0.46614054 -0.31727529]
[-0.06868593 1.21149373 -0.6035406 -1.29117763 0.47762445]
[ 0.36176383 -1.443097 1.21592784 -1.04906416 -1.18935871]
[-0.06960868 -1.44647694 -1.22041082 1.17092752 0.3686313 ]]

DOUBLED MATRIX AFTER PyCUDA EXECUTION

[[-1.19951165 3.8725493 1.3067559 0.26411143 -0.92937183]
[ 0.02883899 2.81893158 1.0686816 -0.93228108 -0.63455057]
[-0.13737187 2.42298746 -1.2070812 -2.58235526 0.95524889]
[ 0.72352767 -1.443097 1.21592784 -1.04906416 -1.18935871]
[-0.06960868 -1.44647694 -1.22041082 1.17092752 0.3686313 ]]



LR
B AT K2 LU S B A

import pycuda.driver as cuda
import pyecuda.avtoinit
from pycuda.compiler import SourceModule
import pycuda.autoinitid 7] B SHRIEGPU A] F AR R G FEZ I HIGPU o iX 5 A — DM ERE N RIAIEZTT

FRFFIIGPU LR o AR, AR & MAIER BT 307 Mpycuda.autoinit i8], FEHIERT S ARIFRR, 10
SourceModuleZH {4 Il & — L/ 4% 5 GPU T = HI R CAURG BT 52

BB R 5XSHVEIAFERE o HT KE-GPUITEANS MK BAVEIRECA, IV 15 Anumpy B

import numpy

a=numpy.random.randn(5,5)

NG, FEREHRIHL o BOR EE, P ZNVIDIAL R A LR KT

a=a.astype(numpy.float32)

SKIGPUTR N E — MR EE N ENAE (CPU) HR AR INE R R &S (GPU) - H, WUlfEi%ik
VE—JFIRESER, M DR, 7055 PyCUDA TR LRI > B S

v %A ERNE D ECES cuda.mem_alloc5E Y o FEHAT BN, &M ENNFAREHITIRE - XEWRE, &
TR & EIMTIEIT— 1 s, HXPEIR LA CEFE TR ENET o TEREdR N FNANFEE B 2 aNFEZ R, L
A BL s EFTREINAE: a_gpu=cuda.mem_alloc (a.nbytes) °

v @ DUR AL, CRAERE N AL AR E il 2 & N

cuda.memcpy_htod(a_gpu,a).

MEFER, a_gpue—4R), EXE LBNFEGEM N —LLHE o Fra X B AR AN, HELES
BEE5ERL © SourceModuleSE A A T & LN EL (FUCEHEL) doubleMatrix, 1ZERECR & MM EUH TR LL2:

mod = SourceModule ("™ ""
__global  void doubleMatrix (float *a)

{
int idx = threadIdx.x + threadIdx.y*4;
alidx] *= 23
}
")
__global__[REFFHE/R, doubleMatrix BN AU FE X 7 LT © H A CUDAHINVCCH FE A RFHUTIZES -
HAHREF WEE £
int idx=threadldx.x+threadldx.y*4;
ixSHCEFERER T, R4 brthreadldx. xflthreadldx.y %, WITFEFITR © R, RIINidxIFERETERRLL2:
alidx]*=2;

R, ZAEREREL6 DA R B ZtE o 0 BI AT —IK © threadldx.xFlthreadldx.yiX #1728 & & MOFIBHI R |,
B RPN LR o LR 5 GPUZRM K HNFH X B R - — MERXREEIRIREG— MR Z 4L
HER (SM) |, RIEiXeeL g pit— BRI W EwarpfU2e 24, HA/NHGPURIZGIRIE o [ —LLF24E N L H
— I {Ewarp ERFIVEHRI B ITE R o AT A HASM AGHH LM, R—HHANNEELFAHATHERTES o %
IFFEREM, ST FHE&FE L (divergence of threads) e WIRFE—HANRLREHITARIITES, EHIHETH
TR EEFT A Hwarp o B AR AT B EE  (BERETRIEENTE) HUT—RINT8L - BT RBNEELE
F& DX HRAAI B 73 AN Rl warp, - 2648 SR MR AR 3 thread Idx B AT V) 731

threadldxZ5 M A & =1~ E%: threadldx.x ~ threadldx.y#/lthreadldx.z °



HBRXYRS: T (x, y) , HAx=threadldx.x, y=threadldx.y
FMER, NZHEHAIE S CUDASRIFERNVCCHIIRIE « WIRE A S, Fa0l@fRmgdmiEminiis
£t o SZPr_E, mod.get_function ( “doubleMatrix ~) R[EIFE[F EE funcAUFRIRST
func=mod.get_function( ~doubleMatrix ")

A& EPUTERE, DAV IEMECERUTER « XIERETEMEM THA ~ KXo E T AR KRR L
PR o BT LU F funcER £ A A HIblock 2 BUEEL:

func(a_gpu,block=(5,5,1))

T sy, A6 &R A FEFEa_gpufl — MERERRHUT N EL, SREXRIEXT A MERE, vy
HRASTNERE, 27 AT MEAR o XFEEMRI S EBOT Z giE EE T ZIATEIERE - N TEEHTRID E2 M
MERFATIER, XHEMAGPUITE R T L Z &M - BEEH NSRS G, St USRS, JHE
B EITHITIES T - B MEAEHUTHFR AN -

FEGPUR & FIT RS, A M — DA RFLE R

a_doubled=numpy.empty_like(a)

cuda.memcpy_dtoh(a_doubled,a_gpu)

fEF DU B AIFTENSE R

print a

print a_doubled

HRY &

—Pwarp —HIT—MEATES o Kb, FEHRAMHREXFEERRER, DA R — MR TR < 0
RIBEFENZUHEEFZITZ NMERRNX R, 2RFREX R NE Pwarp, FHwarp il B 83 R SC AL -

i FE R PR AE PyCUDA N 71 AY

KT AREMAI A AR, PyCUDAREFRIZE ST SMEEH) K H N ERA AT 20T ZRAIFINI;  sSMxt 42t
RS ERRE o« LHE, THRIFEFHEAGPURMIIARIREPING, XN TRIMETFTRARHFAMNERLEE - £ FFCUDA
HIGPUE R, H4RNFE, EXLUTF »

v A fiAn (registers) : B MERFERHOHL— A AAA o BNERE NN H BOFFRR, MLIEV R HAVLRER
Firer, BMESXI HRE T — MERREXE -

v LZIFfEAR (shared memory) : TEMRAZFMERRT, B NMERERIREE — N HAMEELZANRG o XEH S N7
AR

v HEAFERS (constant memory) : — A& IR A AR — EAS A LU RLX I A NAF, (B A BEFE SR ] o
RN RS T BB TE N A RS A — EAFTE -

v 2572 (global memory) : FTEMIEHIVERE (HILEEEIENE) &R eREiEss, SR



FAEEE N HIFS F — EAF 1 -
GPURI AL T BT o

GPUN AR

MR ELLPyCUDARE A E] & NIE ROTERE, — DR ARUE ZEF T R E R N R — R, e A &
FHRBUBINAF BRI E B EIET (E A Z e, REBD ST 2RTEE R0 o X EE H T X o Ry
B35 (domain/codomain) , #FIEEAR XIRFE— DI A RIEIR TR FHITIZR © X, B TIXXRIERR LRI E
ENERFES, ATENGERETEE, REHETE0 R XRNEX 8RR o

BAAREENUTIVEA S TR

LAERFER P RER NS E I E AR -

2EBIZX AW EILRE, LB MR DIER R L e B, EF ST S E s -

3 AL EEILF AT ifas P HIRLRE

AMAEBE, BUHTREE, WREEEMERS T CERGRHHISS

S &Rl 5 AL

HAARSEH

T BB, Bl RE— BT o XM TSR E N RERERD SRR o N R (RS R A DUbR e s
TTHOERESRT:, LARHRIAZE RIS, F Tt B ROZ A FEREEAR R — 1T — 5 ot &



void SequentialMatrixMultiplication (float*M,float *N,float *P, int width)

{
for (int 1=0; 1< width; ++1)
for (int J=0;7 < width; ++3j) {

float sum = 0;

for (int k = 0 ; k < width; ++k) {
float a = M[I * width + k];
float b = N[k * width + j];
sum += a * b;

}

}

P[I * width + j]

sumy;

MR BN SRR T EHEREF ) — DT R, WA NED R G AZREIER R 0 B THS 18]  FATTRE M2 M —

MR X HORIT E B — D280, XA DIEE (AN 2R IEnids, s MR Z RAME,
BRAMEB D ERRERNAZTH

PUN /R B T %5075

import numpy as np
from pycuda import driver, compiler, gpuarray, tools

¥ - BRI

import pycuda.autoinit

kernel code template =" ""
__global  void MatrixMulKernel (float *a, float *b, float *c)

{

}

int tx = threadIdx.x;
int ty = threadIdx.y;

float Pvalue = 0;

for (int k = 0; k
float Aelement
float Belement

<

o\@

(MATRIX SIZE)s; ++k) {
alty * % (MATRIX SIZE)s + k];
blk * % (MATRIX SIZE)s + tx];

Pvalue += Aelement * Belement;

cl[ty * $(MATRIX SIZE)s + tx] = Pvalue;

mwoonn

MATRIX SIZE = 5

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)

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= (MATRIX SIZE, MATRIX SIZE, 1),
)

# JTHEIS,

pEiEt "2 = g0

print "Matrix A (GPU):"
print a gpu.get ()

pEift "-" % 80
print "Matrix B (GPU):"
print b gpu.get ()

print "-" * 80
print "Matrix C (GPU) :"
print o gpl.getl)

pELHE Y-" = gl
print "CPU-GPU difference:"
prifit & €pu — €_gpu.det{)

np.dalloless (g 6pl, ¢ gpu.get())

DAl 7 f51) ) i R3S ALL T T S -
C:\Python CookBook\Chapter 6 - GPU Programming with Python\python
PyCudaMatrixManipulation.py



Matrix A (GPU):
[[ 0.90780383 -
[-1.27266967
[-0.18135822
[ 0.20939326
[ 1.33780348
Matrix B (GPU):
[[ 0.04523897
[-0.08900332 -
[-0.6463753 -
[ 0.4485206 -
[-0.79841441 -

I

Matrix C (GPU):
[[-1.19226956
[-0.73617989
[-1.62555301
[-1.0040834
[ 1.59797418

0.
1.
0.
.27155793
o

0

0.
.3893919
1
0.
0.

1

4782407
02834761
69884419

42343542

99969769

4424541

77086055
16199949

.55315971
.28546685
.05654192
.00310731
.52156591

CPU-GPU difference:

[(f 0.

00000000e+00

0.00000000e+00]

.00000000e+00

5.96046448e-08]

0.
.15528528
.29881889
.57454145
.50257754

23222363

.04473436
.06948703
.81715286
.16582981
.35969591

.44614291
.02769876
.34626681
.4568972

.21708387

0.00000000e+00

5.96046448e-08

.63184392
.09468858
.15969539
.1466181

. 73388749

.28909719
.25977209
.67685211
.08478995
.46809086

.90420711
.97204924
.51481217
.90064859
31396151

0.00000000e+00

0.00000000e+00

.05509627]
.037099 ]
.21021318]
.84723163]
.883829

1]

.10332143]
.49602833]
.94934392]
.26223004]
.20455229] ]

Tl o Sl B O S S Wl i B S G N AR < i ol G G R W S T O il

.43665022]
.65403283]
.35338223]
.47408712]
.85150564] ]

-5.96046448e-08

0.00000000e+00

[ -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+00] 1]
KIS
HA1HKE —FEPyCUDAGRIE TR o B oG, WA I ARERE LUK A T DR A7 45 A H RERE -

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)

X5, 1 FIPyCUDA K #gpuarray.to_gpu () RiXLLAEFFEEHE|GPUR & H:

a_gpu=gpuarray.to_gpu(a_cpu)

b_gpu=gpuarray.to_gpu(b_cpu)
c_gpu=gpuarray.empty ( (MATRIX_SIZE, MATRIX_SIZE)

ZEIERIOZ T XD AL EEL

, np.F5Joat32)



__global  void MatrixMulKernel (float *a, float *b, float *c)
{

int tx = threadIldx.x;

int ty = threadIldx.y;

float Pvalue = 0;

o\@

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 * 5 (MATRIX SIZE)s + tx] = Pvalue;
}
FE, __global  KEFRTZHEZE —IMAREE, LANFEN ERAA s EERERERR
threadldx.xflthreadldx.y &M1& FIVEIERT| o« BFEFR, XUEEHITIZ RPN, FIA R ZE
SRR FRERRLIME o XN HTRIE T, SRR (ZFEREB ARSI —T) FRERZ2ifjEsh
X 5 | threadldx xflithreadldx.y © 18R G [HATIEIMAL, A T B XEEERG T, EGXEAH—R
TEIME o 72V i MatrixMulKernel NAZ ARSI, LL2x2 K /N 3 & 2R 2 AR T 20T
mod = compiler.SourceModule (kernel code)
matrixmul = mod.get function("MatrixMulKernel")
matrixmul (
a_gpu, b_gpu,
c_gpu,
block= (MATRIX SIZE, MATRIX SIZE, 1),
)

BUOHHAZAUEE, 1 CUDALREMAE — B AT LB A MERNGPULIZAERL - iR E B B B HIZAELL
FEOMARES:, B E ZEREERRIBIEF T, flan, — D RECAENE NI LLE i AR TI R -

&Ja, FTEEER, WIETEAERETIER, RS c_cpuflc_gpuiX i MERE R Z(E:
print "-" * 80
print "CPU-GPU difference:"
print c _cpu - c_gpu.get()
np.allclose(c_cpu,c_gpu.get())

% FH GPUATrray il F N %

e E— R, FA 1A T IR A T A SR A — A
pycuda.compiler.SourceModule(kernel_source,nvcc= “nvcc ,options=None,other_options)

XA MCUDARM i kernel_source H 1@ — MEERL o SX)5, 5 H 45 %€ AL FINVIDIA ANV CCYRiF 2 g 11K
5 o

{H7&, PyCUDAS5| A T pycuda.gpuarray.GPUArray2s, $2(t T (¥ CUDAHUTIT RIS ZH !
class pycuda.gpuarray. GPUArray(shape,dtype,*,allocator=None,order= "C )

HTAEH A Fnumpy.ndarray, #2&REIR R G2 IT R FFIHEZLEF T HITITE © shapefldtypeZE S T ITE
NumPy S 5 s —F o

GPUArray KPR EEBUE T H T EER S BIR R EUE R - gpuarray I O RE 8« —FIT L0018 —1



NumPyXCHREHH, Ll A AR

>>> 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)

A DUE S IEH 75 T gpuarray:

>>> xarray([-0.24655211, 0.00344609, 1.45805557, 0.22002029,
1.28438667])
>>> x _gpuarray([-0.24655211, 0.00344609, 1.45805557, 0.22002029,
1.28438667])
HAARSCHL
PUR RO B/ 48 T GPUArmray R A, 45 TGPU  IWRE— M REMS R, BE N HAMIT R — 1 B2
TR o PR IR
import pycuda.gpuarray as gpuarray
import pycuda.driver as cuda
import. pYcuda.auteinit
import numpy
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

Wi (FEIDLEAZATICERED a0

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]
SEAIRG

H AN TR

— — /o

]



import pycuda.gpuarray as gpuarray
import pycuda.driver as cuda
import pycuda.autoinit
import numpy
i \FEREa_gpu B EFENLE BTN o AR EFEGPUFHITIHE CRIAEFERVRTATISR2) | RFERT 17

a_doubled=(2*a_gpu).get()

THRERRAF Ea_doubled EFEH (£ iget () T7ik) - WJm. FTEILER:
print a_doubled

ARRYR

pycuda.gpuarray.GPUArray = SC R B BARIZEHST, LARIFZ HEMRE, XS 22 BNumPy HRIN R DA
SEERRY o XA, pycuda.cumathH R FR (I TR 2 RFIR BN AL o 7] LU% H pycuda.curandom LN RE, A B AR T35 5) 43 AT bl
1%L (uniformly distributed random numbers) ZHEAIEZH -

% FHPyCUDAX 2 T & F 1A 7K H

PyCuda.elementwise.ElementwiseKernel EN {3 77 2 ik 0 EHUT IO, X E i s U — P a2 MR EEEA
B, HFEIRRS— TR, BT

ElementwiseKernel(arguments,operation,name,optional_parameters)

X EFREER NEFI -

v arguments: iXi&—PCEEFIIE, WENEHITE LGS -

Vv operation: X2 BEAESE L HATHIRIE - MMRSERME, AT —TECRHAT A #B1E -

v name: ZHJATR o

v optional_parameters: iX#& LT REIF%E HEIFgRETES

H ARSI

TEAMGF, FATTRF/ A ElementwiseKernel Vi H B & WA E %A H1501 70 & 4H AL PR 1~ [7] Einput_vector_aAll
input_vector_b, XA EEHEREIFER o FBATAMEEEZZTTE B EATZEMH A (linear combination)  ©

FARRS AT

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 egefficient a = 2

mult coefficient b = 5

linear combination = ElementwiseKernel (
“Mleoat a, float *x, float b, lleoat *y, float *ev,;
Yeld] = a*x[i] + B¥[L]",

"linear combination")



linear combination result = gpuarray.empty like(input vector a)
linear combination(mult coefficient a, input vector a,

mult coefficient b, input vector b,

linear combination result)

print ("INPUT VECTOR A =")
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) =" % (mult coefficient a, mult coefficient b))
printi{linesr combination result - (milt ceeflicient avinput vectoer a

+ mult coefficient b*input
vector b))
assert la.norm((linear combination result -
(mult coefficient a*input vector a +
mult coefficient b*input vector b)).get()) < le-5

EAACRE AR d S TR AT TR AR AR



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
0.55539854
0.135280186
0.18071586
0.55373788
0.07541087
0.65380263

0.7004351

0.97497243

0.39899685

D @1588917

0.83971804

0232485247

08028055

0.55443048

0.87159222

0.36948711

0.2927697

0.75943208

0.01466237

0.14676388

0.055651658

0.19723719

0.49621502

0.34328628

0.36201504

0.49343511

0.77559627

0.72028935

0.49400434

0.72457349

0.19640177

0.06811771

0.09503061

0.79146844

0.54659295

0.87861985

0.40941685

0.46491891



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
0.01146086

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
1.80580129

5.6650176 6.34947491 1.11484694 4.90458727 3.00416279
3.78077483

0.65587258 1.70606792 3.25190544 2.2730751 2.02877283
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) =

[ B . @ B. @ LB & B O B @, 0. 0. Q. OB B O,



LA A
TEHEASAZE, BAEEE):
from pycuda.elementwise import ElementwiseKernel

WIS B EARERIFT A TR © i0fE, BESERRIESE Kinput_vector_afllinput_vector_biX f§ ™ [a] &AL HEH A o
A] LU FHPyCUDA A fjcurandom/& (B T A s fhBENLED #IIEMIX BN H & o

fEH LT RIS ZE:

from pycuda.curandom import rand as curand

RJE R LML R (RN RS0 TTER) -
input_vector_a=curand((50,))

input_vector_b=curand((50,))

BN ARE UMD RIER AR, H TR A BRIZIEH S
mult_coeff¥cient_a=2

mult_coeff3cient_b=5

ARENIRZCRNZIAR, 316 FHPyCUDA /) ElementwiseKernel F35 BNEL, 41 F FiR:

linear combination = ElementwiseKernel (

"Eloat 4, float. %k, fleat B, float *y, floal =%,

"el[i] = a*=[1i] + b*y[i]l"¥,

"linear combination™)
B—THASEINR FHCESHREEL) | EXLTHEZEMARITRE TS
“Hoat a, Hoat*x, HJoatb, Hoat*y, Hoat*c ~
BATRE LT WTRES I o M T R NS ME, KELTAGZH:
“clil=a*x[il+b*y[i] ~,
/5 —17¥4 ElementwiseKernelfii 4 linear_combination °
TENZRRZ G, A RFERNE R o B — DA ) & 45 AR § S [ &
linear_combination_result=gpuarray.empty_like(input_vector_a)
T BRJEN A KRAE:

linear combination (mult coefficient a, input vector a,
mult coefficient b, input vector b,
linear combination result)
ATLLE A DU AU R B4 2R
asSBert. la.ndkm (| (Litear eoibiliation FeSiulE -
(MELE, ceetficient ™ input Veetor 4. +
Ll SoeffieiEnt *LApUL Veeter b)) .getf)F < 1&~5

assertEN B 2O ELER, WRFMFABR T LR -
FIVAT R

% TR H CUDAZERcurand/%E, PyCUDAL$RHE T H A% 2~%, /K7 LA#Ehttp: //documen.tician.de/pycuda®s 7
% o

i HPyCUDA /4 TMapReduce?§
PyCUDA# Mt T7EGPU L HUTIHZ#/E (reduction operation) FAZhEE © A]iE 1Y pycuda.reduction.ReductionKernel /5 2
ST,
ReductionKernel (dtype out, arguments, map expr ,reduce expr,

name,optional parameters)
XEBEER LTI -



v dtype_out: X &5 HAVEIERE LAHET numpy.dtypefiiE K EIFEE -

v arguments: XXE—PNCESEINER, GETHAREW LBITESE -

v map_expr: iXsE— NERREFIRENFERFE o ZRAEX TN MELIET L RIGI A -

v reduce_expr: X2 —NERIFAIERIFAH o XN FRARTIHIES VNG FEFR, Wa, b, ¢, ..., z°
v name: iX/& 5 ReductionKernel#H BRI FR, A% AE L2 RHITImIE

v optional_parameters: XSESEAEZSLHIFIFAEE, FNENERFERITES

TEATEERESRLE (20— BTN, ERESETIEANULE Y Tmap_expr, RETERIESE R L
H4Treduce_expr °

FARSEE

A 218 1T 5L L ReductionKernel R KM & (500770 ) AYSFL (dot product) © SR, IR NIRE
A (scalar product) , &=—MECZEHE, BIEEEMTKEMSENHFRFY GEESLRRER) | SRAMMEFFI
O N ISR AR 2 F o 53X e — > WL HMapReduce 2 F, map#R{E&1% R Tk, reductiontRE& KT A FefR 2 F -
SERGX—{E 45 AIPYyCUDA I AR 45 :

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[1]*y[1i]",

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

FET L PR AT AT Bt RS, REARTG R A%



C:\Python CookBook\Chapter 6 - GPU Programming with Python\>python

PyCudaReductionKernel .py

INPUT VECTOR A

[

0
18
36
54
72
90

108
126
144
162
180
198
216

1
19
37
55
73
91

109
127
145
163
181
199
217

2
20
38
56
74
92

110
128
146
164
182
200
218

3
21
39
51
75
93

111
129
147
165
183
201
219

22
40
58
76
94
112
130
148
166
184
202
220

23
41
59
77
95
113
131
149
167
185
203
221

24
42
60
78
96
114
132
150
168
186
204
222

25
43
61
79
97
115
133
151
169
187
205
223

26
44
62
80
98
116
134
152
170
188
206
224

27
45
63
81
99
17
135
153
FT4
189
207
225

10
28
46
64
82
100
118
136
154
172
190
208
226

11
29
47
65
83
101
119
137%
155
173
191
209
227

12
30
48
66
84
102
120
138
156
174
192
210
228

13
31
49
67
85
103
121
139
157
175
193
211
229

14
32
50
68
86
104
122
140
158
176
194
212
230

15
33
51
69
87
105
123
141
159
177
195
213
231

16
34
LY
70
88
106
124
142
160
178
196
214
232

17
39
53
71
89
107
125
143
161
179
197
215
233



234
252
270
288
306
324
342
360
378
396

235
253
271
289
307
325
343
361
379
397

236
254
272
290
308
326
344
362
380
398

237 238
255 256
273 274
291 292
309 310
327 328
345 346
363 364
381 382
3951

INPUT VECTOR B

[ 0
18
36
54
72
90

108
126
144
162
180
198
216
234
252
270
288
306
324
342
360
378
396

1
19
37
55
73
91

109
127
145
163
181
199
217
235
253
271
289
307
325
343
361
379
397

2
20
38
56
74
92

110
128
146
164
182
200
218
236
254
272
290
308
326
344
362
380
398

3 4
21 22
39 40
57 58
75 76
93 94

111 112
129 130
147 148
165 166
183 184
201 202
219 220
237 238
255 256
273 274
291 292
309 310
327 328
345 346
363 364
381 382
399]

239
257
275
293
311
329
347
365
383

23

41

59

77

95
113
131
149
167
185
203
221
239
257
275
293
311
329
347
365
383

240
258
276
294
312
330
348
366
384

24

42

60

78

96
114
132
150
168
186
204
222
240
258
276
294
312
330
348
366
384

RESULT DOT PRODUCT OF A * B
21253400

LK

241
259
277
295
313
331
349
367
385

23

43

61

79

97
115
133
151
169
187
205
223
241
259
277
295
313
331
349
367
385

242
260
278
296
314
332
350
368
386

26

44

62

80

98
116
134
152
170
188
206
224
242
260
278
296
314
332
350
368
386

243
261
279
297
35
333
351
369
387

27

45

63

81

99
$17
135
153
171
189
207
225
243
261
279
297
315
333
351
369
387

244
262
280
298
316
334
352
370
388

10

28

46

64

82
100
118
136
154
172
190
208
226
244
262
280
298
316
334
352
370
388

245
263
281
299
317
335
353
371
389

11

29

47

65

83
101
119
137
155
173
191
209
2217
245
263
281
299
317
335
353
371
389

246
264
282
300
318
336
354
372
390

12

30

48

66

84
102
120
138
156
174
192
210
228
246
264
282
300
318
336
354
372
390

247
265
283
301
319
337
355
373
391

33

31

49

67

85
103
121
139
157
175
193
211
229
247
265
283
301
319
337
355
373
391

248
266
284
302
320
338
356
374
392

14

32

50

68

86
104
122
140
158
176
194
212
230
248
266
284
302
320
338
356
374
392

249
267
285
303
321
339
357
375
393

15

33

7§

69

87
105
123
141
159
177
195
213
231
249
267
285
303
Jal
339
357
375
393

250
268
286
304
322
340
358
376
394

16

34

52

70

88
106
124
142
160
178
196
214
232
250
268
286
304
322
340
358
376
394

251
269
287
305
323
341
359
371
395

17

35

33

[ 5 |

89
107
125
143
16l
179
197
215
233
251
269
287
305
323
341
359
317
395

TEZRHZS A, i A\ 7] Einput_vector_afllinput_vector_b#REEEME - N EHPHIHFAIEH, B 1 WENTHE
(ETE0RI3992 A (&F4001TH) -

vector_length=400

input_vector_a=gpuarray.arange(vector_length,dtype=numpy.int)

input_vector_b=gpuarray.arange(vector_length,dtype=numpy.int)



TERENFEHIANZ G, 7 LU FHPyCUDA B #{ReductionKernel % & . MapReducef{E:

dot product = ReductionKernel (numpy.int,
arguments="1int *x, ing *y",
map_expr="x[i]*y[i]",
reduce expr="a+b", neutral="0")
XD ZERERYE LT
v SRGIERPIVE -SR], RS — L -
v E IR RICIE S IIPMCE L TR (EEECH) rEdERE -
v B =T EmapER(E, BRI [ & T R AR
v ETUNEREEreductiont®1E, BISKFTA el 2 1 o

¥E, A HReductionKernel S5 {7l (I i 4 45 5 & — M F1E T GPUH RYGPUArraybr & o 7] LLE F Hget /712K H Al E
CpuUH, EE A AFEGPUH M X 1ME o

SRJE . AT 5 A AL

dot_product=dot_product (input_vector_a,input_vector_b).get()
Ha, FTED A ] & DL R ) R

print input_vector_a

print input_vector_b

print dot_product

{# FHNumbaPro 1T GPUZRHE

NumbaPros& — "PythonZ@i¥ sy, #&ft THETCUDAMAPIZRIER ], LIRS CUDAREF - BRI TITHRIUTS
A RAITRAESS, AT 28 FHAONumPy 2R o SEEHAM KA BAESS T B8R HAT IR E & & FHGPUS IE &%
58 © NumbaPro F] # NumPy £ R A | I A LR EH A BT 7E GPU B £ . CPU_E I THY M Ak g i AU ©

A SR Python BB E KU H  (type signature) , A FFEa TR gRIERME (B AIITSRIE) -

oy BB AR 40N Fros e

¥ numbaprojit: A ERE RKCUDARIEEL < BENZIEIMERNT, et &K a=imas TR EN il gwiE
FPTX, TEGPUFHUT -

v numbapro.autojit: JERFE—PEHECHIEIRYRIF (deferred compilation) , X EIRET B ZELNE N HE A SR
B

v numbapro.vectorize: & —FTiEHIufunctf 5 (NumPy FHIBABED) | #2— 10 HLUMESEIHTH
7 o

v guvectorize: B FTEgufuncXf % (NumPy B ERED) o X R LI EEANTHE (F
http: //docs.continuum.io/numbapro/generalizedufuncs.htmIFR B 2 Bikh) o

XELIRER A A — N E PR (target) AOZmIESRTES. M TEEEAEER EFR - NumbaProfwi%as 35 H T HIGPUS
FAR o AT HARAT A TR ELERIE, TGPUTRSNIRHTHE MBI LANVIDIACUDA GPUIAT ©

& TIE

NumbaPros&Anaconda Acceleratef) —#545), /5% &Continuum Analytics~ =BT R =08 (22K FH ] DL Bk
W {# A NumbaPro) ° B%:T LIBSD P& AR VR E Numba, i Numba B SR AR K FLLVMYR %485
NumbaProHJGPUJ5 i F| f] T 2T LLVMAINVIDIAZ #45SDK ©

W#Ef# FINumbaPro, #—# % T % %% Anaconda #&HEfPython & 1ThR (http: //continuum.io/downloads) , iX/&
— N ERRTRAEANHPython KATHR, FTH T RHEEGRLI ~ T AT AR, A& FZHATE (NumPy
SciPy ~ IPython%¥) , L4t T — 58 KAV HEE H#Fconda

ZHf AnacondaZ J&, MAnacondaf) iy 4R AT I A LU T R4

W

> conda update conda
> conda install accelerate
> conda install numbapro
NumbaPro /% H & CUDAM Zhas . RIEHA PR ARG CEME A T snvishas - ELE5% /5, ATLURNICUDA



JEFIGPU ° F i1 Anaconda?Z il & #7 H PythonFf-4ij A :
import numbapro
numbapro.check_cuda()

XTSRRI A0 T AR (AT 68 A2 6411/ Anaconda Z AT -

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.



Please check out: http://continuum.io/thanks and https://binstar.org
>>> import numbapro

Vendor: Continuum Analytics, Inc.
Package: mkl

Message: trial mode expires in 30 days
Vendor: Continuum Analytics, Inc.
Package: mkl

Message: trial mode expires in 30 days
Vendor: Continuum Analytics, Inc.
Package: numbapro

Message: trial mode expires in 30 days
>>> numbapro.check cuda()

Finding cublas
located at C:\Users\Giancarlo\Anaconda\DLLs\cublas64 60.dll
trying to open library... ok

Finding cusparse
located at C:\Users\Giancarlo\Anaconda\DLLs\cusparse64 60.dll
trying to open library... ok

Finding cufft
located at C:\Users\Giancarlo\Anaconda\DLLs\cufft64 60.dll
trying to open library... ok

Finding curand
located at C:\Users\Giancarlo\Anaconda\DLLs\curand64 60.dll
trying to open library... ok

Finding nvvm
located at C:\Users\Giancarlo\Anaconda\DLLs\nvvmé4_20 0.dll

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------=------ccccmeeuo—-
Found 1 CUDA devices
id 0 GeForce 840M [SUPPORTED]
compute capability: 5.0
pci device id: 0
pci bus id: 8
Summary:
1/1 devices are supported

PASSED
True
>>>

HRSEH



TEAGI R, FeA 16 F iR @guvectorize K i I NumbaProZ i a3 H % o 78 FHEIAIESS . Fefi 11t f# FI NumbaPro
BT RERE et -
from numbapro import guvectorize
import numpy as np

Qguvwectorize ([ "vodid{ant®4d [:,2], antbd[z2,u], 1nt6d[2,:1)%],
'(m,n), (n,p)->(m,p) ")
def matmul (A, B, C):
m, n = A.shape
n, p = B.shape
for 1 in range (m) :
for j in range(p):
Cli, jJl = 0
for k in range(n):
Cc[i, j] += A[i, k] * B[k, 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")

prifnt (":\n%s" % A)

print ("INPUT MATRIX B")
priat (" \h%s" & B)

print ("RESULT MATRIX C = A*B")
PELHE ("EANESEY % C)

AT B (68 AnacondafZ il &) ZJ5, RZ2 IR AYHI -
INPUT MATRIX A

[7 7 85 8 5189 5 9]
[32 5 5 4% 7T 658 3 1]
(71 & 87 963 3 3]
(744 378121 2]
(4 771 3556 7 6]
[5 015844 4 4 9]
[1 3207 372 3 4]
02 9 07 & 9 7 4 7]



[7 376056 4
[21 9710357 3]]
INPUT MATRIX B

[N}
[N
<3

[[2 9 84 2 3 8 7.3 1]
[#1 3380783 5]
[7 4 96 65 9 7 6 6]
[6 8 315447 7 5]
[6 2 B1 2 &8 6 D& 8]
(4 457 60113 8]
[2 78619 8 41 6]
[2 2 98 3 6147 4]
[2 & B8 3 3 3 24 9]
[8 4 6 78886 7 8]]

= A*B

RESULT MATRIX C
[[368 284 402 331 304 295 361 291 327 378]
[231 207 278 226 188 198 236 177 193 273]
(248 247 280 217 208 190 243 198 232 279]
[201 181 232 175 173 149 218 156 170 225]
[297 232 331 301 238 225 290 225 2289 213]
[235 229 270 222 181 248 246 175 219 280]
(174 142 201 166 124 185 192 108 129 217]
(267 213 348 297 212 292 289 194 233 334]
[266 254 305 239 228 230 303 234 232 288]
[ ]

227 219 255 215 166 189 214 196 204 229]]

SEAGIRE fif
@guvectorize]EFEIE H TEUEHSEL o Mg W % — MRINEL, 8 Egufunc® 4 o N0 SEIERITT TR ©
v B =N SETE E EE TR AR, HEBEEUA: 7 void (int64[: , - 1>int64[: , : 1~im64[: , - 1) 7
v @guvectorizel 5 — M SEEEE MFHREREELAE: © (m, n) , (o, p) -> (m, p) ’
@guvectorize ([ 'void(into4([:,:], inte64[:,:], inted[:,:]1)"'],
'{m,n), {n,p)->(m,p) ")

HEZERRIES, FA1E Lmatmul (A, B, C) #(E o BEZW MEIAEFEARIB, A ki HAEFEC © HREgufunc
%, AIDAHE:
A (m, n) *B (n, p) =C (m, p) , EFm n - phEFEAOYEE
FEPERAN A FTHUT = FEFER T | forfBEARI AT K H
for 1 in range (m):
for j in range(p):
cri, 31 =0
for k in range(n):
Ccli, J] += A[i, k] * B[k, 3]

NumPy 7 fJrandintE4 %% 7T F T A Bl AL AR PR e L4



dim = 10

A = np.random.randint (dim, size=(dim, dim))

B = np.random.randint (dim, size=(dim, dim))
Bha, (X AR E N SR F matmul BN EL, T ED S IO HERE

C = matmul (A, B)
print("INPUT MATRIX A™)
print("RESULT MATRIX C = A*B")

Q

print (":\n%s" % C)

81 NumbaPro i F GPUJNIE 1 JZ

NumbaPro$&fit T —{~CUDAZE R Python#f 3%, A A TEUE A (numerical computing) ° #/H TiXEEE, L4

GALA 5 GPUM KRS B AT IR A KB 3R T AR SR RN T P

v cuBLAS: jXENVIDIAFFZHI—AE, $H T AIfEGPU FiafTi FEEEMEREENEL - 57ECPU LSEIL T LA

FOHEROFE A ECFF2F % (Basic Linear Algebra Subprograms, H#SBLAS) 2K{ll, cuBLASZERFHEKE 5 M LA

=/

O%—Z: [EHRE -

OFE R FEFEMFEZFARESAHE (ransaction)  ©
OE =2 FEFEZIARVERIE -

BRI X =R, BETHUTREREREL D BREEINER « B, 10 BREREEHITE

WERE BRI 7 E A EAYEER

v cuFFT: ZFERM T —FENVIDIA GPU LIzt =it R ksl B 45 #:  (Fast Fourier Transform, FFT)

MOfETEEE O, W ATEAS BATSEEIFFTRYIEOL T A A GPU RFHATHRRIE

¥ cuRAND: %% S R QR EREILEL » HERENLETERYE B — e R RIR AR R BE LAY -
Y cuSPArse: ﬁ‘f“hﬁTéiﬂﬁHﬂ:mIE% }IL%E|§$ (sparse matrix) E/‘j;@ﬁ ° ﬂE]:] #/\EIH bE/] ﬁj—é” \jjm/\

OF—F: XLEMEIAE (sparse vector) FIFHE A& (dense vector) 2 [AIATER(E o
OFE R XEEMEEE (sparse matrix) FIFHZ & (dense vector) Z [FIfHRAE o
O %j}g ;XL RFRERAERE (sparse matrix) F1—ZHFHZ W& (dense vector) Z [HIfHR(E o

O ¥t X SCRPANFIAF I 2 2 AR A BRI -

HARSIH
HEARGIT, FAINFEHFEETR (General  Matrix — Multiply, BFRGEMM) HJ—FhSEHL, i FAEFE TR E—FITE
NVIDIA GPU_FHUTHFEAIFRIE (matrix-matrix multiplication) FIFIFTRER o N ¥ o5 A1 AR (5 F NumPy BER A 2 1 R

56 F cuBLASIERIFHATAR © A5L, sEF50f PR Z [RI B SAT I [A] -
ARG T FrR



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.randem.rand{dim, dim)
D = np.zeros like(A, order="EF')

print ("MATRIX & ")
print A
print ("VECTOR B :")
print B

# NumPy

start = timer ()

E = np.dot (A, B)

numpy time = timer() - start

[e]

print ("Numpy took %f seconds" % numpy time)

# cuBLAS
blas = cublas.Blas ()

start = timer()



def

blas.gemm ('T
cuda_ time

kot Biakw

print D
print ("CUBLAS took %f seconds" %
np.absi(D — E)
prant { "Maximam error 5" %

difsf

main (

gemm (

(
(

'] ITI’
timer ()

dim,
- start

dim,

dim, 1.

0,

A, B,

("RESULT MATRIX EVALUATED WITH CUBLAS")

-

)

Q

if name == ' main 1%

IEAT REBIERAT A AT -

main (

MATRIX A :

L1

O O O O O O O O O O O O OO OO O OO OO O O

o

.79582178
.20724061
.6742022

.15774015
.61500219
.84005388
.60694411
.9064746

.60166404
.2912572

32192297
.88491826
.21512101
.0586854

.77378663
.25423268
.77808301
.63316824
.97122802
.53542786

VECTOR B :
[[ 0.17084153

0.

00681474

[ 0.81913609

0.

75033104

[ 0.10071768

)

O O 0O 0O 0O O O 0O 0O 0O 0O 0O0O0O 00O oo o O O

o O O O O

.95671563 0.69251157 0
.55065641 0.2257875 0
.43449657 0.04862685 0
.2847742 0.81601615 O
.65982283 0.73493152 0
.38745489 0.676947 0
.65138528 0.63773284 0
.93419845 0.14609622 0
.41423776 0.09938464 0
.81481984 0.65222424 0
.30244072 0.86595209 0
.98290063 0.62965353 0
.64731098 0.4079146 O
.48812094 0.3625991 0
.43994483 0.5620805 0
.06869655 0.13642323 0
.47386303 0.54323866 0
.58479485 0.45141828 0
.53723365 0.68688748 0
.83478941 0.27459888 0
.44546677 0.21551063 O
.01126972 0.13769525 0
.97583768 0.52579565 0
.41878918 0.96892428 0
.3090773 0.94185921 O

.85600979
.90146437]
.9023226

.34114773]
.21913261
.31530397]
.06589098
.28317855]
.19315303
.0670377 ]
.37701833
.38323725]
.8371392

.58142603]
.70350504
.00221422]
.42010733
.46231481]
.54315409
.21024639]]

.39731923 0.
.63437229]
.20179695 0.
.54358419]
.70550442 0.

cuda time)

hp. M (ditf) )

.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



—_—
o 0O 0 0 0 0000009000

.23255164
.84163163
.02367708
.90406949
.16257016
.62989968
.16352136
.44608094
.18330497
.37860881
.72063491
.42135462
.71826696
.08020851

0.
Numpy took 1.167435 seconds

0407631

o 0O 0O 00 000000000

0

.96166165
.59296382
.65485736
.03424157
.81357471
.47944669
.42323191
.19969488
.76095336
.33079438
.42698316
.89413827
.9748898

47789158
.41811299

o o 0O 0O 0 o0 00O 00 00O 00O

RESULT MATRIX EVALUATED WITH
2.58999843

([ 2.
.71083261

.70759988
.37381915
.93301949
.8600905

.05665894
.68187918
.68553937
.54050405
.55782414
.92525406
.27705425
.39131705
.94662205
.79113948
.42686338
.51847658
.44854528
.65043895

—
H N HNOKREMERNKMERNDE FREERBDLDEHERNDKHENRE

BT A SEcuBLAS R R & ©

93393517

SIS
BT B FFH R INumPy FlcuBLASSEH, Bl 1S AFTE L FF R E:

import numbapro.cudalib.cublas as cublas

3

N WM EFE NN WNEFERFRRBLODEFEWOWDRODNDND W

W]

.22653293
.20145366
42236864
.80760808
.70921232
.70096673
.92477247
.6942483

.98030198
.8876191

.2600454

.76932667
OB TS
.43879465
.62822264
.08449619
.22641127
.05078902
.69315101
.79595207

N N E N PR NERWREBDNDENNDERE WD RN O W

.65615938
.12281989
. 79834789
.01519989
.58567631
.86860435
.46907905
01035155
.12880003
.19275564
.53811423
.00620849
.9086774

.45538401
.2539022

CUBLAS

.4654546

.94108333
.87826551
.08465713
.21368161
.42646422
.30742661
.05436088
.04514196
.57942935
.03618471
.98218876
.75148098
.12425671
.05742732
.3762425

.68199133
.3255071

2.82714486
CUBLAS took 0.004226 seconds
Maximum error 0.000000

oo 00 00 00000 0000

W w Mo N E PR W RN WK N WWRNDND WD

.16991118]
.32851275 0.
.76747705]
.5011444 0.
.24503327]
.94086568 0.
.97772097]
.69528549 0.
.24301603]
.58316669 0.
.83682958]
.63770542 0.
.7084634 ]
.26468263 0.
.73346706] ]

.97688025 2.
.9246803 ]
.20715685 2
.88739456]
.39447429 1,
.20257798]
.45288009 1.
.35163885]
.03107385 0.
.49719893]
.11991574 1.
.87628333]
.30511984 1.
.14994564]
.72230283 1.
.82536594]
.57727754 1
.72340269]
.17886105 1.
.58489296]]

78716318

63175281

24312278

07219375

35753971

29376823

84960276

40723642

.06739391

76684939

27576149

98066787

91570669

85547257

21131853

.80747335

47260987

.02568872

.17705116

.13450463

.91454669

.63697732

.68415057

.1108932

.22561846

.78390442

.B4034554

.65682509

.94328559

.93236718

.36423334

.56748417

.53040609

.69597578



import numpy as np

RN, R SCHERRLERE

dim=10

DR Egemm () B B, & UHIATERE:
A=np.random.rand(dim,dim)
B=np.random.rand(dim,dim)

XHE, FIDMRAFcuBLASSEIL At -
D=np.zeros_like(A,order=" F )

ARG F, HATBGET NumPy FlcuBLAS SERATTTE » NumPy K{EFIAH 9. E=np.dot (A, B) , HAFEFFE
RRFRTA -

55, cuBLASSZHIANTR:
blas = cublas.Blas()

start = timer ()
blas.gemm('T', 'T', dim, dim, dim, 1.0, A, B, 1.0, D)
clde. "thie — ChmeE ) — SLart

gemm () EECEUBLASHAI—1 %= EEE:

numbapro.cudalib.cublas.Blas.gemm(transa, transb, m, n, k, alpha,
A, B,beta, C)
B LA I R S T AR A i
C=alpha*op (A) *op (B) +beta*C, HHop WiZERIE (transpose) ZiIFiZH
EHE R, HWRMAER, HREPUTHRE (cuda_time) -

print ("CUBLAS took %f seconds" % cuda time)
diff = np.abs(D - E)
print ("Maximum error %f" % np.max(diff))

FRT

RIS, FA1%5] T cuBLASFERIR A © BHE5EBERI TR, & Fhttp: //docs.nvidia.com/cuda/cublas/index.htmlF/l
http: //docs.continuum.io/numbapro/cudalib, L X B{NumbaProfl /Y 52 B CUDA BN EUZE 1] 5E ©

% FAPyOpenCLAE

FFHTHEIES (Open Computing Language, FROpenCL) &M TH &ZBEAF T Gi217BFIIMELRE, F& LU
FAZNTR] A2 77 7 A2 72 I CPU B GPUAH LY o 1ZAEZE FH Appleflli#, J5 8 —1"#5 Khronos GroupHJ3E & I & 4T & F 4
1 o IXMEZEZTEGPU H i FICUDARTE IR E 2 A7 %, (BE IR SEIAAF - CUDARIIESAETRHR (H
NVIDIAZF* ~ FFRHGHHIEE) |, AT BHEEAE RN TR ERTEEE - TiopenCLN%AH T 5 L JLF
PG & & 3 A RIfFHRTT %€ o FlOpenCLYR S HUFAF v LATERT A ) i (Wiintel ~ NVIDIA ~ IBMAIAMD) A2 7= fy40 2
#% 3217 o OpenCLE & —FETC9 (BH MR FIET, WWMENE, SFFEEHAICUDA-C-Fortrangk CUDAH [F]
(77 =3 FRE M o OpenCLIRHE: 74T R HAT ~ FIHHIRIE, WA IEFER SR FEHITF & HHLE o HE
OpenCLZJFHI AT BAEME AR, HEEFEA R & LB THRIRARH, XWHR T &1 & EREERRIERTEE - T
R AR, RIE RS IVRER AT B R EE o FELUNREIF, Ff TR OpenCL7E Python H AYSEH, Y
{EPyOpenCL ©

R TAE

PyOpenCLZ TOpenCL, #ftPyCUDAZ FCUDA, f£2GPGPU & [JPython 37 (PyOpenCL7ENVIDIAFIAMD
MAXMIGPUL R TH¥24T) . HAndreas Klo cknerfF A& FI4EH o W11 A Christoph Gohlkef@{HtH) —##fl, 7EWindows
-5 T Z3EPyOpenCLIR A 5 o ‘BRI T I & B EE FPython B4 B BT AR A Windows — 3t | 2236, o F1# A
Windows 2 i Python ] F R 1R H A H B)) -

TR0 N UERE, AT LLFE B NVIDIA GPU R FAYWindowsFE i H, “NPython 2.74 17 HRAE #3247 f)PyOpenCL % :

1.8 {Ehttp: //www.lfd.uci.edu/~~gohlke/pythonlibs/ # pyopencl, F ¥.;pyopencl-2015.1-cp27-none-win32.whl T % 3 {4
(AR AR, GRFERE) -



2]\ http: //registrationcenter.intel.com/irc_nas/5198/opencl_runtime_15.1_x86_setup.msi | ;7% $£Win32#JOpenCLIKX
sy (Intelf&fft) o

3.&JE, MNaTLIRAFRIALL N i<, Z3pyOpenCL:

pip install pyopencl-2015.1-cp27-none-win32.whl

HAARSCHL

TEH—DRpIF, BATHRIER T EF 2 PyOpenCLIME

B, NHEZE H— DR, M i OpenCL I AT IR 15 Y E ZLAE A HFAE:

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():
print (' Vo =t W Bl
print (" Device - Name: '
+ device.name)
print (' Device - Type: '
+ cl.device type.te string(deviece.type)})
print (' Device - Max Clock Speed: ({0} Mhz'
.format (device.max clock frequency))
print (* Device - Compute Units: {0}

+ platform.name)

.format (device.max compute units))

print (" Device - Local Memory: {0:.0f} KB'
.format (device.local mem size/1024.0))

print (' Device - Constant Memory: {0:.0f} KB'
.format (device.max constant buffer size/1024.0))

print (' Device - Global Memory: {0:.0f} GB'
.format (device.global mem size/1073741824.0))

print (' Device - Max Buffer/Image Size: {0:.0f} MB'
.format (device.max mem alloc size/1048576.0))

print (' Device - Max Work Group Size: {0:.0f}'
.format (device.max work group size))

print ('\n"'")
if name == " main ":

print device info()
BEREIAR (5 H R 4 R B R 2ECPURIGPU S RO BRFE, 240 T ATR:



C:\Python CookBook\Chapter 6 - GPU Programming with Python\>python
PyOpenCLDeviceInfo.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
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

SLATIAE A

FHEPRIERE E o FEE 47, A5 Apyopencl Bt :

import pyopencl as cl

SRJ5, f# Aplatform.get_devices () HIEREUL&IIE - #E, 7EFRE LITEHGMEEI0EBRHE:
v GRRAA R

v i KEHE (clock speed)

v BT (compute unit)



v K/ R RS
W g —1~"PyOpenCLL

5f# fPyCUDA #174afE—1F, #9EPyOpenCL N ARIE —DE%miETE ENH (host application) © SEfr f, X4
RIFRAETE Fri GEH AR 3T, AEREEELE (GPULRT) ERIANNA -

T8 3 R A 0L & 5 BR 45 ) o

v OIRE: T8 ARBUT AR AR RO © PyOpenCLA I AT LAfECPU FIGPU &R BT, HATLURAZZ &,
IR AT 9w A2 TFEF1  (Field Programmable Gate Array, fAIFRFPGA) °

v BF: XIRE—HNE o BRI IR R A EHUTRIN o

v NiZ: XEREEE EHATRIRED o AT E&— 1 3RC BEk, 7 LIE X FOpenCLIX B g AL B % & b gwi%
PUT - WIZREE FRAME IS LiaITRY SRR E— 7% o 18 ERANEN, && BREE TR A iaistT - 810 L1
VRIS R NEAREY, (BRI EBIRERARIES D -

v %P5 (command queue) : B IXEIESIZEAREIEWAEL o ar- PG HTHE & & L AZHIHATIR
? o

v EF3 (context) : iXFEIVE—HKE o LT X FHE &N, BHEIR -

NEVIA T X SRS AT RS E R FBEE o R, —MEFILEE SRR S EHUTHIREL, BN
B TR PRI — DK% -

Program
Kernels
S
A() B() Cl() D()
Device O Device 1 Device 2 Device 3
PyOpenCLZRF2

FARSEEL

T, FA TR T —1PyOpenCLIE T RUE ARSI o HRFIFHIESS ZX B & FHATKF (parallel
sum) © N T HAGREIH AT, BIXEWEE100 MU ENHE - MHMEFREITITE, K& vector_afllvector bl &
RN TTRZA ©

LR, N T BHAIIFTHITRIRCR, 7T L vector_dimension$ii AS R T LM ECE R



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 _g[gid] = a g[gid] + b _g[gid];

}

"o build()

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 )



print

print

print

print

print
print

print

print

("Device Selected
("VECTOR LENGTH =

("INPUT VECTOR A")

vector_a

("INPUT VECTOR B")

VBCLOr B
("OUTPUT VECTOR RESULT A + B")

reE np

assert(la.nerm(res np -
A2 SRR R AR HH RS DU T DX

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 = 100
INPUT VECTOR A

[ 029 88 46 68 93 81 3 58 44 95 20 81 69 85 25 89 39 47 29 47 48 20 86
59 99 3 26 68 62 16 13 63 28 77 57 59 45 52 89 16 6 18 95 30 66 19 29
31 18 42 34 70 21 28 0 42 96 23 86 64 88 20 26 96 45 28 53 75 53 39 83
85 99 49 93 23 39 1 89 39 87 62 29 51 66 5 66 48 53 66 8 51 3 29 96
67 38 22 88]

INPUT VECTOR B
[98 43 16 28 63 1 83 18 6 58 47 86
522 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
84 75 146

72 134
66 28
114 183
157 59

LR

55
56
96
86

74 131
75 24
179 73
164 111
167 45

7 92

94 164 21

180

91
176
111
132

64 121
84 158
82 94
70 122
95 103

SRR G, HATE AR E:

$s" %device.name)

$s" %Svector dimension)

(vector a + vector b))) < le-5

64

38
60
120
32

59 29 60 68 19 51 37 46 99 27 4 9%4
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]



vector dimension = 100
vector a = np.random.randint (vector dimension, size= vector dimension)
vector b = np.random.randint (vector dimension, size= vector dimension)

B 7 & & 3873 NumPy X £inp.random.randint (max integer, size of the vector) FEALIEEEAY100FEEL I -
RIG, EEEEITARIBEIRE o ik, WTE 558 HPyOpenCLAYget_platform () #EAIEFEF-&:
platform=cl.get_platforms()[0]

M EER TR, FAERN N TNVIDIACUDAY & « #4E, (FHF&0get_device () JTiEikExE -
device=platform.get_devices()[0]

TERETRAIAIGF, E L _ETICHEAS » PyOpenCLEEHE T B30 (GEFFRYIA) MEAFI GEFRY LTI Tk
context=cl.Context([device])

queue=cl.CommandQueue(context)
j‘;jTEi&%J:ﬁﬁ‘fr%i, B\ BB E NS o FI, AT E N O M A Z X (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)
FIOb, I B A A ] B A R X
res_g=cl.Buffer(context,mf. WRITE_ONLY,vector_a.nbytes)
&5, TEprogramH € SUZIHIARIZL, RIS
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_g[gid] = a_glgid] + b_glgid];
}
W cowa 1di)
WA PR FvectorSum, ZHFIFRE L TMASEINERRT (Bigns) MR Rn (BigmE) -
TENZ B ER A, B [ B Z R E LT FR e
v WAL =S int gid=get_global_id (0)
v [ EAHEHEDN: res_glgid]=a_g[gid]+b_g[gid]

TEOpenCLAPyOpenCLH, RIMIXAKM T LN, HAEEEF LFERZRPXENASERRALEY - &5, il
TR & LU TvectorSum:

program.vectorSum(queue,vector_a.shape,None,a_g,b_g,res_g)
NT A EELSR, WE—DZEME:
res_np=np.empty_like(vector_a)

W, FEREFEX N EET
cl.enqueue_copy(queue,res_np,res_g)

BJa, TTENZER:



print ("VECTOR LENGTH = %s" %$vector dimension)
print ("INPUT VECTOR A"™)

print vector a

print ("INPUT VECTOR B")

Print veeteor b

print ("QUIPUT VECTOR RESULT A + B"“)

BELTE RS TAp

Fol 1 Fassertif APRIGELER o RN RETIEM, WRFMHENR, K5I LR

assert(la.norm(res_np-(vector_a+vector_b))) < le-5

% FHPyOpenCL* & TT & 32 1A 2K E

5PyCUDAZ AL, PyOpenCL7Epyopencl.elementwiseZk &ML T 7EHIKITH (single computational pass) H13K&E 4%
IAFUERTEE o SCINZIIRERD 712 A2 -
ElementwiseKernel (context, argument, operation, name,",",","
optional parameters)
v context: FRHVEHUTZ TTEBRIFAIIXEEOILEA ©
v argument: X2 HITEFIFSEEBNECSETEE -
v operation: JXiE—NFERFER, AFRREHSEG | RUATHIIRIE -
Vv name: FEAYZE 5 ElementwiseKernel#H R EEANANAZ AR o
v optional_parameters: XEESET AL L HAEE o
HARSIH
TEAGIF, B TFROR TERCR I B m BAEINAESS, MESEE1001ITE - SR, HEAEIAREIFA—
R, BT BT ZElementwiseKernel K, 41T fi7R:



import pyopencl as cl
import pyopencl.array as cl array
import numpy as np

context = gl.create some contexti()
gueue = 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 (
eentext, Mipt ¥ @, dnt * b, int ¥ @", "e[dil=aldi] 4+ B[1]Y, "sumM)
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 vecter b

print ("OUTPUT VECTOR RESULT A + B")

print result vector

AR R AR -

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



VECTOR LENGTH = 100
INPUT VECTOR A

[70 95 47 53 71 52 15 10 95 5 76 40 55 87 7 18 44 72 2 42
64 79 44 94 5 54 92 21 60 67 43 92 38 49 97 14 17 35 87 94

50 43 39 71 84 7 64 60 29 74 65 82 42 35 96 80 94 57 21 56
30 64 44 34 79 588809888 5 277 57 7 93 49 42 56 19

27 18 1 40]
INPUT VECTOR B
[82 32 72 9 29 29 92 2
29 38 56 49 97 18 44 84
20 91 20 61 92 46 34 98
92 91 84 59 35 61 42 12
46 82 12 66]
OUTPUT VECTOR RESULT A +
[152 127 119 62 100 81
21 120 107 116 79 156
105 92 114 72 98 87
98 158 50 156 117 116
122 155 128 93 114 66
64 100 143 41 77 37

LG

20 44 31 91
27 73 73 14
21 82 52 34
69 15 98 85

B

107 12
93 117
176 178
123 80
130 92
73 100

115
100
83
131
167
13

AR E—1T, FANTFAT A LTIEIR

import pyopencl as cl
import pyopencl.array as cl_array

import numpy as np

63 97 86 37
67 43 17 58
81 45 35 28
12 36 64 89

49 107 131
143 102 72
113 145 104
108 117 116
103 103 87
106]

39 41 19 78
81 52 89 84
23 59 21 89
76 29 8 81

118 184 93
136 105 87
70 134 59
42 145 141
89 93 71

i Fcl.create_some_context () J7VERIIAM LTI o sXRFLL A PR B B SCHUTIT R

Choose platform:

[0] <pyopencl.Platform ~ NVIDIA CUDA" at 0x2cc6c40 >
[1] <pyopencl.Platform ~ Intel(R) OpenCL "~ at 0x3cf440>
RIa, SEBHEEAT, T ElementwiseKernel:

queue=cl.CommandQueue(context)

BE, QIR ) BANGE R [ B A SE:

vector dimension = 100
vector a =

queue,

queue,

¢l array.to device
np.random.randint
veetor b = €1 atrray.to device

(
(
(
(

result_vector=cl_array.empty_like(vector_a)

% \ 1] B vector_afllvector b} 84 &, EE M8 3 NumPyfJrandom.radint BN RS BB LE - FeEFH T
[1)PyOpenCL 7 A5 i A [r] 8 & Hl 2115 & -

cl.array_to_device(queue,array)
/5, B ElementwiseKernelX} 4

elementwiseSum=cl.elementwise.ElementwiseKernel(context, —int*a,int*b,int*c ~,

FEIXATHES -

“clil=alil+b[i] ",

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 83 113
140 116 106
132 176 53

83 52 137
182 125 71

vector dimension, size=vector dimension))

np.random.randint (vector dimension, slze=vector dimension))

“sum )



v TEZEE O ESHE—IFRES, B hcSEIx BB -
v H— P CREBBHITHNE, BRR a8 -

v EEAR R TN o

BTk, Al B E LAY 2SO H elementwiseSum BN L
elementwiseSum(vector_a,vector_b,result_vector)

AR Ja 2T ENH A 5] & DLSGRIF S5 R -

print vector_a

print vector_b

print result_vector
{# FIPyOpenCLI GPU N F

FEARZEF, FATRAT CPUMGPUZ [AIfIIEREZE 7 o TEFF AR BEIEERE 2 BT, EiEEHITIKIHIT & - F
S, ARG EARE ST ER ], BETHEESEENHEE -

A 1E a0 S HLAS AT -

¥ GPU:GeForce GT 240

v CPU:Intel Core2 Duo 2.33 GHz

v RAM:DDR2 4 GB

BARSCH]

TEARMG A BT e — N T BB S AT ], R SRF AN R, TEW RIS N T
AT, FEP AR B A SCERAE R 4R A -

F—PHREAEACPU, EMI#EHPyOpenCLARE , FHAMAHGPUBITITE o Ml B H AN SRR H10
000 ™M TCEAIF R ©

MHAACRE AT



from time import time # SANNFIH

import pyopencl as cl

import numpy as np

import PyOpeClDeviceInfo as device info
import numpy.linalg as la

B N s
a = np.random.rand(10000) .astype (np.float32)
b = np.random.rand(10000) .astype (np.float32)

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):
¢ cpul[i] = a1] + b[1]
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):
# & PyOpenCL LR
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)

ARSI

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=Db)
c_buffer = cl.Buffer)

(context,

cl.mem flags.WRITE ONLY, b.nbytes)
program = cl.Program(context, """
__kernel void sum(_global const float *a,



__global const float *b,
__global float *c)

int 1 = get global 1d(0);
int 3
for{(j = 0; j < 10000; q++)
{
efi] = aldi] +B[1];
}
JEER Y i ld {)

# JF4f cpu it
gpu start time = time()
event = program.sum(queue, a.shape, None,

a buffer, b buffer, ¢ 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)
cdl .enquele read buffer (quewe, ¢ buffer, ¢ gpu).wait ()
gpu_end time = time ()
print ("GPU Time: {0} s".format (gpu end time - gpu start time))
return ¢ gpu

¥ JTUAIR
if nhame =— " @&in Y
#OATHIW RS R
deviece infe.print devide info()
# 1F cpu i AR
¢pu result = test cpu vecter sumi(a, b)
# 1f cpu i AR
gpu_result = test gpu vector sum(a, b)
#

desert (la.form{gpl result — gpu ¥esult)) < le-b
MhA B E AT R, HARTE T TR PR & E 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

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

BARMHAT BT I ALK, (L2 HEH BHEAGPURE RRYITEE S -



SAFIAE A
i Eprit, WS PES, BIFECPU LB TR FI{EGPU LB 1T AU AAD o s2 T RA RS, FF LLEHA TS [E] -
SFFECPU_LZITHIMNE, SEEL T — 1 test_cpu_vector_sumBREL, FHXT10 000 7] & 70 2 A B IMEEAE AL
cpu start time = time()
tor &4 dfl Sangedl0Q0d) ;
for j in range(10000):
¢ epul[i] = &afa] + B[1]
cpu_end_time=time()
X A E AR SR AR ER AT 10121k, STHFEE R E R -
CPU/RIBATHT [PRE A2 LN B ANt [R] 22 22
CPU Time=cpu_end_time-cpu_start_time
N T M GPURRAR BB AT [A], Fed/ 1% PyOpenCLSEIR T — 1> A A H FILE
v HRE A B TR ST RE S e
v EHATIAS
v R & EAIER THATITENANFEREL (Z3REMIX, 5517E X Ha_buffer ~ b_buf-fer ~ ¢_buffer) °
v HEAN
v HATAZR A
gpu_start time = time ()
event = program.sum(queue, a.shape, None,
a buffer, b buffer, c buffer)

cl.enqueue read buffer (queue, ¢ buffer, c gpu).wait()
gpu_end time = time ()

iX B, GPU Time=gpu_end_time-gpu_start_time °
Ba, BNFEERFFVEAMNREE, LUR I ETE X Hprint_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

FE A Tassert BRI AELS R, FISIES R 2 M IER, WRFMANENG LR -
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