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CHAPTER 1

F—F INRHITIHEFPython

1.1 44

RERFN AT R R R o X TR T RERR R RN, XEHEEFEH
REE; S TERFEERF AN, AEFLENEMSE . KEPHA T IHTRENMMEE,
—IRRCEET RN, B MERE TR ROIF. FHITRENREF AR BTk . A=
WIRHATRE P BB T IARI R, SR TOXMREE T 1% - ANERJGE HN 4 T PythonJwiEE = - Pythonf
SAME Y AT REMEEREULNMA, ey T — M2t TE, S8, BRI TR TmnE
ODRLF o B 45 & fEPython IR T AR FNHEAR - IR — D RIBIE A — M7 i, K E IR s T/
M~ MSZEIRIRR, SRS AR EA] . HATHRRFBRMERXMITE, AE BN TIE, REEME—
MMES - B DAABSEME CHER S TE (WILRERY) o TR RS R AL FRES 2 (8] W] RERR 2 A0 it
Bg o R, BOMRRH RO R T R AE S - IREITTEREE MR 5 A TR A0 B al
I LRIROOE . SR el Bt SR 2B INEN, ARG S LRI RER 2R, E 0] REBIRAF IR
WA - RE O ROEBRE AT MR, BOVREIRBTEFRIAGA, B—MO5ELmE LR, M
HIrERENRE AR -

T IRGGXAN R, T EALEE ¢ BER A AR R R 2O RIZRM, LR AR — A B D EE 2 A
fr (0) - GPURIE MR # 50 7 iXMET L MBSO . FXE, SRETEIULTFA
REMEN . TR ETTAERY, 8- TRETHEEZ MEEZD -

Pl SEATPRETEDFATTEREMRERERERL, FlUHTITENRER - BRMTRESE.

1.2 FATIT RN RN

IRAEHE 2 BRI BT FIEER A RIS HUT, AT RALRGERT LG Al AR U 2K
o BAMPHES, HEUE (SISD)
o HAMEZS, ZEUE (SIMD)
o ZALFHER, HEURE (MISD)
o ZALHER, ZEUE (MIMD)




XA FETTIE ML B 5

SISD SIMD

Single Instruction Single Instruction
Single Data Multiple Data

MISD _ .
. . Multiple Instructions
Multiple Instructions Multiple Data
Single Data

1.2.1 SISD

BN RS AR L2 < LCPURINLES”, BEH—IEdRIR LHUTIE 4 - 7ESISDH, 8 BT HE AT -
Wof T —eCPURT I, CPURZ IR T MR 34T -

» Fetch: CPU \—FINER P (FF8) REEIRFITES

* Decode: CPUX 5 21T fFHS

* Execute: IZHUTERUE FHUT, HERRELES 1 HFHFaT
Y ExecutefMESEM Z 5, CPURIEISBE &S HAT T — AT EEER -

Control Instruction > | Processor | < Data Memory

The SISD architecture schema

BATE X LT EN LR EEEIFRATHR GESR) |, NEEEMHT . 5 — 1 CPUMTE 4 R G5t
ESISDHIIF -

XFPEN (B ERERR) MEZETRELUT:
« FLAFFEIT: FREES ARG
« CPU: FIT MW BITIRIGIE AR, MBI HIRFHTEN
« VORYGE: TP o A i



RGBT BN R Z M AISISD RS - B F iR T CPUFEFetch - Decode ~ Execute )25 5% H 43 5| FH 2|

TR BT
CPU's components in the fetch-decode-execute phase
1.2.2 MISD

XA, Ao NMEEgs, BV HORESRIRIT, HER-IDAFRITT. £ PCPURMEIF, MW
N R HIEUE 2 BT AL B SR RN A0 3, & — MBS I8 8 RIS B TT AR MR L A0 B - FEX A
BT, HATEF ERIESREIIIGT, 2 NELSEMFREE LERIE . §E05-& TR FX oA i a] i
;_%J;Eiﬁ?%?ﬂi, Ik N . Rt MISDAEBISSHABEREZ AR, EZHRIEN— M SR
AL -



Data Processor 1 Instruction 1 Control 1

Memory Data Processor 2 Instruction 2 Control 2

Data Processor N Instruction N Control N

&EE

The MISD architecture scheme

1.2.3 SIMD

SIMDITENEFE L MRS, B—MEVE B ORREENG, oL RAEEIE - I M2 AT 7
B—{RAW T TIE;, BAu, m2EnMUER, S8 0ES0E—1 - AR FERGHEEG—T,
FEANF AR EHUTHRIFES - XE—DEIEHITH6 T - SIMDIER LLMISDZEM L E - 1RZ A
AR AT LA SIMD T BRI ZRAG SR MR o X MR 7 — M E B, XM BRI, 5
Brfnse sl o PREZE, SE R LIRS MRURE /N (/a2 (B ZEMSL, AT RS 43 58 5 I 4% A4 [R] 7Y
FEAHAT) MIRE A A AR X AR R« AR 2 T L 2 (50 F X 2R A0 15 T R B - 1l 2Connection
Machine (1985%E ] Thinking Machine)fIMPP (NASA-1983) F 1755752 GPU Pythondn F2 H & B fim &) &
%Eﬁfmﬁ@%mﬁ%& (GPU) , XFPbFEBS RN E T IRZ NSIMDAN B TT | (X P2 7E 4 R B FH 3E 5
2.

1.2.4 MIMD

RN RP, ZFITEYRERTZEM - BREEAN— DK IFRE AN, oM EL
i, o MEEER - B MBS B SR H B ITRRERAN A, LEMIMDZRAY L SIMDZRAS (1T S HE )
5 o B DA SRS SL 0P BT 0 BLRIFE S N AR, i, AR ESE LIEEAFREIRE LB T A
WORERY, XA AT DU R 5 22 AN [R] B (] R 28 5 B — KRRl . AEMIMIDH 2% i i £ AR B/t A2 2 T
HIFFATRCIR), XM EWE GHSS — B 7P TIER - XFPRB AT A8 5 R AR RAR L5 F S — 45
iy TEIEFHSIMDA R A - 404, REITEALERSE TiX PRI, Gl 8L, RIS
o R, B PREAEAERE: RAPNEEREFEERT . oK.



Control 1 Instruction :I> Processor 1 <Data Shared
Memory
Control 2 Instruction 2 Processor 2 Data
Interconnection

Control N Instruction> Processor N <Data Network

The MIMD architecture scheme

1.3 NFEH

NFEBEEFITRMFEZ RS —HH, WYPEREEEETT . TR BT R, WRNHR
B MEGEREERA L, REMREHNASEERTT . BIZY N RS 438 F555 B 5% 51 fne R (] ) 3= 22
W Z RN B . BTl BUR SR E 25 5 LBl 5 R4 BT A (] B O /ST [A] .« b2 3 1Y) JE 393
WA R RZ - AT AEIREIN BN FRBEEER, NAAKIAE— AT, HiiE
ks (VOFEHIZ:, WS FMARELEHANTE, BIIAFLASERT E— D iERIE L -

[ I

Shared Memory
| |
I I [ l [ |
Cluster of
El = EN KN Y

The memaory organization in MIMD architecture

Distributed Memory

9T PR MIMD ZEF55 [ N AR (R, L FHR T AN B ARG . R AN BT G p S =
TR, RENFRGUAREREMAFZRE, TEA DN EEE A R FITE < 7H FF K5 R
PR A5 —MRBEDAXNNFRE, EXMNFRYT, G§IEHESEEE BECTBONG, RO
ERANGEVT M) - SN AR A A A7 10 XA AR B 25 1) A BE AR R N AF MR U N F R RO - B4R
FHINAFED 2 o0 N BEARSL T [ AN [RIER 53 o SR ZENAE RGTAN A 2N A7 R G B AL B 3 T B N A7 D (W] B 7
HMW AR - load RO, 1 FELBWER 1 NFRITTHRIANBINENE RO F s, EHNFEETXAR, 4
BRI KM ARME - ERZAFKRET, 1 RROENFR2RMIE, M REFHIPTELES
HRULHRTE ] [F] — RN FE 2 8] o AR DA BREAE RIS BT RN P IITE S, BN RO FFFaF B AR
WA - EAMANFERAF, 1 ZFEHIE . RN HEER R HUT R RO BMANEIIER, PUTARZ
Ja, AR RO FAETREBRBILNREA—FER, FOvENMEEE RE N B IT P ) 1 (ORI 2
Rt AN —F o P TR RN, LAERRX 9 HZNEMS NG, HAEHFTRETHESEN
FEET FORREA SRR DA T . W TFHENFERGORN, REAFREBENT RS



P AT IEAR (AE S 51 B 5 PR EURSEH - TN T msUNE RGOk, UAES R A F R
SRAERRIAR . — D EEER 2 [ H AL AR KOX &R SRR R SO IR BRELA - XS A A
FEEE RS WAk, Iete, WRELZERHEERK, ZiAdREEF TN AR A .

1.3.1 £ERF

NERER T AZNF DS RGN, X B RS T A F R BRI R . SRS VT
BHEMRELZE—NEE . SEDERVIOIT IO, — DB BT 25 28 =
WAEHATIE - ] LIRS b3 25 #H & H i)Cache, Cache ™ (R 17E J& 6 N7 A AT RERR A0 BR 28 (6 F 1O 8
LEEE . TR, S MNEESEE T N RIEEE, RIS — > Ab P E IE AR B X R
i, st IR . S AE S N EEHICache BRI R ZNFH, i, BiE 2 %3R3 HAL B 2%
iCache ', HEALHRERWA AT LUEH IBEAETITE o X2 AT BRI Cache— S (A, & A F—EL
PERIRRE—FRRFIRIE UL, BERROOX R ZLAE (R RE 1R 2 IR G AE — FE SC AL B3 2 (RIR AR 2545 -

cache cache cache cache

il I | L
| |

Main Memory /O System

The shared memory architecture schema

HENFEREEZRENT:
o NFEXNTTFTE A E SR e — R, Flan, Pra b ER2s Bt B O AR R R G5 A0 #0746 T A0 [R] (102 B
HE, ot R v AT LANAE [E] BN A7 B T R RIS R B R 4514 -
o JE A AL RS X S A RO RIAUBR AT LU B R PRSI - Khr b, Bk B — SR EE
XS N AE BEIR A5 1 AL PR o
o B—MMESIEEVIREZNFRIN G, EEEESE AL N RTINS -
o FEEANFRDE, BRI E AT (B RS N B TR R A SE (BURT N AZ AU (R )
SN RS R RN R
o ¥JEJNFFT1F] (Uniform memory access (UMA) ): iX 2R RETHIEE AL R To I T B &R U DT RE R
HINAF XS B AR R AT - B, X RGH R FRECEZ A BEES (symmetric multiprocessor (SMP)) 3
5i. XERGSLIEARMASE R, HE2AY BHERE, BFAaFEEdmAEYrEH - F58 - B
EHREHEED, HAMERTFHEHE TR
o AE5INFE TR (Non-uniform memory access (NUMA)): X S ZEAE 3 A A7 93 v 3 17 1] X 35 R 8 1 7]
X3 o mdE v n] R A BLAA A SR I X s, S TEUR SR A X - X R ARG IR N A
EUH—::,EZV\]T? A4 (Distributed Shared Memory Systems (DSM)) , iXE ZG R RIERL, (HFF & MR

&) o

o LI FE N F iR (No remote memory access (NORMA)): X T4 BRSNS UL N F AW | 2 oA N7
B B AR HEEVI R R AE NG - A0S 2 BHEETE AR S I SGH T E I -



+ {{Cache] ¥}j [A] (Cache only memory access (COMA)): XK ZGiH (UH CacheN1F - 31T NUMA ZE#4
B, FEEBMEXIRRFSIEEORNE A RFECache H SN FEZS M, HEEEHFHHAREEE
B rEdE - COMA ZEMn IR FRER M F LR, 1 S LR Cache N A7 o KT 20338 K Ui N 77 7E M 28
LFRAAFEER . BT HEEH R H B AE N - A BB E B A S uGH T -

1.3.2 AN F
EHEAHRNENRG R, & B EEEL HNNTE, RGNS D EAEET A NG -

HLZFHXRAGIR N SHEIAR, XA FRETRBR T HBOXRAZHTTRESIMILIEN—1
ERNEFMGHEEENME RS, T EPR:

Processor + Processor + Processor + Processor +
cache cache cache cache
mem | /O MEem

mem | /O mem | YO

IO
[ Interconnection Network ]
IO

mem | /O mem | [JO mem | /O mem
Processor + Processor 4 Processor + Processor +
cache cache cache cache

The distributed memaory architecture scheme

XMNFEEAXE LN - FB—, SEMITRPA R HE A 2 ZE MR - AR DI
BRI TR M A M BN FRF R, £, WHEREAERERHLEBENRSE, R5H
AU R IR T A B R R %7 B8, 5=, JXH Cache—EXMERIAMREE - FA0HEE AFELHE T A
CHEHR M IO LA BIR R A B8« (B KRS G E, RAESSEIIAC B A 27 AR - G R — 1403
o 2 AN A B AR HORE X P D AL ER T E0E T B AR T BORSCHE B - X TIE IS T EUE
Bk, BRREAMA, B, N—POBE 0@ MAAE BE A — AL HER TR 2R A, HR, (Eargs
TR I TR, Ab3ER § HABSLERERA0TH B, - T M AR NN A P& O RE P 5% SR R E A B ML AE S5
KA, EFZ AT BT -




Memory Memory

Basic messagde passing

AN RS ET -
o WHFBEHFE D AENFRLERE 2, FERN A R RER R AL BEES T ] «
o [FIPESNEE AR EES 2 SR RE (P LURTH A S ) SRSEE,  [RIELE A S I =0t —F¢ -
o REPATE IR 7 SCR ML & RO TE RE——R L ZOR IR AT 2 50 1 B ML CPU [RIRE IR - 5351,
DRSS ) 0 PICHR A AR AL B 20 70T 5 A PR 93 5T ) A B 2 R CHE 3
« HEFREHT CPU AIEE X AR BN - HERERMOMRETT, it REFHIES, Arld
AbIR AR 2 (A BES VEERA LR T B

KA 174 F (Massively parallel processing (MPP))

MPP M8 H L H b B (FE— LA 8 R BT B 74 sE i B iR M 4B M Al - R _E E R AT EALL
AR T X NN SR X FIZER AT BN RS0 :Earth Simulator, Blue Gene, ASCI White, ASCI Red,
ASCI Purple PL}% Red Storm %5 -

TEuhSER

TR ERRERR SR BB BN M2 EEGER - EERIENT, — T a2 ERTFH— TR
BIL. WTHPRE, BRETE2EWN, R MRS, EREEE LU 05 M — 117 m
BEIH -

TEIXE, &8 L =FEERE:
o WUEDIHLEERE (The fail-over cluster) : FEXREREH, SFpEGMTT S ANGEPIRE, 25— 5 H
B, Aib—ailase D DB HEET SR TAE - X AR T X R T R AT DAGRIE R G A mT M
o MEIEERE (The load balancing cluster) : TEXERRGIH, 2R —MEAE R & %45 A /DEIT A
EHUT o SXFEAT DAV DR A R BT RE B AR ] -

o FERETHE SR (The high-performance cluster) :(EIX R RS H, BT S # AT ISR AR = BOPERE, — 1>
ESRIBERNE TN FESLAEEN T AL . AESEFITIR, JEECA RIS T 0 -

FAIR

E [R] A8 B T BAIL A R FGPUSN B 23 222 1 Z B8 T AL 5 F AL - B FEGPURE RS IR 1 s IR RE 1T
., EEAGECEE- ML AT, FNGPULIECPURIEL & T A REIRFI S TAE . Hit, 5
T BRI PO AR E B, B SECPUMsE 2 MO U EAIERIESS, Rt REEUMEE /AT
WIESS 2 Bo2a B I R H0AT - CPURIGPUZ (A AN AT LUd i i i S 2 I, AT DUl 3t 2 — SR UL A
RN BT - B E, EXRE & FGPURICPUBNA A ML N F X3, — M2 i & R R TR AE



ZR(UACUDA, OpenCL)$eBtHZEAIRIENTE « IXRIEMMIR Z 28y, X MO, N FIRE 7 AT AR
B ks A AR EER A, R RES RS SE T - B R T EERE, 2 MESFTUR
SRS F] — D N AE IR S AR — B (A . BTLL, RYECPUMIGPUR R ARER RS LIE, (Hil
T AL T UL E NN Z RS B AR B H AT R P HOTE RE -

GPU
Multprocessor 1 Multiprocessor 2
Multiprocessor 3 Multiprocessor 4
CPU ® P
® @
Core 1 | | Cora 2 ® ®
Core 3| | Core 4 Multiprocaessor N-1 Mulliprocessor N

The hetzrogensous architecture schemea

1.4 Firomietisy

FATIIE R ALV E S AN R T R A AER - B L, XERAERFER), THMLESAER
RN R TESR - M TAEES L REEEM SRR RONLES LSS - M TR RIZ2RF9 40 7, X LA iRl
SEEREE LEY, ATRREERTHTIT RN LAER TR . BT HRNEMBES, 8
MR LT B R TS PR R E R

2 U R B B R R, R A RCR A AR KRR B L HGR T 5K Frmd (el (S e i AT
GRTEIALS -

e
. U
o ST/ BT
BRI T
PRI, SRR (O . 7 F— A TMERIO R X SRR, I £/ 4iPythonth S5
SO SR

1.4.1 FLZEHNFER

X DMRER T A ES I E - PNEZ R, SEREFRORER RPH . KGR —SUH, 8
MESE, RLEFREREZAFOHRPER . FRX MRERBEATGGE, BFAAFEEELESZ
(R E TRA A TT o (BRIl ) — D B BB U2, T AR AN TR SRR DX Sol 0 75 B o IR X R 53R PR AP AR AL B 2 A 3
AATLATT NI R, G e R LA B 2 b 3 25 P A R B0 i & AR ) S e &



1.4.2 L5

X MR, BASREE A IR 2 D HUT IR, i, B3 T - MRFRITES Z e, K — RS
LIFATHITHESS - @HFE BT, IRERSNHAERZENGFERET . BT 2RI ILE N T#H#
B, RO TSR R R PR R E R, (E R R (2 R R B R A 77 5T - I
HEICPURT AFER I ANRE 14 _ESEIN 2 442 - POSIX ARl & S A0 AE BN 1 2 1T B SEINZ AR B T« Intel
HIRELHE (Hyper-threading) BORMIAERE /2 1 LN 2 488, BAREOREEL S — M RBEAEE LHE
FFVORAS I UL 57 Sh— AR K IRRY « AL MRTLRD (2 JE LM ORI 57 R SR IR ATk -

1.4.3 THEfFHBRA

HERBEIEEESMRXNGFERS (B MOESSSEMILMNESE) FRH - EERES T UER
E—aHE G YEILAE L - 57 EWE TR B A EIE A . LI MR FE AR
AR ERE . TEBEEI T REHEEE BB, HERASSHN LB R0t 2280F A, HE
F0FAHHI A PR BRI —SZ3R T 44 HMPI (the Message Passing Interface, V8 B & #6310 F 2 5245
- MPI B R R[N MR RTH), (BEN— D HITRERE, W IR E NS LB &
-

Machine A Machine B
task O task 1
data e data

e
send() send()
task 2 NETWORK task 3
data A data
T
receive() receive()

The message passing paradigm model

1.4.4 BIEFFATHER

XM, §2MESHFERER MRS, B8 MESBENZBIENARTS . £HEN
TR, BT ESSARE I 3 = A AT REE, a5 A 20 N 7 20 o U 2R 8 o0 1 9F BIRTF 2B ME
SHIRTENAF « Oy TRILXMER, FEFF B 0E € XU 1 2 B 5 20N 57 7 3. SREIGPUAERUE
KEFFRIE L R B AT RCR AR F & -



array A

{ i {

doi=1,25 do i=26,50 do i=51,100
Ali)=Bl(i)*delta Ali)=B(i)*delta Ali)=B(i)*delta
end do end do end do

Task 1 Task 2 Task 3

The data parallel paradigm model

1.5 Wit — P H TR

FATEIERSOT RET — RIRIER, EGRREAIT AR AT X SR ER HER I 52 A AR AN 2 7= A2
SEERBERREGE R - TR AREERIEAT

o {£:5547f# (Task decomposition)
* fEZ5 5 BL (Task assignment)
+ ¥4 (Agglomeration)

o BT (Mapping)

1.5.1 E50 @

F B, BRI BN LIEAR LS T MES B — RITES IS THERT
PN TT R SRR T 47 -

« #ILHE % (Domain decomposition): {EFIX i J51%, TR HIEHE S0 iE; A& AR
—PEFAEAFRFESE - XD EBAETR AR ERIERIHIL N -

* #INHESTfi# (Functional decomposition): ERIX N fif T2 R R RN L MESS, B MES 2N AT
I OEAREAT AR B -

1.5.2 £&5 0L

FEXDNPET, HTEFRHES D IRAAFOHEIBEOVLHEREN . XPMBRAFFEZE, RNhEIMEs
6] &AL B ES 2 A BC TAFE - MBI NI B, Fra B as B RO ORFF TARIRA, B0 [A]
Mz - O T SEHILXNROR, B ALAE BRI ARHI RN, RHAG S Zl R ES D BCA R &
BB B, N TIEHITEFEERIER, LARERDAE G2 FFNER, FHoA g2 [
T HOE AR 2R 18 AN BRI FE AR -



1.5.3 B4

Ra, RN T RIMERR MES G H B ESF IR - RSHT RE R BT B B 4 20 i (R RS 2 Y
ESEEANEIT S T2 AR, B AN AR R 30T T B R E/IMES (NGPURIZEM Ik
WE S E TEE ELES), RAInBESEUTBERRRTE. —RELT, XERNESFSHER
SLPRE WAL B AR B A REEATIE I - KRB W ATEFEAN U EIEIR (& R 2R o, LEREETE
?%E%ﬁ?ﬁmﬁiﬂTﬁﬁmﬁﬂ%W%%%%E%t¢,H%ﬁﬁﬂ%%ﬁ%iﬁﬁ,ﬂu%ﬁﬁ
BT R AR -

1.5.4 Wgt

FEHTREZOTHIBRSIN B, 218EES MDA FERAH - X B B R 5D SRR EATRS (] - £E5X
BERELEF I, By TR E SRR

» BB (£S5 R A — LB T LM A
» FTLFFITHTIOESS RS MO T AT LU (T

X T RBR [R5 — P NPIE 2 (A ——— B 0L T N BE 75 2 0TI 8] A AR R A (R 5 R/
SEMLE MR 5 € S, BAHMRE S (X B a] DARAT 2R & P TRR & FF BN 2 A R AL PR 28 1 4E
55) o (B R UNRAESS HE U LI 8038 & MES I TAEREA 1, 30T — D Esi BRI 5 284
MR EME - BT EEXEN A, AEHREIA XTI R R 3RS IR SRS « S (] U AE R
Egg%@ﬁ%gﬂE%ﬁiﬂﬁﬁﬁ@oﬁﬁﬁ%ﬁ@,ﬂ%@%&%ﬁﬁﬁ*%%ﬁﬁﬁ%ﬁ%ﬁﬁ
METEYE .

1.5.5 BhABLE

T & R RER, W T AR RRREEE AN E R RS E R . 2REEARENERER TR 2/
FIAIR, IXFEEH SIINRZ I - REEE AR EKREIEARRE PR REE R, M2 REIXER
EOIRZ T, (B ER MR HIGE N RE - AW, AR RSERIE, TENITHE LR
REGDDTI A« ARSRAESSBR T AT IAMEE R IL-F AT E EESETEIN, I LUERESAERE X
1 AR S L2 SRR AL PR - RS MERIET, S —MES I, ES5PaS TR IVTIE
%5, TARETT (— MR EES) 2 MBS AT -

ETARSERX MRA AR = MBI -

1.5.6 HH I/ T/EH T (Manager/worker)

X — RSB 2R, FEIX IR TR IE B e — P RE T - B BT AMEL IR
5% TAERTTHWERZ R R - XD HIRAE L BES B E MR B NG L N R ILEAT -

1.5.7 4 EREH B0/ T/EH G (Hierarchical manager/worker)

PORIE o i B A0 R R E BT TAE AT AR, TAERTT ANy, B HAAREHAT. 4T
TEE ST NHE B BITIRBUESS Y, B BT 2 f1H R H Tl N (SE HE B BT (i EREW) « @i
FERIRBUESS 7] LU T X D EE RIS P RE, Xt S 20 @ AT BB AT - aXRER Al LIS ME B8
JLZ IR e HE i, WRETE LIS ITaEl M E — ME B A ITIE RESS, XSRS A 5t T LU A K & b 3
g



1.5.8 X£HML (Decentralize)

FEIXDNIR T, BrA R HRRGE £ O - B ACBIEREAETE B TRV ES T H BB E A PR E T
ERES . WEEERES M OEFAABEIERAESS, M ZUE TR oA (R E -

1.6 WP HATRE P RO RE

FATIRIE R A R T MR REFEVR AN AT IR A AR AR R, WA TR RE A BERA R 1% B 1 U7 R IR
$E o KPR L, FATIT R R E SRR B A (3] A R R B RORR R - O T REIAELX N B, HRE
ERMNZG: FHOEERR, PR AT HFATREAR AW EEES . Oy TINES R hE e, 5/
TEA T, R R AT EIRAEIR BT AT RO L o @ S AT AT RE S RE RS M/ B (5 F AL 2
BRI E IR RE -

T AT, FEXENRILMERETER: IR, SRR -

P 44 /R %€ B (Ahmdal’s law) 5| A T FATIFERIRIR , SR BT EIEFFITIRCE . HEE R R e/
(Gustafson’s law) HLf T FELLA AR

1.6.1 fne L

N3 A T8 & 06 R A7 7 SRR (R RB A ML 2 - (BRAST 36 P B b P B ST AR R 1 [ R B2 AR 8] oy TS ,
T
S=—
Tp S —
fi P R A1 A A0 2R B T AR R (R AT [ TP ;1791234 o TR P

, PIE O, R BT A A PR RCR s T AN R . AR, X AR AR . Ts

o E AT EARIPTI A], 0t AN Y, T Ts NFATEIEA RS ERPATRE, A4 00
2 LA A -
NEHE T LR L

S=p N
. NERTENEE, W AEIEL -

S<p
. RSN L
S=p ‘
. RPN

1.6.2 X

FEFARET, WR—1HITRR P MBI, A4 ERERBRIINE ST P - IR, IXLFR
AFTREIN BN « AbEH BT 2 B AE O B 2R % — L8l A . SRE R TF i e S BT ESSI
BT M HRITERETRPR, E BB AR 2P P g 2t A (8] 7 HLA -



_ 5 __Tk
E__ oIp E=1
B A %MEIE R EIERRCER ;

mwen B aom
wueEnT, B 20T, TEARLSHER.
. E=1 R .

éfﬁ{:l,ﬁﬁifﬂ

éﬂE{g:l,ﬂu@%ﬁﬁgﬁﬁﬁ@%ﬁﬁ#ﬁﬁ%o

1.6.3 fH4EM:

HEEPER TR EH TS SR TRIEE ), AR SSEE R BRI RGeS GITHE) - an5R AR
ﬁg%@%%%ﬁﬁﬁﬁm,ﬁ%K%Th FERFEAMEARBINA A B RSH, AT LURFFHE R RReR
B A R R -

1.6.4 P15/ E# (Ahmdal’s law)

BT S T 5 0 T A BRSS9 17 B+ PG LR A ) o I R 8 865
S_IP 1—p

R it FERRF MR TS . CIEER, Bl MERR90% 0 (R R 7

1, (B USEE 0% (TERD, T/ S5 B e ph FE IR b TR e B Bk DL 0 «

1.6.5 HHTERAZEH (Gustafson’s law)

HHERRERAE R T EAE L S5 H A
o ARG KR, REP B B TR ORI AL -
o SRR RS, B CHESS T ES AR -
S(P)=P—a(P-1
HHERARE IR T ( } { }, p B AR HIECE 'Sih

ok, O RIS R AT HERAY « RN EL, BT R R B BB B T N RV S
BRFATHATH (BIFE L o BRI S FAl R /R 8 A T [E O SRR Y, EROEEFNEER TIEEARS
ENLZSHE (Bt 22 E) ik - s Rk %@%ETW#TW%@&@%?%&@@%WM
VR R - TES T AR AR TOX AL, T M S T AR 7 2R T Ao VR PR ORNT ] B 77 2
REEIEFTTEREMETXRER -

1.7 N43Python

PythonZ2 —MEASHIERANES, NMAYFRZ . TEREE U TR
« W SRR
o FERIRERE B =07 B, BT LU (AN EE 2 - s BRI 5



o FFEMEH TFAMUEEEETR . Python U A TF & 3 B AT BEHLC/CH++IR 1015
o HTExceptionfHEE iR EEHLHI

o SRAHIHEIIRE

o FB RSUREATE KA X

Pythontts AT LL{Ey — MK IEE « 3@ idPython, {EKARGIEE S MREF A AT IR — DI HEHE1E- §
WATF A — BRI RN Y, C/C++REF 51 AT LU 2 SEBL A s FAUE T R RTR, AR AL 22 5K F] LU
i Python I HIIX YA, MAMTER AL RERMEES, C/ICHERF BT EEHEFER 2R
HIZR Y -

PRA] A BB E B L HH R AZ: https://www.python.org/doc/essays/omg-darpa-mcc-position/

1.71 R ITIE

PythonA] DAMGX B R #::  https://www.python.org/downloads/

9% FNotePad 5 TextEdit#t 7] LA 5 Python Uy, (HIZWIR AL M I & IF5E (Integrated Development Environ-
ment, IDE) 3, A& -

HAEl 2% HMZEEF ] NPython% it MIDE, F FEIDEL ( https://docs.python.org/3/library/idle.html
, PyCharm ( https://www.jetbrains.com/pycharm/ ) , Sublime Textd (https://www.sublimetext.com/)

B

1.7.2 Wl f. ..

R T — L A S A — R Python o >>> £F 5 & Pythonfi# a8 R /R T -
o BEHCRT N ERIE:

>>> # This is a comment
>>> width = 20

>>> height = 5%9

>>> width » height

900

SFXRRNTE - WRRAE, FEV— T REBEPythonfiRE 3 HATHT:
[ & Python Shell =18

File Edit Shell Debug Options Windows Help
Python 3.3.0 (v3.3.0:bd8afbS0ebf2, Sep 29 2012, 10:55:48) [M5C v.1600 32 bit (Intel)]
on Wwiniz
Type "copyright™, "credits" or "license ()" for more information.
>»> #Thi= i= a comment

M >»> width = 20
»>»» height = 5=8
»»»> width * height
00

l ey

T RE— T HAB T
o BEFEEE: XEFEP abs(a) = 5, NMIZEET) -


https://www.python.org/doc/essays/omg-darpa-mcc-position/
https://www.python.org/downloads/
https://docs.python.org/3/library/idle.html
https://www.jetbrains.com/pycharm/
https://www.sublimetext.com/

>>> a=1.540.5]j

>>> a.real

1.5

>>> a.imag

0.5

>>> abs (a) # sqrt(a.real++2 + a.imag#*+*2)
1.5811388300841898

FAT ERRLE:

>>> word = 'Help' + '"A' >>> word
'HelpA'

>>> word[4]

lA‘

>>> word[0:2]

lHel

>>> word[-1] # Ha—1"FFF

lAV

FIF% (list) PRAE:

>>> a = ['spam', 'eggs', 100, 1234] >>> a[0]
'spam'

>>> a[3]

1234

>>> a[-2]

100

>>> al[l:-1]

["eggs', 100]

>>> len (a)

4

while f}ﬁf$:

# Fibonacci series:
>>> while b < 10:
print b
a, b = b, atb

QO Ul W N

if 7 EHERNA input () NBEREA B

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

WRIGERABECT R £ ET AT

>>>if x < 0:

print ('the number is negative')
...elif x ==

print ('the number is zero')
...elif x ==




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

. forﬂﬁﬁf::

>>> # Measure some strings:
. a = ['cat', 'window', 'defenestrate'] >>> for x in a:
. print (x, len(x))

cat 3

window 6

defenestrate 12

'%X@ﬁ:

>>> def fib(n): # ERQLIABIFERITIED)
"""Print a Fibonacci series up to n."""
a, b=20, 1
while b < n:
print (b),
C a, b =Db, atb
>>> # Now call the function we just defined:
. £fib(2000)
112358 13 21 34 55 89 144 233 377 610 987 1597

o SRR

>>> import math

>>> math.sin (1)
0.8414709848078965

>>> from math import =
>>> log (1)

0.0
o XK
>>> class Complex:
def _ _init__ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

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

1.8 H 1T F HIPython

VERN—FERIUEIES , PythonfI M B HAEE . (BN HEERESMERFNE, ITLUEFERHESRIES
SLHE, HeancEiC+, SRJE HPython A - PythonF—F IR FH % & SE IS i85 - PythonUAEREZS
ZHCIEE SR, RICPython. MFREESFiPythonfZipl—FIEIES, MifPythonFTiHY, RLTICHRIES,
B —EHEEEAIES . S— BT 1 PythonfEF IR %, EAETEEA AR Python 7 1 A S H# AL 2%
. WREAES AR T FREMAR, HEEFISTEEE . HP—FgRiEg, ACESEI
—LBEE = TTHEE, NG TEPython P o 5 — M7 A2 FH RO G g SR B i Cpython, I 4TPyPy, PyPyXf



L RAPy thon BT IR ML T AL - (ERAEARTH, BATRHHIFE =I5 - Pythonfefit 71RZE 7] LIF
RFATHIEIR, HEERETH, BIRFEENSXEHTREREER

BTk, AERNEMIEA S SRR, DUENTEPython T HIZRIE -

1.9 ST REFEM IR

PR N AR B — DT RG], Han, RS B A B PRR 2 AT — DM B Es - Sefed — )
WA, ATV REN S EARTE BRI ERE R EUT - IR TR R IMFF T — EHL 8RR < - JERER] LI &
ENERE, FrRUFE—PWE:, BIERSUROIE—IRE, I EIiT X MR ELRE . 818
RHSIHIT—RIIRIES CERBLE —PRE) | HF BMHALEFTHIT - R, F— RN %R
A DAt = — Lo s (R ARG - SR PR E R R R, ROV e RS RN, AT Lo
FEMERIRAR RS ITERRE, WERE REAEH—MHRIVEEEEEND - EH R, ~FE
Tithe, Z AR URZREBR, FH itz RAEEEE 5 -

;%éﬁ_‘jr:
o HREFTLEE ZMIHATEBEITINERE -
« GEE, BRERGOIEMEELRELHEFERTECPUN TR . ZBHT Y/ MES, #BHTEEY
ESE—BITNHERF -

o A= T AR FE b S AR B, R A BT -
FERADT Tl AR AN AR BB AT APy thonfER Z |, Bl 15EKF — T Python A & 40 ] {5 FHIX 2 H) -

1.10 FiH7EPython 3 FH 3 2

HERZERIERR T, FIEFE AR EIT . @%, BTN E— DN HERF B E R E S
FP o FEATT A, BT B R A0 AT AEPython H T — D RE - HEREH B Civshb =S /], BRERAE b A5
B R ARE BT R, RAASEHEFEMRNIT, B HERER RIS

1.10.1 MR TIE

FEHE—PEFF, (RTESEMRZEE T Python -
HHTHIPython A A https://www.python.org/ %235 -

1.10.2 Ifalfi. ..
HUTE— AR, Bl TEER T RS S

* called_Process.py

* calling_Process.py
/AT LU FPython IDE(3.3.0) 4wk N T A SC 4
called _Process FLIBUIT:

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



https://www.python.org/

calling_Process MR

## The following modules must be imported
import os
import sys

## this 1s the code to execute

program = "python"

print ("Process calling")

arguments = ["called Process.py"]

## we call the cal .py script

os.execvp (program, (program,) + tuple(arguments))
print ("Good Bye!!")

BATHIFRIJT %2, HPython IDEFTHF calling_Process FEFIRE# FF5.
FEPython shell & & Ff H a0 F -

74 *Python Shell* =)

Eile Edit Shell Debug Options Windows Help

Bython 3.3.0 (v3.3.0:bd28afb90ebf2, Sep 29 2012, 10:55:48) [M5C +.1600 32 bit (In J

tel)] on win3Z

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

. SESSSSSSSssSSsssEsssssssss=====s R ETLRT SEsSSSSssSsSSSSSSSESSSsSEEsEEEEsE

o

Proce=ss calling

Ln:&|Col: 0

L =

RN, REAASREE I T
CA\Users\Utente'\Anaconda\python.exe |£|E‘ﬁ

He 11o Python Parallel Cookhook?? -
Press ENMTER to exit_

L

HATEWDHAEZTT, % T Enterf] DL ARG -



1.10.3 e 4. . .

ERHE PG FH, execvp MEUTE T —MHI#HE, B T HETAVFHE . EEGood Bye  /KiL NFTEHI
Hk. R, ESELRRARBIZEFER called_Process , ¥ SN BVENMAL KA & 1%
TR, RIEHELATEAE I N CHHUT - called_Process’ W/ input () [UNHRETE L H RGH)
AR - RTTRER T ETHBENIFT, RINEFHSNEELETHE (multiprocessingfiH) EFHATIIT
e

1.11 JFIAZEPython 1 F 2 f2

WHEIHETRINIE, ETERENFTERE FTEFIIMETE . AR, Pythonf@ SR IF AT 2
EERBEEN . N T TR ZEEPythonf2 ¥, CPythonffi ] T — 1Mt /R 238! (Global Interpreter
Lock, GIL) BIER o iXEWRE F—Ff B JH — MR DIHUTPythonfUhS; HUTIH— MR —/ NI A Z
J&. Python® HENIHEI T —1M&AE - GILHXE BRMBREREZ 2R, 12 iRt 6 H =5
|, DR RESFEBORERTTH -

FEART R, HAR BRI 7EPy thon B /7 A1) i — AR

1.11.1 2444, ..

TAIF=E helloPythonWithThreads.py KHATE— -

# To use threads you need import Thread using the following code:
from threading import Thread

# Also we use the sleep function to make the thread "sleep"

from time import sleep

# To create a thread in Python you'll want to make your class work as a thread.
# For this, you should subclass your class from the Thread class
class CookBook (Thread) :
def _ init__ (self):
Thread._ _init__ (self)
self.message = "Hello Parallel Python CookBook!!\n"

# this method prints only the message
def print_message (self):
print (self.message)

# The run method prints ten times the message
def run(self):
print ("Thread Starting\n")
x = 0
while (x < 10):
self.print_message ()
sleep(2)
x += 1
print ("Thread Ended\n")

# start the main process
print ("Process Started")

# create an instance of the HelloWorld class
hello_Python = CookBook ()




# print the message...starting the thread
hello_Python.start ()

# end the main process
print ("Process Ended")

247 LIRS, FE A Python IDEFTHF helloPythonWithThreads.py RGN FS.
FEPython shell FRRFE E LU N i Hi -

% -pavon srer N - <l
[

File Edit S5hell Debug Options Windows Help 1
Python 3.3.0 (v3.3.0:bd8afb%0ebf2, Sep 2% 2012, 10:55:48) [MS5C +.1600 32 bit (Intel =
}] on win3Z2
Type "copyright™, "credits" or "license ()" for more information.
N = RESTART
I
Process Started
Thread Starting
Process Ended

Hello Parallel FPython CookBook!!
e

Hello Parallel Python CookBook!!
Hello Parallel FPython CookBook!!
Hello Parallel Python CookBook!!
Hello Parallel FPython CookBook!!
Hello Parallel Python CookBook!!
Hello Parallel FPython CookBook!!
Hello Parallel Python CookBook!!

Hello Parallel FPython CookBook!!

Hello Parallel Python CookBook!!

Thread Ended

1.11.2 ik

Iﬁ??ﬂg%ﬁﬁﬂﬁﬁﬂﬁ, BRI S TN ITE —IXE R « Wl FIESL TR ECHE THUTH
— PN FAES -

TEEBN— A, ENEE MMEMELIEER G BOETT - BNERTRE R iR 28 /R R TC IR 5 -







CHAPTER 2

HOE ETHRENIFT

21 N4

HAj, PN ERRTIZAHFRRELG2ZEE. B, —PNMAAE—M#E, SRE AL
BRE, HFiTEfr. MG, PUTAFRERES -

BRIAEATAE — LT, AIRSEBAERNRE, EEZERIINAKRRIEREZ -

WAL LT R BB R GTE SR 2 408, L ITR RIS S HE MR A 2 A RELH], o] UL B Ao
HREKIFF & -

Frid, (2 SREgm e LB A A FR DA AIER: . IR, ZEREH NEME—1kRE, BADEM
W REMHZERTHZ -

AWML ERAR, W LIRS HAB SRR HAT 8l A AT « 2 AR UL SRR st AT
HREEEN A SRR B ASSIBOR TR ESITRHRIE RS, (H2BARIE, AT LI
EAEAEARETR, F—HRNEZ D AFRNSE UERZMEOEE . HILms, #RZEAS =5
I8 -

B MEREEAR LAE3NTE: BFRTEE, FENE . S5 RENEMEREL =M IREA LA
FREMARTI . B MERENE BT, AT UAEASRERDS, XMt E—f . RREAIRE
K A& _E AT LIS ready,running blocked - £72 A R 7 2 B AR PF O FF AT —— 1 SR A BRI 2 4%4L
s, HEMEOF LUBITRANERE . MILTUHRE, FRSENMSEEZEMERE. MLz T, EHEZH
P BT R WAER — RN S ERAEZ MY E T U EERNZE .

ZEREGE — RO L E A A R TR AR R AR I - X008 TN 2 =S (8] Al 2 2R g A 1 B A R
Ao

2.2 i HPythonf 2RI IR

Pythonif i3 FRIEZE ) threading BHRREBARE . X PMRRIZH TR ABEORE, LR Z/TTIHE
o Pl SRRBRGEME T LMREIRNZTRLS], SEEUEAIEF R A

AR AT

31



o HRENR
o Lock¥f %
* RLockX %
. [FEX5
o SRS
o FHEHFXWR

ET%"F%E‘J)?%%EP, HATRFE T ) 7 2 alix e 2 R IR (AR 1% o« DUF SE 451 2 TPython 3.3 (5
Z%Python 2.7) -

2.3 WfalE L —14eke

LR & A BRI — DR, H— 0 B R 8L i 1L — D ThreadfX J5 P H start () FiEE D)
' - Pythonfjthreading&EHIR ML | Thread () FIEENFHILAE BT R EEAL BT 2SS -

class threading.Thread (group=None,
target=None,
name=None,
args=(),
kwargs={})

EEAERE A
s group: —MIZEN None , X LAE I —LLF 4TI EE /Y
* target: é’l?ﬂﬁ%%iﬁﬂ/ﬂﬂﬁ1ﬁgﬂﬁ?%@ﬁ
* name: ZEMET ., BNEHE— 1 ME—%F Thread-N
s args: fLiB4A target S, ZEilHupleX A
s kwargs: [A L, HHFEIEMdict

OPRLRAITEIE R LN, B B S IFERREROZ M 2 o FHEXAN TR - DT AERE (X
MFEFETERESH) | BREESTTHHX D -

2.3.1 Wiferfi. . .
VEFATE — FUIATIE T threading L AL TR . NS TR AT LT -

import threading

def function (i) :
print ("function called by thread \n" % 1)
return

threads = []

for i in range (5):

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

t.join ()




EHEAREETERNT:

Eie Edit Shel Debug Opticns Wndows  Help

Pythen 3.3.0 (v3.3.0:bdfafb80ekd2, Sep 29 2012, 10:55:48) [M5C v».1600 32 bic (Int =
el}] on winil

Type “copyright®, “"coedita® or “license()® for more informacion.

Iy m RESTART
b3

function called by thread 0
furction called by thread 3
function called by chread 2
function called by chread 1
function celled by chread 4

R, WA RER_ EEIRR . B, S MERREFBERIN A stdout ITEILER, BT LU 7 TCik
HILHE -

(FEEE: XBABEMEAERR BAET t.join() . ZEBWE, RBESERZAIFNSEFEERL%
e, #AiEid, EERESFMAGE, RNEFFERERFEITfEINTE T — MR, FELE, XBER
BRENTFZITH), SEPRE TR AGEZ01234fF HEL, A2 HEEFLER)

2.3.2 Wig

S AN Ethreading &, 8 H 5 FH pythonfin & FT LA T -

import threading

E£ﬁ$¢,ﬁﬂﬁﬁﬁﬁ@ﬁﬁm@ﬁm@%%T—ﬁﬁﬁﬁ%ﬂw%doﬁNEﬁAT%?ﬂW%—
NEEL

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

SRMOEZEHASS LT, FEFWM start () . Join () WHAEKNARE - BESHFERIITS
RORIHERAERELRE, o SEPITER, FEREAF 28EHTT)

t.start ()
t.Jjoin()

2.4 AT RE = Hi SRR

fEF S BORIIA S 2 SRR R B A L EH - B—1 Thread SEIOIERIRHREE — P EOAMER 4
¥, FHAMES . ERSWEE — MRS EREETZ MRERS, NTRAFRERIE, X &5 LiER
TREEFHH -

2.4.1 4. ..

T BRI E IEAEIBITHOLAE, JA1QE T =1 BRe%t, HH5IAT time FEIZTHIREER2s, 1h4E
REHE .




import threading
import time

def first_function():
print (threading.currentThread() .getName () + str(' is Starting "))
time.sleep (2)
print (threading.currentThread() .getName () + str (' is Exiting '))
return

def second_function () :
print (threading.currentThread() .getName () + str(' is Starting "))
time.sleep (2)
print (threading.currentThread() .getName () + str (' is Exiting '))
return

def third_function() :

print (threading.currentThread() .getName () + str(' is Starting "))
time.sleep (2)
print (threading.currentThread () .getName () + str(' is Exiting '))
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 ()

N EFTR
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first function is Starting

second function is Starting

third function is Starting

first function is Exiting
second function is Exiting
third function is Exiting
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tl = threading.Thread(name='"first_ function', target=first_function)
t2 threading.Thread (name="'second_function', target=second_function)
t3 threading.Thread (target=third_function)

(FEE: XEMREM EEPA—E, TRIEEABREE = NMEENNSECRNXEOIARIT S, Rk
X B, B AR S Ei )& Thread-1 is Starting AKX Thread-1 is Exiting, 1E&#
AT EfTER)

VR start () 1 join () BINEA]-

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

2.5 M SEI— ke

i F threading R SE I —MET I HE, TR T H3D:
o X — Thread EHIFR
« BE _ init_ (self [,args]) Ji{k, ATLIAMINESMAIZEL
« B, TEEE run(self, [,args]) FEREMAREHIIERE

SRR THH Thread TRAOEHE, IRATLIEFIX 1, B start () FIEREHE . ZREEBHNZE
RFSHAT run () Tk

2.5.1 {4, ..
HTETERBLIETRE, KITEXLT nyThread % . EHEFANHIEEEFED LI

import threading
import time

exitFlag = 0

class myThread (threading.Thread):
def _ init_ (self, threadID, name, counter):
threading.Thread.__init__ (self)
self.threadID = threadID
self.name = name
self.counter = counter

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

def print_time (threadName, delay, counter):
while counter:
if exitFlag:
# FEE: FEPHEHNthread, 'fﬂﬁ':?ythonj’%‘E?ﬁﬁﬁﬁﬁﬁfﬂthread, PI_threadfift, HILN




# import _thread

# _thread.exit ()

thread.exit ()
time.sleep (delay)

print ("¢s: %s" % (threadName, time.ctime(time.time())))
counter —-= 1

# Create new threads
threadl = myThread(l, "Thread-1", 1)
thread2 = myThread (2, "Thread-2", 2)

# Start new Threads
threadl.start ()
thread2.start ()

# DUNPAT RIEBRN, WRERGME R MR LR,
# NHEMATRDAN - BEURIEE R

threadl. join()

thread2.join ()

print ("Exiting Main Thread")

bR SR T
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i RESTART
S

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 15:42:05 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
i

-
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SRR QM E AR E LR . S SREEEL — M EMN Thread MTRAE, FEFE run() 77
PARLILEH, XN EREENAD - EEEFH, B0 T LD myThread FIRALH), RFHAT
start () HIERSNEN]. A Thread KIMBE S RLAH), @I ERANTATLIALRIEE L — 2 FEHISHZ
KEENE - WA start () ZRERBEZAERRE, HHRFELES run () 458, SEPRERRE - FrE
HIAAEE PTG, PSS




join () AILTERIEAREMLL -

2.6 ¥ fHLocki#tiT &R R

YA X R ENERRIE L R LT, HEEDE A ISR EEE, OE RIS 5
BN, e ERREME, TRESEHIT R - bug BRFHITH -

TSR RE R ARRR IR R B BIRRIEIEEE R, S P ERERFEUIRE EZNER, BLm
SRS BOAREVIH] - BLRAEXTXHR D BRI SERZ T, R AT, RJe H b At o] LIZE
XA DT R B T -
?E%,ﬁ%ﬁ%%#ﬁﬂ%ﬁﬁﬁﬁm,ﬁuﬁm%ﬁﬁ,Eﬁ—ﬁ%ﬂﬁ—ﬁﬁﬁﬁ#ﬁﬁﬁgw
7 -

RETFHARME ., (X R A & work A «

R, AEXRFREAERES, BATRIXADTELEHE 2 SB—MERNEBIIE . S AR LR ZERGE
— P, FEBR S A E, XN AT REAREEHAT, FAENTEMEEN THRERD -

Thread A Shared Variables Thread B
Thread A waits Thread B waits
for variable 1 . for variable 2
to be set by wait - set to be set by
Thread B Thread A
Thread A can't . Thread A can't
set variable 2 = - HEl: set variable 1

Deadlock

T EACER, BATEW NI LARIEE (REA FLEB), T2 B M B2 Bk LEA TE &
TRl B T E B2 AAXMEN T, WALEREHA BB, HEOh MR . IERKR, EX
TR, REEA TR IR (0B, LB TFE FIF 0B, W RIRGE NSRRI BT HA
P BRI R0 S R, T LA 7 BB BT AR AL TS5 7% B AR « (X R IEB{A LT 1R
Ol B RAGR ERT, fE R BIRARR [F] 22 (Rl — I AT AT A ARV A (P R T 58

AT, AR T PythonHIEREFAHEI, Lock () o JELEIATAT LUK S B IR — I 2 i 15 7] FR AR
%—%ﬁﬁi—%ﬂ%%ﬁi,%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%%ﬁ,#EZE%ﬁﬁﬁE@%ﬁﬁ%ﬁﬁ%%
?E{ °©

2.6.1 Q4. ..

THEAEFRR T WfHEN 1ock () EHERE . £ THREF, RITEW D EE: increment ()
decrement () o HH— P RE ELEFIFHATINAERIE, FH— DR BT LA K& ) i &R E
o BRibZAN, B—PRECEE — MESEEPUTERE . FRATBELRIE, B R Z TR ERE, T
R = B E% TG EO.

(ML



# —x— coding: utf-8 —*-—
import threading

shared_resource_with_lock = 0
shared_resource_with_no_lock = 0

COUNT = 100000

shared_resource_lock = threading.Lock ()

# HYRIHEN
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 ()

# EBEN
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

if _ name_ == "_ main_ ":

tl = threading.Thread (target=increment_with_lock)

t2 = threading.Thread(target=decrement_with_lock)

t3 threading.Thread (target=increment_without_lock)

t4 = threading.Thread (target=decrement_without_lock)

tl.start ()

t2.start ()

t3.start ()

td.start ()

tl.join()

t2.join ()

t3.join ()

td.join ()

print ("the value of shared variable with lock management is 2¢s" % shared_
—resource_with_lock)

print ("the value of shared variable with race condition is %s" % shared_resource_
—with_no_lock)

PR BATRIZE RN T
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the wvalue of shared wvariabkle with lock management is 0

the wvalue of shared wvariable without lock management is -28050
>335 |

AUEH, MREIREHEARNE, RISFAERMNER. SEEER, HAMNBELIHA—E2
BERROEER, EREEPTZR, S&HIERMGER - EBMBHSRE S ERMK .

2.6.2 iR

HEERFH, HATELTHER

tl = threading.Thread(target=increment_with_lock)
t2 = threading.Thread(target=decrement_with_lock)

[Rh&AE:

tl.start ()
t2.start ()

NEPHZE T R BRI FTE &R 7o

tl.join()
t2.join ()

f increment_with lock () H#F decrement_with lock () HR#EH, A UAFBRNFEAVFEH T lockiE
). HIRFTEMHATIRREE, W acquire () EF8 (WRBEFATH, &~ EBESHFEIES) | &
JEHH release():

shared_resource_lock.acquire ()
shared_resource_with_lock —-= 1
shared_resource_lock.release ()

FATELE—TF:
o PIEPFIRE: locked (HI—4LFEEE]) Flunlocked (F]FPIRZE)
o ATEW AN HIERBEIES: acquire () Ml release ()
T EE G LT A
o WNEUIRAE Zunlocked, FILLFM acquire () RHRESE Hlocked
o WERASRlocked, acquire () &Hiblock BE| A —RFEFH release () BAUHL
o WEHIRE Zunlocked, A release () FFE RuntimError 75
o NFRESRlocked, FILAAH release () FPIRAEZ Hunlocked




26.3 TEEL

REFIE EATH0E, EEBRER AN SEE S ER R - 2% R R R 80 H Al J7 1 7= A£ 171 1%
Wi o SXFE—FPERSFEOUTIE, EW 2 5RADENITE, BRMREREFRA R . FREEAR,
B R EN LRI ERNE DB ER, EABTRERXMILER MR . K5, NEBRNZERE,
gigﬁ%jﬁﬁ4%S<ﬂ“debug%5{€$4\lﬂ’\]ﬁfﬂﬁo Frid, Bl R E A AT A T i R A 2 BB N, B

2.7 {HFHRLocki#HIT&IER

R IRABLE R ERNPEE A RREROZE, AR IZMEH RLock () M o F Lock () MR —FE,
RLock () M REEWNHIE: acquire () Ml release() - YREEARIMNARIELRELZ 2, NEEENA
{5 F [B1RE 7 1L % RLock () FRARSER T -

(1IFHE: RLock/F/EMRERI M T, ¥ 57001 BV IN—B - RLockH: SZ MY ff“Reentrant Lock”, #ft /& 7]
DBEEHARS, W38 . XA LockE & = M5 1. WETNER . RS EAZESHI,
WREBTIERAUX M, RAAR LU 2. [F—%Er U2 RERNZ8, BIA] LlacquireZIX; 3. acquire%
DRI Trelease % /IR, VB 5 —1krelease 4 REEXZE R Lock FHA 75 Fyunlocked)

2.7.1 ff. ..

ERFCEEH, FAT5IANT Box 2K, H add () HIEM remove () 71k, BT FHA execute () FEMIA
M. execute () FIHUTH Rlock () il

import threading
import time

class Box (object) :
lock = threading.RLock ()

def _ init_ (self):
self.total_items = 0

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

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

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

## These two functions run n 1in separate
## threads and call the Box's methods
def adder (box, items) :
while items > O:
print ("adding 1 item in the box")
box.add ()




time.sleep (1)
items —= 1

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

## the main program build some
## threads and make sure it works

if name == "__main_ ":
items = 5
print ("putting %s items in the box " % items)

box = Box ()

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

t2.start ()

tl.join ()
t2.join ()
print ("%s items still remain in the box " % box.total_items)

BITEERINT:

File Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bdBafb%0ebf2, Sep 29 2012, 10:55:48) [M5C v.1e00 32 bit (Intel)] on =
win3z

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

e RESTART
e e g

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
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Yitem VAR K TFOMIBTE, EELTAE. Vi RLock () HINERTE Box KN

class Box (object) :
lock = threading.RLock ()

adder () 1 remover () W TEREE Box BN #EAEitems, BIE Box KA FIE: add () 1 remove ()
~/A7i/£wﬂﬂﬂ %E B—IRERFRRERMEIRMERE . 2T lock () X%, RLock() WEZH
acquire () fl release () JIEF LUERIEBMHER; R —XITERAS, FATEAE LT #IE:

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

2.8 FHESEHTERER D

{55 2= HEDijkstral W 55 — RN AERIER ST, E5EERBMEAREHEN —MMEEIERE, HT
g%?g*g*ﬁﬁﬂmﬂfﬁ’ﬂﬁﬂi AR B, FEER— PN, AT ERET LA
w B

FIFERT, fEthreading®RA, FE5REMBIEEMEEL B acquire () fl release () , MEREUIT:

o FRYLEEEIRECCH T EEEMIEEREN, LHAH acquire () , HWRIEERDEEEM N
=, ﬁﬂﬁlﬂ} EMEIER, BEASEIZEIRIATR - InREf(E, ﬁﬁiﬂﬁ*ﬂ}ﬂiﬁ_ BHIEIEH M A%
FERE BT

o HEBEAHRFEIZLZRE, LIUET release () Bl X, F5EMNATZENN, EEF5E
SERFRAS F HEAE B i T FO4RAE 2 EE I = B E’WFXBE&

Thread acquire SHARED acquire / Thread
«—
release RESOURCE release

SEMAPHORE

Thread synchronization with semaphores

BREE LEESEINHA 2WEMRE, MRESENSEHFIEMRIERRETH, WXt am
Ao BIRAR, BEMRIEE IR T, e SEERAE L -

BT, BIERDHANSRE, BESHE-MESE, HEESEMNIEN . BIXEREARES
EREMNTEEI0, SXEHBEERIADIEE] T LB, LIEBRESBIENORE-1, H BAX Bk s
XEFEHIIERILAREA, FESECEAN T ME, TRERB - MRERESR -

XRERIE, RE SR HES 2R UEERD W BIRE, EREOVARR THRESET PrE AR SE S
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2.8.1 H&FITIE

THRRBERTESENFER, BITEWINETE, producer () M consumer () , EAVERILFEFE
VR, Hlitem. producer () LS EET item, consumer () LSS 2 TH Fitem -

YitemiDEEH W ET"HHE, consumer () —EZERF, Hitem T H %, producer () B AIVHE T E K R
ATLMER T -

2.8.2 qnffH. ..

FEUTHRES, BAEREEHRERMERRETESENFRY . HEMEE Hiem, FREES
- RETHREESRIRETIHD -

# —%— coding: utf-8 —x-—

"""Using a Semaphore to synchronize threads"""
import threading

import time

import random

The optional argument gives the initial value for the internal
counter;

it defaults to 1.

If the value given is less than 0, ValueError is raised.
semaphore = threading.Semaphore (0)

#
#
#
#

def consumer () :
print ("consumer is waiting.")
# Acquire a semaphore
semaphore.acquire ()
# The consumer have access to the shared resource
print ("Consumer notify : consumed item number %s " % item)

def producer():
global item
time.sleep(10)
# create a random item
item = random.randint (0, 1000)
print ("producer notify : produced item number %s" % item)
# Release a semaphore, incrementing the internal counter by one.
# When it is zero on entry and another thread is waiting for it
# to become larger than zero again, wake up that thread.
semaphore.release ()

if _ name_ == '_ main_ ':

for i in range (0,5)
tl = threading.Thread (target=producer)
t2 = threading.Thread (target=consumer)
tl.start ()
t2.start ()
tl.join ()
t2.join ()

print ("program terminated")

B &IEITsH, HRNT
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consumer is waiting.

producer notify @ producted item number 1893
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 waitcing.

producer notify @ producted item numkber 628
Consumer notify : consumed item number 688
consumer is waiting.

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

»>>> |
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2.8.3 iR

E%E%}%Mﬁ‘%ﬂw, WESEE—FERZFRPRASE MR £XE, BITNERLTHFTEBIT, B
FEETRRD:

semaphore = threading.Semaphore (0)

X ERVEF ock F AIFLEIIEH AL, producer () A itemZ 5, BEHUFIR

semaphore.release ()

fE 582 release () A LUREITEERR GBI EAMAIARTE . FFER, consumer () AR LLEE NHEIAY
TTEER|FR:

semaphore.acquire ()

MRGFSEMHTEEE 70, MEMHE acquire () i, BIHRIA—MEREREHN . WRESEMITHEL
FATO, WX ME- 1R/ S ECHR -

Bm, ERIBIEHHFTEN R

o o

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

84 TH¥E%
EERM—MEFHEEERE. BFEEVBENMEEE, TSR . SR E R .-




55 BAESFRF L AREGREIE S TR AR, BRI RESECLBAEL - BN, BES — ARt
ERETEsl, REFHETESR, MERECKESERETES, NAeHSHETES, XML E
e, SRS Rs2, (HERES s -

2.9 AT AR R P

SRR N RIS R - (X2 A —MEDHS, HhRlesBEEGE—RExE, HimskiE
DGR R ERRETIER . —BRAE, ARESESLE BRI —AUR -

2.9.1 HEFTITIE
TR SN BT O T R P E I B 8 . 7EARGIH, REEERR, A E—HnEEEr, A

BRENE, HRE-BENZFRH (8% « SRAURIIA SRR, A= EREmEhts, X
LRIMEASI NIRRT 3, TH PR B R AL T

2.9.2 e, . .
BT BRSNS, AT — I A R B ) T

from threading import Thread, Condition
import time

items = []
condition = Condition ()

class consumer (Thread) :

def _ init_ (self):
Thread._ _init_ (self)

def consume (self):
global condition
global items
condition.acquire ()
if len(items) == 0:
condition.wait ()

print ("Consumer notify : no item to consume")
items.pop ()
print ("Consumer notify : consumed 1 item")
print ("Consumer notify : items to consume are " + str(len(items)))

condition.notify ()
condition.release ()

def run(self):
for i in range (0, 20):
time.sleep(2)
self.consume ()

class producer (Thread) :

def _ init_ (self):
Thread._ _init__ (self)




def produce (self):
global condition
global items
condition.acquire ()

if len(items) == 10:
condition.wait ()
print ("Producer notify : items producted are " + str(len(items)))
print ("Producer notify : stop the production!!")

items.append (1)

print ("Producer notify : total items producted " + str(len(items)))
condition.notify ()

condition.release ()

def run(self):
for i in range (0, 20):
time.sleep (1)
self.produce ()

if _ name_ == "_ main_ ":
producer = producer ()
consumer = consumer ()
producer.start ()
consumer.start ()
producer. join ()
consumer. join ()

BATHIEERINT
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Producer notify : total items producted 7 ;ﬂ
Consumer notify : consumed 1 item
Consumer notify : items to consume are &
Producer notify : total items producted 7
Producer notify : total items producted &
Consumer notify : consumed 1 item
Consumer notify : items to consume are 7
Producer notify : total items producted &
Producer notify : total items producted 9
Consumer notify : consumed 1 item
Consumer notify : items to consume are 8
Producer notify : total item=s producted 9
Producer notify : total items producted 10
Consumer notify : consumed 1 item
Consumer notify : item=s to consume are 9
Producer notify : total items producted 10
Consumer notify : consumed 1 item
Consumer notify : items to consume are 9
Consumer notify : consumed 1 item
Consumer notify : items to consume are 8B
Consumer notify : consumed 1 item
Consumer notify : items to consume are 7
Consumer notify : consumed 1 item
Consumer notify : items to consume are &
Consumer notify : consumed 1 item
Consumer notify : items to consume are 5
Consumer notify : consumed 1 item
Consumer notify : items to consume are 4
Consumer notify : consumed 1 item
Consumer notify : items to consume are 3
Consumer notify : consumed 1 item
Consumer notify : items to consume are 2
Consumer notify : consumed 1 item
Consumer notify : items to consume are 1
Consumer notify : consumed 1 item
Consumer notify : items to consume are 0
earar g -
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(IEF%‘Y’:EJ\_E wh /E BiXBRBFGEEHM, EHN condition. acquire () ZJEMTE .wait (
T, ﬁ%‘%%—ﬁ%ﬁ%ﬁlo L5 wait () FFBURI, REHFHFHMERE notify () 2 E%E%ﬁ—mﬂ“ﬁ»
. HREFEE .notify () AL EEJJ%XW”E‘JI T IRIBFRERTT, & .notify () REFH .release ()

o

BEE T —5REL TEARERE . XEMOSREMZEXETH (R wait 0 BESERE — MRS E T
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FEMATGERE, BUCE— T EAXHY: https://docs.python.org/3/library/threading.html )
TH P E S ER R BN R itens []

condition.acquire ()

SR Nist N0, ARATH B B W AN SFRRIRES:

if len(items) == O0:
condition.wait ()

BHNFIE T pop #AETE T — 1 item:

items.pop ()

WG, THTRERPREBOEMG L%, RN 32 BRI

condition.notify ()
condition.release ()

E)‘L%‘%?U/\i’ﬁ/ﬂ RIGFINRIPATZ R EW (ERAANX BT H, &ARATLUFR10 Mitem) |, 4R
SN, BAEFEIRANFERRRE, E?U%ﬁﬂﬁ%@%

condition.acquire ()
if len(items) == 10:
condition.wait ()

WERIATEHT, AT 1 Nitem,  IBEPIRSFFREBUETIR

condition.notify ()
condition.release ()

294 TEHEL

PythonXT%ﬂ'ﬁF]—J*FE’ka)mﬁﬁtoﬂﬂ%&ﬁa SRR BIE A0S S B01E, NEBH) _Condition &0
I~ RLock () M5 . [EE, X RLockt & i#id acquire () #l release () BH:

class Condition (_Verbose) :
def _ init_ (self, lock=None, verbose=None) :
_Verbose._ _init_ (self, verbose)
if lock is None:
lock = RLock ()
self.__lock = lock

(LR RZEFNFADY, FOIE B —iE iR X R, P32 % B FTENABC 107X - IE4F /2 Condi-
tion AIfEAHZ R - FIEH G HCHEISEXEHREKSE .

# —*— coding: utf-8 —x-—

mwn

Three threads print A B C in order.

mmwn

from threading import Thread, Condition

condition = Condition ()



https://docs.python.org/3/library/threading.html

current = "A"

class ThreadA (Thread) :
def run(self):
global current
for _ in range (10):
with condition:
while current != "A":
condition.wait ()
print ("A")
current = "B"
condition.notify_all()

class ThreadB (Thread) :
def run(self):
global current
for _ in range (10):
with condition:
while current != "B":
condition.wait ()
print ("B")
current = "C"
condition.notify_all()

class ThreadC (Thread) :
def run(self):
global current
for _ in range (10):
with condition:
while current != "C":
condition.wait ()
print ("C")
current = "A"
condition.notify_all()

a = ThreadA()
ThreadB ()
c = ThreadC ()

o
Il

a.start ()
b.start ()
c.start ()

a.join ()
b.join ()
c.join ()

JRFARME R, PRLEEIBUERERNE HCBEMIRE . HIpITE B R%E, BERIRE current
= 'B' RRTTEINHIB, RPRASEUR ¢, IXBELAL T ITEI“C AR IR B AR -

A X BN REMUIR T E i e, RUIFMUBEPT R AR, el B CERE —RIRET - )




210 fEH BT EIER P

EHREREZRATERONS . ERNRESRES, BMNESELAHES - BERX EEHENSZBESHEF—1
NERA &, FILUET set () AEREN true , ATLLEY clear () AIEEEN false - wait () FIE
FroPHELRE, BRINERZEN true -

2.10.1 WffH. ..
T BT A S SRS R R AR — IR E B A R - B R L

# —#— coding: utf—-8 —#-—

import time

from threading import Thread, Event
import random

items = []

event = Event ()

class consumer (Thread) :
def _ init_ (self, items, event):
Thread._ _init_ (self)
self.items = items
self.event = event

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

o3 [}

:s'" % (item, self.name))

class producer (Thread) :
def _ init_ (self, items, 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 '% self.name)
self.event.clear ()
if _ name_ == '_ _main__ ':
tl = producer (items, event)
t2 = consumer (items, event)
tl.start ()
t2.start ()

tl.Jjoin()




t2.join ()

TERBGSTEFEAZITER - SREROElistR5 IR INE,
wait () PHZE, EEMENES BORH B MlistF B TR -

|
e 2. S e S

Debug Optiens

Eile Edit Shell

Windows Help

S

A

J5 X B event il #1

>
~

Producer notify
Producer notify
Produce notify

Consumer notify

Producer notify
Producer notify
Produce notify

Consumer notify
Producer notify
Producer notify
Produce notify

Consumer notify

Producer notify
Producer notify
Produce notify

Consumer notify

Producer notify
Producer notify
Produce notify

Consumer notify

Producer notify
Producer notify
Produce notify

Consumer notify

Producer notify
Producer notify
Produce notify

Consumer notify

Producer notify
Producer notify
Produce notify

Consumer notify

2.10.2 +fie

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

204 popped from list by Thread-2

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

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

90 popped from list by Thread-2

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

event cleared by Thread-1

3 popped from list by Thread-2

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

event cleared by Thread-1

162 popped from list by Thread-2

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

event cleared by Thread-1

208 popped from list by Thread-2

item 97 appended to list by Thread-1
event set by Thread-1
event cleared by Thread-1

97 popped from list by Thread-2

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

event cleared by Thread-1

238 popped from list by Thread-2

-

Ln: 480 Col: 0

producer EHIALES E X T itemlistAl Event , 54N SREHERFIFARE, X BilistE N g2 R,

A iEd S AT AR

class consumer (Thread) :

def _ init_ (self,
Thread._
self.items
self.event =

items,
init__ (self)
items
event

event) :




EranFEF, B Yitemf#, producer ERFFritemiNINENistR BIRE & HEAEED - FHEBEAER D,
%‘ﬁ:

self.event.set ()

i,

self.event.clear ()

consumer RYEUIFETE XL T itemiJlistAl Event () - HitemyZERAR, TREEH:

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))

TERUHEBATIAR producer #l consumer :

Producer Event Management Consumer Event Management

-

S —

remove
item

Thread synchronization with event objects

2.11 fFEHwithig ik

Python A2 SHRATFFIRGIA T with 81 WWIFEIERSEH, 28 W MR RRERR 2 — U EREI 5 75
AIPATEOR B, W LMER with 1% BBEI5ERL. [F%E, B/ with BVER] DITEAFE R 77 5 BLARE U BT IR,
BIt, with IEEHAYMe EFCE B o Ethreadingt IR, FrEHH acquire () /T1EM release ()
TTERIX SRR LA BN SUE RS -

WALRVE, TR R A UER with B4




e Lock
* RLock
¢ Condition

¢ Semaphore
2.11.1 HEFTHE
FEATNTH, BATEER with BYARE B ZE0X IO 5 -

2.11.2 Wff. ..
THMFIFRET with BERNEARE, RITE—RIMESEIE, FESRA with BEAEA]:

import threading
import logging
logging.basicConfig(level=logging.DEBUG, format=' (% (threadhN

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

def threading_not_with (statement) :
statement.acquire ()
try:
logging.debug (' ?%s acquired directly' % statement )
finally:
statement.release ()

if _ name_ == '_ _main_ ':
# let's create a test battery
lock = threading.Lock ()
rlock = threading.RLock ()
condition = threading.Condition ()
mutex = threading.Semaphore (1)
threading_synchronization_list = [lock, rlock, condition, mutex]
# in the for cycle we call the threading with e threading_no_with function
for statement in threading_synchronization_list

tl threading.Thread (target=threading_with, args=(statement,))

t2 threading.Thread (target=threading_not_with, args=(statement,))

tl.start ()

t2.start ()

tl.join()

t2.join ()

TR T M with B PRELIURE T H 2175
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il RESTERT
e e d

(Thread-1 <_thread.lock object at Ox01A29620> acqguired via with
{(Thread-2 <_thread.lock object at Ox01A25620> acqguired directly

{Thread-3 <_thread.RLock owner=3344 count=l> acguired via with

(Thread-4 <_thread.RLock owner=T7420 count=l> acguired directly

{Thread-5 <Condition (<_thread.RLock owner=7720 count=1>, 0)> acquired wia with
(Thread-& <Condition (<_thread.RLock owner=6080 count=1l>, 0)»> acguired directly
(Thread-7 <threading.Semaphore object at OxO1ED3710>» acgquired wvia with
{Thread-8 <threading.Semaphore object at 0x01ED8710> acquired directly

g oe d

-

Ln:13|Col: 4

2.11.3 i

FEERFF, BATEN T —Mist, threading_synchronization_ list , A& EMHKAIRIER S HFH
RS 5

lock = threading.Lock ()

rlock = threading.RLock ()

condition = threading.Condition ()

mutex = threading.Semaphore (1)

threading_synchronization_list = [lock, rlock, condition, mutex]

ENZJE, BATATLME for TEAFIIHE — X4

for statement in threading_synchronization_list
tl = threading.Thread(target=threading_with, args=(statement,))
t2 = threading.Thread(target=threading_not_with, args=(statement,))

wfE, BATEWABirEl, EH threading with KT with iE#:

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

2114 TR¥EZ%
LEAMBIH, FAEF T Pythonfilogging B bt 17451 H

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

i ¢ (threadName) A DAIZERRIEIH HYE BEIN LR LT o logging R ZEAEL 2/ « IXFEFATH]
DAL 73 i AR 2 RE ) i 1

BEE: BEEEE LEE—FHE XPythonHIwithiBAIHILE, AILLS%E—F: https://www.kawabangga.com/
posts/2010



https://www.kawabangga.com/posts/2010
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2.12 i queue HITEEHE

AIE A CETies], SR AREILZ RGN, ATRRERNIETE R . MR
W, PythonHthreading®IRIZ (M TR Z F P 5%, GfFHESE, FHEZE, FHAMB . WRFLUERX
SCFIERIE, ROZILSEH XL, A Aqueue (FAF]) Bk . PFIRIERAEER S, MiiE%RE
2%%%%_% DRl 9 BRI AT L BT IR B {6 FH o R e e AT SE 2, o B A VR B A BB A A B
I TTRZ -

Queue F T AH LU R U4
* put () : fFqueueH Al — 1 item
* get (): MqueueffilBx—"item, FFiREMHEREX N item
* task_done () : FiRitem P LIRS 75 ZA X7 1%
s join (): FrHitem#H 0 2 Bj—EHZE

2.12.1 W, . .

ARG, BATHR 2 5] A0 FEthreading B 7 (6 Fqueue o [FIRE, N A eRE 278 9 > S 44 2 J8] Sk = 57 ¢
IR, — MBS - ACEEI T

from threading import Thread, Event

from queue import Queue

import time

import random

class producer (Thread) :

def _ _init__ (self, queue):

Thread._ _init_ (self)
self.queue = queue

def run(self)
for i in range(10):
item = random.randint (0, 256)
self.queue.put (item)
print ('Producer notify: item N° 2d appended to queue by %s' % (item, self.
—name) )
time.sleep(l)

class consumer (Thread) :
def _ _init__ (self, queue):
Thread._ _init_ (self)
self.queue = queue

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

if _ name_ == '_ main_ ':
queue = Queue ()
tl = producer (queue)
t2 = consumer (queue)
t3 = consumer (queue)
t4 = consumer (queue)

tl.start ()




t2.start ()
t3.start ()
t4d.start ()
tl.Jjoin ()
t2.join ()
t3.join ()
td.join ()

RIS FLIBTERIT

File Edit Shell Debug Options Windows Help
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s RESTART
>

Producer notify : item N° 68 appended to gueue by Thread-1

Consumer notify : 68 popped from gueus by Thread-2
Producer notify : item N° 101 appended to gueue by Thread-1
Consumer notify : 101 popped from gueus by Thread-2

Producer notify : item N° 64 appended to gueue by Thread-1
Consumer notify : 64 popped from gueus by Thread-3

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

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

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

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

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

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

2.12.2 e
B, BABE—NEFEE . HTRNERMIIFERET, BT AR ZE R list T -

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

producer AL, RFHENT— for TEIPRF LGRS -

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




print ('Producer notify: item N° appended to queue by ' % (item, self.
—name) )
time.sleep (1)

A E A Queue.put (item [,block[, timeout]]) KiEquevedFHAEIE - QueveZ[F T, EHH
NEE Z BINERE — 1B R -

AIRER P FHMB L
o % block N True, timeout N None OXHZELINMET, AFIHFHEAED) , R4 EE
SN, HERIHMTHAME - IR timeout ZIEEBE, RAHEBFZLX M E, SESH—4
T -
e WH block N False , WNRLINIEREIRLSILEIEAN, B ERE (timeout BEH
Z2rg) o KfIH, put () RAEIIEEDH, RERAH wait O FHEERF-

TH 3 WAF BB RO E FH task_done () TIEFHIRNES T

{H 3 (£ Queue.get ([block[, timeout]]) MBAFIHEEEIE, queueN TRt 4T BIAALEE - 4n
REAF =, IHTRETHEE -

&g, EERFT, HANOEEREIERETE, o, 2, SIERHTE:

if name == '__main
)
producer (queue

queue = Queue (
(
consumer (queue
(
(

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

0

consumer (queue
queue

)
)
)
)

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

AP ETITE B 2 (A R VR AT LU T R AR
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i Thread 2
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Thread \ Thread 2
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Thread synchronization with the queue module

2.13 A Z AN FH TR

EARTH, BATFEIEGILF RN, W52 &R NH MR . s X E2fN3T, GILECPython@’i%%%%E}I)\
M8, GILZEMER R Z ML T BEIERHATIEIT - %ﬁ%aﬁf?ﬁfﬂfﬂ@iﬁZﬁu IR M B IEEZ TR
HLREBMGIL. £, BESSHEEEEZITHRELINESGILAE wllﬂﬁ?h%ﬁﬂ’ﬂ'ﬂ?ﬂ /F 1l ilﬂﬁ%
B(Python¥f 555 « iX :

FINAE, iEdiR B TAEE# - (BEE5E 1, iS‘C_flh_BZTﬁzf?mﬁ/zh_liﬁﬁ?ﬂﬁgfﬁh%T Fﬁff“ﬁ’]@
fE o WRFATEBHCPythonIGIL, Hir] LLEZEBEIEHTHIT - GILHEE ML MBI HITHERE, R
PR T — 1 EREs LA — MRETEETT -

2.13.1 L. ..

N SR RS 2 RN R RE R B TR o N AR — L EE A A A 00k, EEHUTE
R, BUEE R —IK . £ for JEEAH, FATHA non_threaded Ml threaded L. FEF, HATESA
W 0 A A IR R ECR EE TR . 12 0H1, 2, 3, 4FSEBEECRIAA%RE - £k
I%El;i?ﬂﬂiﬂﬁfj, FATNGUT V8 FH R B S 0 RLERRE R —FEZ BB . N T IRFFR B, B & BIFE 483 FH Python 1 A 1
B timer o

(MY

from threading import Thread

class threads_object (Thread) :
def run(self):
function_to_run ()

class nothreads_object (object):
def run(self):

function_to_run ()

def non_threaded (num_iter) :




funcs = []
for i in range (int (num_iter)) :
funcs.append (nothreads_object ())
for i in funcs:
i.run()

def threaded (num_threads) :

funcs = []

for i in range (int (num_threads)) :
funcs.append (threads_object ())

for i in funcs:
i.start ()

for i in funcs:
i.join()

def function_to_run():
pass

def show_results (func_name, results):

print ("%-23s seconds" % (func_name, results))

if name == "__main_ ":
import sys
from timeit import Timer
repeat = 100
number = 1
num_threads = [1, 2, 4, 8]
print ('Starting tests')
for i in num_threads:

t = Timer ("non_threaded(%s)" % i, "from _ _main__ import non_threaded")
best_result = min(t.repeat (repeat=repeat, number=number))

show_results ("non_threaded (%s iters)" % 1, best_result)

t = Timer ("threaded(%s)" % i, "from __main__ import threaded")
best_result = min(t.repeat (repeat=repeat, number=number))

show_results ("threaded (%s threads)" % i, best_result)

print ('Iterations complete')

2.13.2 1t

AT AT T IR GEE T JR R three, FMRGEEEE N, R XK MRREEBEE GHERE
), Eﬁ RER S i AN F A function# 77N, HREMAE function_to_run () BATLAT -

Mzt FIAL 28 52 Core 2 Duo CPU - 2.33Ghz -

B — kP
FESR— R, BT T — 18 B A R AL

def function_to_run():
pass

TR T HATS ) LR ST R
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P RESTART
T

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 (& threads)
Iteration=s complete
>

,000005 seconds
,000188 seconds
.000006 seconds
.000364 seconds
.000009 =seconds
.000713 =seconds
.000012 =seconds
.0013987 =econds

L T O e T i Y i O T e O

WIS R AT LRI, R PR ANME R R - B, AR E SRR
o, HREFFEE R ALBIET - 4 NMRFEALB TR EZ0.0007143F), 8 MRFEALEITES ] 5&0.001397F5 -

Sy ¢ 5

LA LBHE 0 — RS HECY, THANET BRI, ERX DT A R EA R
IR, AR R 5 -

def function_to_run():
a, b=20, 1
for i in range (10000) :
a, b =Db, a+b

Han

Eile Edit Shell Debug Options Windows Help

=g == e s e e e s =——F —= —-———F —------= T —

32

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

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 (& threads)
Iterations complete
e s

.021832 seconds
.022062 seconds
.044926 seconds
.045434 seconds
.080262 seconds
.080161 =econds
.177695 seconds
.178830 seconds

[T T s e T s Y

R AT LVES], AR rEE AR - FOVGILMAREEUHERIIT, SABETKIEAR
FIREHC R B PAT R o FHAIREE— T GIL A RVFRER: — T — e fe -




=M
AR B2 Kb FIEE 10002k, iECH B R &L -

def function_to_run():
fh=open ("C:\\CookBookFileExamples\\test.dat", "rb")
size = 1024
for i in range(1000):
fh.read(size)

TS 28 St T
% Python Shell ESEER

File Edit Shell Debug Options Windows Help |

Fython 3.3.0 (v3.3.0:bd8afb30ebf2, Sep 29 2012, 10:55:48) [M5C +.1600 32 bit (Imtel _=
}] on win3Z2

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

> RESTART
g

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
w3 |

.074713 seconds
.074958 =seconds
.150131 seconds
.082746 seconds
.301600 =seconds
.168953 seconds
.604644 seconds
.353848 seconds

[ O e Y T T Y i Y o e

-

Ln:15|Col: 4

AR TR ZERILAFZERBENGOFEL T, MESEREAM T —FrnE . XARNERE, £
AR AR — DI — B, BATRSFZEERA DS, FENRE —, PITHMbES. #H
ZEAEPITR —MEFRESENERER, ERZRRERD, BRIFFERECIHEIERA .

S 70 ik

FERJEEIMEAH, BATEFH urllib. request M, X2 — T Pythontid, A LIZIAURLIERK - SoEE
T socket , FHCESREH HERELED-

THALEZHIER https : //www . packpub . com B T1H H BT 1kAOETE:

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

BATE R
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Eile Edit Shell Debug Options Windows Help

Python 3.3.0 (v3.3.0:bdB8afb90ebf2, Sep 29 2012,
tel)] on win3iz
Type "copvright™,

10:55:48) [M53C +.1600 32 bit (In =

"credits" or "license ()" for more information.

st RESTART
el
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)
threaded (4 threads)
non_threaded (8 iters)
threaded (& threads)

13.403415 seconds
3.732269 =zeconds
26.904945 seconds
4.927647 seconds

Iterations complete
B

FUVESR, £ VO #IA, GILEEL 7 - ZEEMATHLRELRRNE - BT KL N F ZIRLZV0%H
VB, GILFHBUE BRI P SIAEIX 7 T i F 2 S AE e R Fradt AT PR RE AL AL -

2133 TREZ

RRZIEE, NSRRI ARG N BRI E, ERRISCRFHL - Flin, —REaE— 1 EER,
HEHAworker&MRE M - XA LULTA T 0 — M REVEIESE, FRENREGERFE RS (BB
AL o BTSN IR I A N AR, HUE RE R AN - A8 4 GILZ Bt B & 15 2 22 N A
TEBERIZEPython T & FOMSANG? 2 - 2R IRFEE T M, CPythonfERESY 2 FEMERIE RFAONTE
X & R T 4 Jython, TronPythoni% A GILHIERE (FEHE: Pypythi%H) . HANERNZLER .






CHAPTER 3

FE ETURERIAT

FET: AEHRHRE, HET mpidpy iXME, FAE Mac OS L%
ERBEAREAEBAEN RS, REEREE 8ot EEEER.

3.1 N4

TEZRIETTF, AR ] ARSI LN - RETCR S MARTHERIFT . RENEL
B %EF‘EPythonE/] multiprocessing 0 mpidpy XPHAEER L -

multiprocessing s&PythonFRufE e H B SCER T HRZAFENLGH], 2L, 7 LB T EANE 23

AL ORI IERE LB ENAF -

mp14py FESEER T VE BAE BB gRTETER] Gt E=t) o fEsRul, R RE 2 RS AT e (5 B ok Tl
o (Y fHshared nothing) , FTE FIAC AR (%1215 B .

Lﬁﬁ’%ﬁﬁﬁ CENAEEIN, @ B s RILHI S IR B BORIT RO L - FEE B SR RE S, R

J#T send () fl receive J&ﬁﬁf?}ﬁ

TEPythonZ HFEHE J7 X, BAWAFEH multiprocessing BEREESK, (SR B pR AL A main i X
FRRATERT S AR (https://docs.python.org/3.3/library/multiprocessing.html ) o

__main__ fEIDLEFHAZA LIS AR, HIE/RAEIDLE A 300 4 f— MHIASKRIZAT - T REIERTEA L
TREIR, ARERARAE G AT R T ) ar s TR

python multiprocessing example.py

XE, multiprocessing_example.py &Ml A4 - Kﬁﬁﬁﬁﬁ‘]@ﬁ%&%ﬁ%Fythoni’ﬁ (SEFp b
FiPython2. 712 AT LIHY) -

(B, 0, XBOFE OIEHRE SCHIPy thon SUHATE B« Aadilid S84, WA MEL HIESIT— 1K
B OX D RBL AN SE SN « Ul R XA T

>>> from multiprocessing import Pool
>>> p = Pool(5)
>>> def f(x):

65



https://docs.python.org/3.3/library/multiprocessing.html

return xx*x

>>> p.map(f, [1,2,3])
Process PoolWorker-1:
Process PoolWorker-2:
Process PoolWorker-3:
Traceback (most recent call last):

AttributeError: 'module' object has no attribute 'f'
AttributeError: 'module' object has no attribute 'f'
AttributeError: 'module' object has no attribute 'f'
EHREASKR B Python'E 30K - WNARAHIEE, FREZHESTHEBREBUREI U E S BT, SigE
[FIR T

In [1]: from multiprocessing import Pool

In [2]: p = Pool(5)

In [4]: import func

In [5]: p.map(func.f, [1,2,3])

Oout[5]: [1, 4, 9]

FETELER)

3.2 WA — iR

“FEA (spawn) HURCEGE, HISCHROIEFHE . SOHBERE R DI & PR 2 F RS R P AT, HnLh
FIEERHTHEARTENR G FHAREHIT - PythonfImultiprocessing ZEil 1 LN JLA B/ F2:

1. BUEEIRENS 5
2. M start () J7i&, JFRAREITES)
3. WH Join () YA, HEHREGEHRZEI—

Parantys =t
e

3.2.1 . ..

NHEPG A TSR, B HREESEL T foo (1) HEL, 1 RRHEMIC:
# —*— coding: utf-8 —#*-—
import multiprocessing
def foo(i):

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

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.Jjoin()




HUTARBITREST I 6 247, B30 spawn_a_process.py (MAZF) FEMERT, REHWATHN

AT

python spawn_a_process.py

HAT2BRILUT S

$ python process_2.py

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

s w N R o

3.2.2 "fip

AT BT R IR IR, BIEIAENS 5L E SE/ 2 5] Amultiprocessing R

’import multiprocessing ‘

WIE, BAEEREF ORI 5.

’p = multiprocessing.Process (target=foo, args=(i,)) ‘

&a, BATAM start () TEED:

’p.start()

PAERT R RF Z DB — DR, (ENARPITES, AT, XPREUE foo () - HATATLIHITA
W AU R — 28 Bn, RS REM join () Fik-

WRBE Join () , EHRBHZFTHRESEEidled, RLMFEHARILEN] -

3.23 TMRE%

TR, THEAENNEFES A BRREEIEA « BEE _ main_ R SEHILIRER
Z, BATFTLITRT TERRIB AWM A - S SL B A AR RSO e CE PR EL, e S ARG - Fr
DAL T AR AT DUB B -
import multiprocessing

import target_function
if name == '__main__':

Process_jobs = []
for i in range(5):
p = multiprocessing.Process (target=target_function.function,args=(i,))
Process_jobs.append (p)
p.start ()
p.Jjoin()

target_function.py FINEIT:

def function(i):
print ('called function in process: '%1)
return

B AN —F



3.3 WAy — iR 4

FELE—THF T, RO T —MHE, FAESE T BRI R & - NTnRaesAHRE S Bl —
MG %KZdebugE’]Eﬂj%E’JEEﬁ@T

3.3.1 {1, ..

MAMRRTEME —EF N ARG EAEEAT SBEE, ETERENHT, EWT, WmeE X
GIiOEEZE)

THHEETREFPOE T M E2TFHEM— MR 2 TR, BIRRE#EE foo () KL

# G — iR
import multiprocessing
import time

def fool():
name = multiprocessing.current_process () .name
print ("Starting \n" % name)
time.sleep (3)
print ("Exiting \n" % name)
if _ name_ == '_ main__ ':

process_with_name = multiprocessing. Process(name—'foo process', target:foo)

process_with_name.daemon = True # VEJAMRIEIX—1T, (&1 & IMPEX—177 8152 E i
H

process_with_default_name = multiprocessing.Process (target=£foo0)

process_with_name.start ()

process_with_default_name.start ()

BT EEECRS, T &

python naming_process.py

iDL ST

$ python naming_process.py
Starting foo_process
Starting Process-2

Exiting foo_process
Exiting Process-2

3.3.2 i
LR IR R G - AR ZE RN G52 name ZEL

’process_with_name = multiprocessing.Process (name="'foo_process', target=£foo)

FEARGITH, HRENZTFTHE foo_function « MR TR EFME AN 2T, ATLLEH LT FEER:

’name = multiprocessing.current_process () .name

IRIGLRER W ACHRENI 4 F -



3.4 WTHE)s Gisfr— Utk

MRFELNE L E RS, 171— FEANRT, KFEAENEGHERITE TR EANRERER . 1t
ﬁ&ﬂ—f LR E A3 AR A HAT 1 PythonfJmultiprocessingt&H 1 5 & i FEL T, FoAi 1Al LALLHIRAE S5
BT -

3.4.1 eI, ..
EITEEHR, ALS R T

import multiprocessing
import time

def fool():
name = multiprocessing.current_process () .name
print ("Starting " % name)
time.sleep (3)
print ("Exiting " % name)
if name == "'__main__ ':

background_process = multiprocessing.Process (name='background_process',
—target=foo0)

background_process.daemon = True

NO_background_process = multiprocessing.Process (name='NO_background_process',
—target=£fo0)

NO_background_process.daemon = False

background_process.start ()

NO_background_process.start ()

BT EERBA, FEEH T EAG L

python background_process.py

e R HE A T

$ python background_process.py
Starting NO_background_process
Exiting NO_background_process

3.4.2 i

N THEEGBITHE, BITRE daemon (N True

’background_process.daemon = True

HEFEEZTHHAESEI —1ht, FeaiTrdERt, Faair#BEFZ#ABRERZE2 B
e

343 TiEE %

ER, Fe#BEARFQETHE. BN, H)5 6 RREECHRRR AR, 7R 2L LR .
AN, EAIFARUnixFISFIF AR RSS (daemons or services) , FTLAMIEE G AR H, BEIS WA
Q:l:

ZH o



3.5 Wf R — R

BATTLUER terminate () HEMEIRTE— DR Fob, BATATLUER is_alive () FERAIM—1
HERTIRETE -

3.5.1 {4, .
TEARGIS . flE—AEREECH foo () M. B3NZE, BALEDT terninate () HEREE

# ARIE— iR
import multiprocessing
import time

def foo():
print ('Starting function')
time.sleep(0.1)
print ('Finished function')
if name == '_ _main_ ':

p = multiprocessing.Process (target=£foo)

print ('Process before execution:', p, p.is_alive())
p.start ()

print ('Process running:', p, p.is_alive())
p.terminate ()

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

print ('Process Jjoined:', p, p.is_alive())

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

Han

File Edit Shell Debug Options Windows Help

Bython 3.3.0 (v3.3.0:bdB8afb90ebf2, Sep 29 2012, 10:55:48) [MSC w+.1600 32 bit (Int =
el)] on win32

Type "copvright™, "credita" or "licensze ()™ for more information.

> RESTART
-S54

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

Process terminated: «<Process (Process-1, stopped[SIGTERM] ) > True
Process joined: <Process (Process-1, =stopped[5IGTERM])> False
Process exit code: -15

>

Lm: 10|Col: 4

3.5.2 iWfip

BAIQIET — 1R, REH is_alive () AERETEHFEHER. REETHAH terminate () 1AL

AHAE -

G, BB IR ExitCode IR (status code) FIFHETELEH | ExitCode AIREMIELIT:
B ERIEFRY




o >0: HEHER, FLULRAIEEH
o <0: HEW -1 « I SARILH LULIES ExitCode 1B H

EHATHBITH, A ExitCode 5& -15 « MEFR FHEEET N ISHIESRIE -

3.6 HNfAlFE TR AP E R

KI—EHEXAHETER, FEUT=
. E}‘L Process E"]?%
e B _ init_ (self [,args]) JIERRNINEIMNIZSEL

o i run (self, [.args]) HIERZLI Process ABNAIRMERITIES

Bl Porcess FRZIG, FRA[LIGIET AL FHiE T start (
o

3.6.1 eI, ..
BATH TR EE 2 557

) HEREE, BoIZE®

iZ4T run() 77

# —%— coding: utf-8 —#-
# HEXLFRHRE

import multiprocessing

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

print ('called run method in process:

return

if _ name_ == '_ _main__ ':
jobs = T[]
for i in range(5):
p = MyProcess()
jobs.append (p)
p.start ()
p.Jjoin ()

o gt

)

°

self.name)

BIA LU i3 20s TR

python subclass_process.py

IBATEERIAT

$ python subclass.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




3.6.2 i
BH— MK T Process HEE | run () FEMTRELE IR HITERHREMAD:

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

EEREFH, Bil0ET —t MyProcess () FIFE - 3 start () FIESEHRBMEHE BT

p = MyProcess() p.start()
Join () AT LTS R MR R R -

3.7 WMTHEZERE L [ AT X 5

FAT R T B AR 2 A A H AU - Multiprocessing/Z75 11> Communication Channel 7] PAAZ #6455 :

Fl(queue)FIEE (pipe) -

Communication
Channels

/ )
SO

Communication channels in the multiprocessing module

3.7.1 fERBAZIZ Hixf 5
AT LB AT ISR RAE T R -

N

Queue IR[E—PHFEHLZHIENG|, BRARTEM, WEAELZEN . EFFAFIMLEIN SR (PythonidE T

pickable BT G) #r] DUE BT 3 #E -




3.7.2 i, ..

ETNEPFFH, FTATF BRI RSEI A HJE R E R . Producer KA itemfil 2|\
H, RJ5 consumer EMEAFIHRERRTEAT -

import multiprocessing
import random
import time

class Producer (multiprocessing.Process) :
def _ init_ (self, queue):
multiprocessing.Process.__init__ (self)
self.gueue = queue

def run(self):
for i in range (10):
item = random.randint (0, 256)
self.queue.put (item)
print ("Process Producer : item 2d appended to queue $s" % (item, self.
—name) )
time.sleep(l)

print ("The size of queue is $s" % self.queue.gsize())

class Consumer (multiprocessing.Process):
def _ _init__ (self, queue):
multiprocessing.Process.__init__ (self)
self.queue = queue

def run(self):
while True:

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

else:
time.sleep(2)
item = self.queue.get ()

print ('Process Consumer : item %d popped from by ¢s \n' % (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 ()

BITEERWT (¥4 macOS High Sierrajz TR, £451%7E Not ImplementedError AJREZRE N self.
_sem._semlock._get_value () %EEH)

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

Process Producer : item 69 appended to queue producer-1
The size of queue is 1
Process Producer : item 168 appended to queue producer-1

The size of queue is 2




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

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

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

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

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

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

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

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

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

the queue is empty

3.7.3 wWfalf. ..

FAFH multiprocessing REFEEFHAE T Queue HISEH:

if name == '

' __main

queue = multiprocessing.Queue ()

RIGEARIE T R, AP EMIERE, Queue MIRIEA—EM -

process_producer =
process_consumer =

Producer (queue)
Consumer (queue)

A =B RMTEH put () FIEBAL0 P item:

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

256)

THPREHREA T get () TTIEMIIF R ERitem, H HEIAAS R T HZ,

H whild 7EEF:

WRNZ, BHIT break Bk

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(l)
3.74 TH¥EZ

PAFIIEH —4> JoinaleQueue K, BRI NS %

e task_done (): WHEEKREZ BIANR—MES EE5EM, i, get () AEMAIE Elitem 2 J5
WH - @?U\thﬁ/f/u\ﬁﬁ%ﬁ]y\ﬂ FIETE R -

* join (): WWIERHREIHZE, EEIASH Hitem R FPHHH HHUAT -

( Microndgt {: B AEAAIIGTE SR — SR EE), AHERE %z It AR AN HE 4 B RS ) TE 3
WS T, B LA H task_dones e RAS B A — MESS EL2 58 Ak

XA TTHE— M fjoin— A, HEASIRI T EESHLEZ JF, &?thasiﬁﬁputﬂﬂﬂ &S E A
T task_done /725, join & 5EAHEE . )

3.7.5 FHEBE NS

%6 — FiCommunication ChannelJZE 18 -
—MEE R LA I/JT% I
o R [El— X1 EE R R
s W W%?JtﬁT send/receive J7 & R] ATEFERE 2 AT F

3.7.6 {ffH. ..

TEAEHEAEN— M ERR . X ERENEOR WET, 55— BRI
-

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_1l, pipe_2):
close, input_pipe = pipe_1l
close.close()

output_pipe, _ = pipe_2
try:
while True:
item = input_pipe.recv ()

output_pipe.send(item * item)
except EOFError:
output_pipe.close ()

if name__ == '_ main



https://github.com/laixintao/python-parallel-programming-cookbook-cn/issues/17#issuecomment-335668371

# B HREEER T
pipe_1 = multiprocessing.Pipe (True)
process_pipe_1 = multiprocessing.Process (target=create_items, args=(pipe_1,))
process_pipe_1l.start ()
# B HREE RIS IRTR
pipe_2 = multiprocessing.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()
try:

while True:

print (pipe_2[1].recv())

except EOFError:

print ("End")

RPN R -

File Edit 5hell Debug Options Windows Help
Python 3.3.0 (v3.3.0:bd8afb90ekf2, Sep 2% 2012, 10:55:48) [MEC +.1600 32 bit (Intel)] on win32
Type "copyright™, "creditcs" or "license ()" for more information.

> RESTART

3.7.7 iR
Pipe () BRECR [E]—% @ WA EEERGER AR R . AEAGIF, out_pipe BEETF0-9, 1#id HIrEKEL

create_items () JU4E:

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

FEHETAMRET, BITERNEE, MAEEMNE SR L EE:

process_pipe_2 = multiprocessing.Process (target=multiply_items, args=(pipe_1l, pipe_2,
—))

B TTH HEE R



try:
while True:
print (pipe_2[1].recv())
except EOFError:
print ("End")

3.8 EEWAI[F D

Z A RER] LA R TARARSER— LSS « B W TR ZEGE - Fr LUEZ A RE 2 (] CREF R 19—
BT o HEHELERRIAARE L LG éﬁﬁﬁﬂ%ﬂ%@?ﬁ% 2K [ 22 [ E AN AR FEAR R A -

ﬁ*ﬁﬁ@ﬁwﬁ%w?:

o Lock: XN 0] LIE W Fhe iE BifER (locked) FHIEBIER (unlocked) o — P Lock® HAEHM N
%, acquire () flrelease() , REBEHIFLZEIRAELEIR -

o Event: SEH1 T i ﬁilﬂﬂﬁlmﬁﬁiﬂ —NHARRREHES, %*A HESERFEHRNES . Event X
SZEMW DN, set () Mlclear () , FEHHOHNIRHZ

« Condition: X% FHE[FH \Iﬁ?bm’l‘z T#ﬁﬁ’ﬁjﬂﬂ, BWANEARFE: wait () FHRER
HHE, notify_all( ﬁFH%L’ﬂJFﬁEJ #FEI’JL?_FH

. Semaphore FREZBHR, Flan, i?ﬁ“ﬁmﬁiﬂ"] TER
« Rlock: #BIABI G - HFEM LR Threading BHER—FE

* Barrier: 2P0 BUL BB, i@ TH SRR AR S S E A RE R T - AT IERS (Barrier)
ZJa B ANBER AL T ReRs Z B RS H47 -

3.8.1 Wflfi. ..

T BRI ER T WA barrier () RECRFEIZHAHE . ATE4HE, HRIFHFE2Ebarrieri®
AIEHE, HEEIMHARAE R .

import multiprocessing

from multiprocessing import Barrier, Lock, Process
from time import time

from datetime import datetime

def test_with_barrier (synchronizer, serializer):

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 ————> 2%s" % (name, datetime.fromtimestamp (now)))
if _ name_ == '_ _main__ ':

synchronizer = Barrier (2)

serializer = Lock()

Process (name='pl - test_with barrier', target=test_with_barrier,

—args=(synchronizer, serializer)) .start ()




Process (name="'p2 - test_with_barrier', target=test_with_barrier, |,

—args= (synchronizer, serializer)) .start ()
Process (name="p3 - test_without_barrier', target=test_without_barrier) .start ()
Process (name='p4 - test_without_barrier', target=test_without_barrier) .start /()

AT MBS, B B R I AN R 2 A [F] — B[Rl B

$ 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

(FETE: FEELEPREIT T10IR, &8 —IXE B R R, B X~ 77 [ — B (B FT BT H R B s R &
REZ . HEEEF| with _barrier FIHREIF2H without_barrier HIFREIF4ARTEER/NMEL - )

3.8.2 it

FEERFH, B TR, REBANFE— DB — PbariersR IR R o barrier IHIH 15
HRFREEHE MR LA

if _ name_ == '_ _main__ ':

synchronizer = Barrier (2)

serializer = Lock()

Process (name='pl - test_with _barrier', target=test_with_barrier, |,
—args=(synchronizer, serializer)) .start ()

Process (name="p2 - test_with_barrier', target=test_with_barrier, |
—args=(synchronizer,serializer)) .start ()

Process (name='"p3 - test_without_barrier', target=test_without_barrier) .start ()

Process (name="p4 - test_without_barrier', target=test_without_barrier) .start ()

test_with_barrier HREUAH T barrierf) wait () F1E:

def test_with_barrier (synchronizer, serializer):
name = multiprocessing.current_process () .name
synchronizer.wait ()

S AR wait () FIRHIEE, ENTE—ERSHHT

now = time ()
with serializer:
print ("process ————> " % (name, datetime.fromtimestamp (now)))

NHELXTER F 7R T barrier @i 7] 7] 5 B 32 -




The two Process

Process P1 Process P2 are executed

Barrier

Process P2 reaches the Barrier, it
sends a signal to Process P1, and
Process P1 blocks until P1 reaches the Barrier.

Process P2

Barrier

All the Processes are arrived at the
Barrier. They access to their shared
resources to update their local data
and keep on executing.

Process P1 Process P2

Barrier

Process management with a barrier

3.9 IMTHENERE Z [F % BRAS

Pythonf £ SRR MRS 4 1 AE P A B0 7 W) 8 B 3k =2 (5 5 )8 2 35 (Mlanager) - — /187 B35 X G5 5 FF
HPythontf SRS AR, FH AFHEE #%ﬂ%f’ﬁ %XT%!

EHER TR
o EEHEEHAEN R IR HE
s ERRE R —HRBN T RENRZE, FrAREZERSEEN REMAR] T EH

3.9.1 WfAIfi. ..
N HERE — R (A =T G R
1. B, BFOET - 1EHEENFH, £ n D taskWWorkers Z A4 &>worker B T 7 L —
“Nindex o

2. A workerSERZ 5, TSR ITHIZ] stdout :



import multiprocessing

def worker (dictionary, key, item):

dictionarylkey] = item
print ("key = value = " % (key, item))
if name == '__main__ ':

mgr = multiprocessing.Manager ()
dictionary = mgr.dict ()

—1i in range (10) ]
for j in jobs:
j.start ()
for j in Jjobs:
J.join ()
print ('Results:', dictionary)

jobs = [multiprocessing.Process (target=worker, args=(dictionary,

i, ix2)) for

(FEFE: R T —4Tprint, FEEI LT, GEERIAIBFHH S R)
BITEE R

$ python manager.py

key = 0 value = 0

key = 3 value = 6

key = 2 value = 4

key = 1 value = 2

key = 4 value = 8

key = 5 value = 10

key = 8 value = 16

key = 6 value = 12

key = 7 value = 14

key = 9 value = 18

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

HATAESEE BT — P manager:

’mgr = multiprocessing.Manager ()

NHE—ATAE T dictionary REM— MRS

’dictionary = mgr.dict ()

WNa. BEhZ .

jobs = [multiprocessing.Process (target=worker, args=(dictionary, i, ix2)) for i in_

—range (10) ]
for j in jobs:
j.start ()

XE, BIREEL taskWorker fEFHFTIN— T item:

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




Ba, Bl S 4R RIEFFFTED R

for j in jobs:
J.Jjoin ()
print ('Results:', dictionary)

3.10 fnfelfif FH EAE it

ZHREERM T Pool FORELHFHBHLZHIEES - Pool RELUNIIE:
* apply (): BEIGEILERZ wi—HHZE -

* apply_async (): XJE apply () FIEM—1EE, IRERZE— Presulthf 5 - X E—DRPHIERME,
TR T RUITZBIA S BUE TR -

« map () X ENEN map () REEIFFAITICR . EREIERZA—EHMZE, WHERFTERNETErE
— PILRIE AR — MRS HRIIT -

» map_async (): XA map () FIER— DK, IRE—Presult®f 5 - QIRTEE T EIVHREL, 5] bR L
R Ecallable], H HREZ— 15380 GresultdE & TN < B AR EEL (BRIEEAER) - [H
WRRERNIZ LB SERL, B, FPE result A ERERAA PHZE -

3.10.1 Qe f. ..

NEEIFT RIS T AR E AR BUT — AT - FATOBE T R4 AR, N5 map O
FERAT— R BT R

import multiprocessing

def function_square (data):
result = dataxdata
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)
THRMGERWT:
$ python poll.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])




3.10.2 Wfalfi. . .

multiprocessing.Pool F{EERIATTE ENHA function_square HiERHUTH BEITHE - FHATHIH

A E 4

pool = multiprocessing.Pool (processes=4)

pool.map T7 1R — BT AR SR A AR AR

pool_outputs = pool.map (function_square, inputs)

input &#— M 0 2] 100 Hlist:

inputs = list (range (100))

RS R EEE pool_outputs o B e RS SRITED H k!

print ('Pool ', pool_outputs)

FEERME, pool.map () HHEMITIE MPython I BHY map () Z5RAMFN, REME pool .map ()
BB £ TR

3.11 ff fIPythonfmpidpyf&ik

Python 2t TIRZMPIRIR G HATIER - HF mpidpy B— P IHRAME . EEMPL12TZEME, R4t
THENSED, RRC+48E R MPL-2. MPIFICIE S FH 7 AT AT 2 > F HOHE Ot Al LA B FPaX 1
FRLL, ERCN T Python )2 i FHFIMPIJZ -

B S R E BN A
o RO RER
« HiENR
. #fh

3.11.1 HERITIE

EWindows " %3 mpidpy FId AT (HABERAIERGA L2 hup://mpidpy.scipy.org/docs/usrman/install.
html ) :

1. MMPIEEZE( http://www.mpich.org/downloads/ ) N mpich -


http://mpi4py.scipy.org/docs/usrman/install.html
http://mpi4py.scipy.org/docs/usrman/install.html
http://www.mpich.org/downloads/

€ a8

8 P vishael

A e R

& | O mpich +fom windos +HE ¥ 4RO P =

M PI CH High-Performance Portable MPI

mpicherg

[ Come inizsare

Home About Downloads Documentation Support ABI Compatibility Initiative

| Search
Downloads
= News
e e ’ ’ ’ = Documentation
MPICH is distributed under a BSD-like license. NOTE: MPICH binary packages are = Downloads
available in many UNIX distributions and for Windows. For example, you can search for it » Support
using "yum” (on Fedora), “apt” (Debian/Ubuntu), "pkg add” (FreeBSD) or “port”/“brew” (Mac » About

0S). If avallable for your platform, this is likely the easiest installation method since it
automatically checks for dependency packages and installs them. Otherwise you can use the

_____ 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

(mpiexec) =

AREEDR, SR LIEE R SRR .

DI 5 5171317 msiexec /1 mpich_installation_file.msi ZZEMPICH2 -
RN, S NPT .

24T wmpiconfig fEMEF P A ER, 1A REIwindows B K 4 FIEHRD -

NP0 c:\Program Files\MPICH2\bin B|RZZE, LFHF-

i smpd- status meE smpd , N i%3R ] smpd running on S$hostname$ o

%] SMPTCHROOT \examples X /R H mpiexec -n 4 cpi BT cpi.exe REIBITIR -

M https://pip.pypa.io/en/stable/installing.htm] N EPythonBLEH T B pip - E X TEVRAIPython P 5 A AL
VN
" plp.exe o


https://pip.pypa.io/en/stable/installing.html

& Moy -ovma & ST g e e e P e s TP —

& pypaia en st mpich fow windows + T E & 4BR-0 @ =

& P vistati

Daocs » Installation Q) Edit on GitHub
Installation
Installation
Python & OS Support Python & OS Support 9

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

Install pip

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

Using OS Package Managers

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

pip included with Python

Python 2.7.9 and later (on the python2 series), and Python 3.4 and later include pip by default [ 50
you may have pip already.

Install pip

& Read the Docs

To install pip, securely download get-pip.py. 1]

10. A4 1T% % mpidpy -

C:> pip install mpidpy

3.11.2 wfrfig. ..

1EFA 38T FT BT “Hello world”3E T HAMPLY ik -

# hello.py

from mpidpy import MPI

comm = MPI.COMM_WORLD

rank = comm.Get_rank ()

print ("hello world from process ", rank)

AL T TR A P T RS-

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

PUTEE R EEIIN T RO

('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)

3.11.3 it

EMPIF, FHATREFHAEFEA— N EAREECEX ], W ifrank . RFEATEp M2, IR ArankE M 0
2| p-1 5 - MPIHZZrank AR A0 T




’rank = comm.Get_rank ()

XA REGR BV E B R frank - comm P E (Communicator) , F T X BIASFE F)#F

Hio
i
o>

’comm = MPI.COMM_WORLD

An example of communication between processes in MPI.COMM_WORLD

3.11.4 TRHEZ%L

TEERE, AR T H AN EWER, IRA—EREREIH B f R M5 R . 2 REAE R — A5
5f), BIERRSREBITHNT - EEMNFEATTUE L, MPIEE MR 2T s, 8
PHFEARHUTAH TR <

3.12 &%) E A

MPIH Bt 5 52 B — D Rp PR Aot sl I - AN RIAAERE 2 8] AT OB S s OB TS B — iR
RRWCE, — MR KA -

PythonH] mpi4py JEid PN RECER ML T S0 S0mE A IhEE

* Comm.Send (data, process_destination): T E AR AT T A A I HE A O X 43 A A LR AN R AR Y
i

+ Comm.Recv (process_source): HOR BIRHEREGE, @i ER A PIHES R X 51
Comm ZFEF/RLIA, & T Al LEAEIRAIHRA:

’comm = MKPI.COMM_WORLD

3.12.1 Wi f. . .
NHE R F R T 4 f#FH comm. send 1 comm, recv 84N RIHIHRE 2 BRI HEE -



from mpidpy import MPI
comm = MPI.COMM_WORLD

rank = comm.rank
print ("my rank is : " , rank)
if rank == 0:
data = 10000000
destination_process = 4
comm. send (data, dest=destination_process)
print ("sending data ¢ s " % data + "to process % d" % destination_process)
if rank ==
destination_process = 8
data = "hello"
comm. send (data, dest=destination_process)
print ("sending data ¢ s :" % data + "to process % d" % destination_process)
if rank == 4:
data = comm.recv (source = 0)
print ("data received is = § s" % data)
if rank == 8:
datal = comm.recv (source = 1)
print ("datal received is = 5 s" % datal)

FTRAAS a2 0T -

$ mpiexec -n 9 python pointToPointCommunication.py

(2 [Ok i ap I

('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)

3.12.2 e
HATRE B AR B NIRIZITIETF - FrMESRSIRE A comm F, FATH LIAO DN EAEIRAIHEE - -

comm = MPI.COMM_WORLD

R, FATER rand Bk X5 HE:

rank = comm.rand

HATEW AR E B H RN EZE HE o rank{EHORIHIES KA EUR A rank (A HARHESZE -




if rank==0:
data= 10000000
destination_process = 4
comm. send (data, dest=destination_process)

RIRERS, BTRT DAL AT RErank (B 94 HIERE N M0 - SRR BATTHE ErankZ BRI comm. recv 4 -

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

KT AN H LB MENCE, BATHE Erank W IIIEN &1L, rank A8HIEAEICE - 5 E—HRF 5
AR, X —H A A REE R TR String -

if rank==1:
destination_process = 8
data= "hello"
comm. send (data, dest=destination_process)

K THRMCE AR, T EIEE AR rank -

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

THRERT mpidpy IS SE I

sender receiver

send Request to send

receive

Permission to send

DATA

\4 \4

The send/receive transmission protocol

B N, KEFH R EEE, BlCE BdE, & Wb R AT R -




3.123 TH¥EX
comm. send () fl comm.recv () REHZAERRE . M1E—EHERARE, EEIEFHTEAM - R
FEMPIH, BFF 7T =& SRR

o bufferf&z

o [APHRE

febufferf = 0H, ABEFRFE L AR EEEH P N Fbuffer , PUITAURSZREI RS, NEEFECER
BAEWGER . EFRPENT, A REEIERNEST R R ARNES 254 2R E .«

3.13 & 504 B[] R

AT B I ) — R R SRR, SO B4 Bl i R AR B 2R T S5 A T B B AR R SRR A TS
UL- mpidpy A PR E RN RERAFHOIFIFIL, (HRHRMH T—%ﬁiﬁmﬁ\/ﬁiﬁ;#ﬂ’]ﬂﬁw, R JBE S LB

[ -

3.13.1 Wfrf. . .

ﬁ&ﬂ]ﬁ‘l‘:”i‘ﬁ?ﬁE’JPythonﬁﬁfﬁ TEACE AT — A ERBEIEBRR, BATEW DR, —1 rank
ET1, B rank FTS5, MATEAEBEIR, ﬁﬂt*”‘%‘ﬁﬁﬁﬁ%ﬂ%%&ﬁ’] -

from mpidpy import MPI
comm=MPTI.COMM_WORLD

rank = comm.rank

print ("my rank is : " , rank)

if rank==1:
data_send= "a"
destination_process = 5
source_process = 5
data_received=comm.recv (source=source_process)
comm. send (data_send, dest=destination_process)
print ("sending data %s " %data_send + "to process ¢d" %destination_process)
print ("data received is = %s" %data_received)

if rank==5:
data_send= "b"
destination_process = 1
source_process = 1
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)

3.13.2 it
WRFANZRBIFXANRT (REFRMHREBT) | 2LUXFH M HBRERL M.

$ 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)

VU BN F ARG X 7, BOMPHEE R T - & A4 XFIF N2 F NMPIF comm. recv () PREF] comm.
send () HREGEEHZER . EN1HAEBEFERENITER - 5 comm. send () MPREUL, HHEIRAHZ
JEREA SR, WT comm. recv () MECEYL, AEHEREIEIRREA SR AT ERXEE, K
TR LLRFX I AT

if rank==1:
data_send= "a"
destination_process = 5
source_process = 5

comm. send (data_send, dest=destination_process)
data_received=comm.recv (source=source_process)

if rank==5:
data_send= "b"
destination_process = 1
source_process = 1

data_received=comm.recv (source=source_process)
comm. send (data_send, dest=destination_process)

BRI PRRTTENZE EAE T, (HRIFACRIUE—E 7 LB R IE BRI T - % T8 U K 4 fEbufferi(
comm. send () ERECR 2 & % RIEURE 56 275 D Flbuffer B, X Hbuffer A 52 B EUE 2 S5 12 P 74 BEARSHE
7o BN, RRZFAIEB: ZAE AFERE, H buffer CAEHRAT (ER BN FE S UUE A RERCEUE
FNEH comm. send () HEET « B, FATATLAACH—F &5 MHECE FIFP AR HOX A [R]RE -

if rank==1:
data_send= "a"
destination_process = 5
source_process = 5

comm. send (data_send, dest=destination_process)
data_received=comm.recv (source=source_process)

if rank==5:
data_send= "b"
destination_process = 1
source_process = 1

comm. send (data_send, dest=destination_process)
data_received=comm.recv (source=source_process)

Ja, BA SR ERAH T

$ 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 = Db

('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)

3.13.3 TRHE %L

I AR MR RIE B I ME— T 5 - 27, B — M ERRESE— T M —F e A H BN —F &
RS B RIThEE, UM Sendrecvy

Sendrecv (self, sendbuf, int dest=0, int sendtag=0, recvbuf=None, int source=0, int
—recvtag=0, Status status=None)

AILER, X EERISEE comm. send () MPI AN comm.recv () MPIAHIE « [RIBFAEIX S pRAC R,
NRECEN R PHZER, ML TRRA FRERMTTIOE A £ E FEUNCE 2 A BT, AT LUR AR e Al @l . X
MHENE Z i Fa T

if rank==1:

data_send= "a"

destination_process = 5

source_process = 5

data_received=comm.sendrecv (data_send,dest=destination_process, source =source_
—process)
if rank==5:

data_send= "b"

destination_process = 1

source_process = 1

data_received=comm.sendrecv (data_send,dest=destination_process, source=source_
—process)

3.14 ££4EH: ¥ Hbroadcastidifl

FEFHTRBOT LT, EMN2EEANTEAS MARAKZERENZREZETHNOE, BERES DR
MR (ATREEEARAIE) -

R T RRUGX AN AR, ER T B IRE . 2F00, IR RR0E A A AR IR, RS A REES
HFE3, 4, 5, 6, BMfEXEAREHFATEXLFE -

AN, MPUESRME T L MR Z FIZSRE B RITIE, BT RBLER T AL -



Broadcasting data from process O to processes 1, 2, 3, and 4

R BT E AR AR OE W BT AP R ARSI - BRI, — DR ARAT FaE 22 AL HERE « AT AT L
WMET HB——— DR LRE B A EAAHRE - mpidpy BB DUT 8075 2R BRI DI RE

buf = comm.bcast (data_to_share, rank_of_root_process)

XA R oot B AL S HIE B A EAET comm i@INAEMAHRE, RO T0E M FE ) root F
comm SRIHHE -

3.14.1 Wi, . .

THREL DO FHEBE HEBEEE - ZMH— Troot# 12, rank % T0, RE B CHEIE
variable_to_share, DL oAt 78 AR B A AR

from mpidpy import MPI
comm = MPI.COMM_WORLD

rank = comm.Get_rank ()
if rank == 0:
variable_to_share = 100
else:
variable_to_share = None
variable_to_share = comm.bcast (variable_to_share, root=0)
print ("process = 2d" %rank + " variable shared = 2d " %variable_to_share)

A—MHE 10/ RRAE AT 5 45 B R

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

process = 0 variable shared = 100
process = 8 variable shared = 100
process = 2 variable shared = 100
process = 3 variable shared = 100
process = 4 variable shared = 100




process = 5 variable shared = 100
process = 9 variable shared = 100
process = 6 variable shared = 100
process = 1 variable shared = 100
process = 7 variable shared = 100
3.14.2 itig
rank % TOMroot#REWIGN. T — 12 &, variable_to_share , {Hy100.3X 728 & Ridid il HAH K %
BH MRS .
if rank == 0:
variable_to_share = 100

NTRGEHR, BATERT =T

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

X, KA R R ER A RO A EE R . AEATPITRRE IR, ERATHF T+, BITHE—
MONHERERNA, variable_to_share BEFAAAHAPFIEMHITE . &5 print REFTEIH R

ETHREMENTRZR:

print ("proce

Ss =

" Srank + "

variable shared

" Svariable_to_share)

3.14.3 TRE %L
EETATFAF L DR R TEIRT - 7 mpidpy A RISAT HERA RS EER
EEME, HIBETIEESN e RE. )
7 87 R ) 1 3 P 1

1. SR P TR L TR R

2. sEIF=

(LR

o B DA REAVEERE R P AR A
o WEAREI R & 28— it iE
o NP ERUREIE RS H bR

3. B DERE

3.15 H£&EIM: ¥ Hscatteridifl

scatter@ﬁ%ﬂfp%ﬁ%, fﬂ%ﬁ~ﬁ§ﬁﬁ’a$lﬁ, comm.bcast 4%1‘5ﬁﬁ@ﬁfﬁﬁ%?ﬁ@fﬁﬁﬂﬁ%%iﬁﬁ,
comm.scatter ﬂuqﬁﬁfﬁﬁﬁﬁ’fﬁéﬂq{ ﬁ%%ﬁﬁ%iﬁﬁo T@@ﬁTscatterE@ﬂ]ﬁE:




oG @

Scattering data from process O to processes 1, 2, 3, 4

comm.scatter REFEEN — Tarray, RIGHEWrankF HEF TR L IEA AR AR LnE - TR
RIEEHIR0, BN TEKLEGHEL, F%. mpidpy PRIREURTWT:

recvbuf = comm.scatter (sendbuf, rank_of_root_process)

3.15.1 ffiL. ..
TERERBI T, AT MEEIE R ET scatter & iEARRIFIHRL.

from mpidpy import MPI
comm = MPI.COMM_WORLD

rank = comm.Get_rank ()
if rank ==

array_to_share = [1, 2, 3, 4 ,5 ,6 ,7, 8 ,9 ,10]
else:

array_to_share = None
recvbuf = comm.scatter (array_to_share, root=0)

print ("process = %d" %Srank + " recvbuf = %d " %recvbuf)
BT 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

Il
-
o

3.15.2 it

rank HOMJFHFEHRF array_to_share AUEURE & A %5 HfH AR

’array_to_share = [, 2, 3, 4 ,5,6 ,7, 8 ,9 ,10]

recvbuf ZEERFINLEFHSET comm. scatter KIEL I HFE:

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

XEFBEEE, comm.scatter H—MRMHI, ZABIEAISIFR TR ML TAZNADATERARSE - 25
AT, WERSIE R RS S EEI F AR

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 mpidpy.MPI.Comm.scatter
— (c:\users\utentel\appdatallocal\temp\pip-build-hld4iaj\mpidpy\src\mpidpy.MPI.c:73400)
File "pickled.pxi", line 658, in mpidpy.MPI.PyMPI_scatter
—, (c:\users\utente\appdata\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\appdata\local\temp\pip-build-hl4iaj\mpidpy\src\mpidpy.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
1: Utente-PC: 123
2: Utente-PC: 123

3.15.3 TRH %X

mpidpy IFRHE TP R R RO B R -

e comm.scatter (sendbuf, recvbuf, root:O):Ecommunicatorqj)ﬁ\*/l\iﬁﬁm LAt 7633 *IZ%:%
g -

e comm.scatterv (sendbuf, recvbuf, root=0):4%§§TEM—¢5£$§£%§[J?HEPE/‘] 1'1’13 %E 71"—
R g HEANRIECE AR R R E -

sendbuf MM recvbuf SE A LUIstFITE A H (BT 555 S/ comm. send HRE)

’buf [data, data_size, data_type]

data WE—"buffer-likeFIXT 5, size%6 T data_size , A data_type -

3.16 H{kmM: 1 Hgatheridifl

gather X é&ﬁ&l—ﬂ:mﬁﬁé’] scatter, Eﬂimﬁﬁﬁ ﬁiﬁﬁﬁroot HAEAOEHE - mpi4py¥f|ﬂl§l/\]gather
BRI T -



recvbuf rank_of_root_process)

comm.gather (sendbuf,

sendbuf ZZAIEHEIE,

AV

0

—

XHE, rank_of_root_process RERERZIEIEHIE -

Gathering data from processes 1, 2, 3, 4

3.16.1 ferfiL. ..

Z’:E?%T%)E‘JWJ?EP, FATELI EEERREE . B EREEEE A IR, A% Arootdt 12
rank 70) -

from mpidpy 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(l, size):
data[i] = (i+1) %2
value = datali]

print (" process $s receiving %s from process ¢s" % (rank , value , 1))

e, BATHS N HRERER

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

CERIEME T —FE, root AR R T HAh Ui RE AR -




3.16.2 it
B, RATEn MR %A B ISR

’data = (rank+1) %2

W rank20, FffEarray HICEEEE

if rank ==
print ("rank = " $rank + "...receiving data to other process")
for i in range(l, size):
data[i] = (i+1) 2
value = datal[i]
print (" process receiving from process " % (rank , value , 1))

HE AT T O R A

’data = (rank+1) x*2

3.16.3 THEHE %X
mpidpy BT T RS AR

« gathering to one task: comm.Gather, comm.Gatherv, fl comm.gather

« gathering to all tasks: comm.Allgather, comm.Allgatherv, #l comm.allgather

3.17 & Alltoall ifl

Alltoall HEMHHEINEE AR T scatter M gather MITNHE. 7 mpidpy H, BN =FEAA Alltoall
SR -

e comm.Alltoall (sendbuf, recvbuf) :
e comm.Alltoallv (sendbuf, recvbuf) :

e comm.Alltoallw(sendbuf, recvbuf) :

3.17.1 WA, . .

FERNHFFH, FATKES mpidpy EMTSEI comm. Alltoall By - FATE X THREREIRESE,
FEA] DATEAE PRI E R A 5 . = B SR 104 -

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 (sizexa_size,dtype=int)




comm.Alltoall (senddata, recvdata)
print (" process sending receiving " % (rank , senddata , recvdata))

B, BRI RS, BT

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

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

3.17.2 {1 . ..

comm.alltoall F{EFF task 5 FUH sendbuf BIEEINAT 58 I E| task i H recvbuf B INSR (FRlcE
WIS R A EH —— XN, KEE R AN SRS ——X N, 8 -

NEA IRIRIX A AR AR -

P, 0 1 2 3 4 O 0O O o0 o
P, 0O 2 4 6 8 1 2 3 4 5
p Alltotall

., 0 3 6 9 12 # 2 4 6 8 10
P, 0 4 8 12 16 3 6 9 12 15
P, 0 5 10 15 20 4 8 12 16 20

The Alltoall collective communication

MBEFEATAT IR 2

cPOEEEIE01234], THOWMELED, 1ZAHEPL, 24 HEP2, 3EAHEPS, 4%
TR P4 .

o DUHSRHE. ...

3.17.3 TMRHEZ

All-to-all T FLE LM i 2B AH - SXMERIEL T AT AR T REIET, ol Bt 25, JEREACHE,
FEAHER? LU — LB 22 /Y Join R 1F -

3.18 TRI{LERIE

[f comm.gather —#f, comm.reduce B —14H, B— 1 TEE—MHROEA, REERE—1E
H, B—PIUE LR, REZ root HE . BIHEITETEE T RIS -




FE mpidpy F, FATRREICERIERE LT

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

ﬁﬁ%%@%ﬁ%%, ﬁiﬁ/l\;}ﬁ op M comm. gather 7T<|§J, Eﬁi%ff(*ﬁﬁjﬁﬁﬁﬁﬁiﬂ/ﬁ;‘%f/ﬁ mpidpy
BERAEE LT —RINREIERIE, Hh—2aT.

» MPI.MAX : IREIHRAKHITTE

« MPI.MIN :iRER/NAITLE

e MPI.SUM: X FPHITTEAENN

« MPT.PROD : X fiTE TLE R

+ MPI.LAND : X T LR IHITIZHERIE
e MPI.MAXLOC : IREHAME, DLIIHEERIHERE
¢ MPI.MINLOC : IREFH/IME, PAMIHE ERIHRE

3.18.1 W fi. ..

BAE, FfiTH MpI.suM LA — RS RATHINA0ERAE . B—DIRR4E— DRI 3 BEEH, FATH
numpy /X LEA.

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 (size,dtype=numpy.int)

print ("process sending " % (rank , senddata))
comm.Reduce (senddata, recvdata, root=0, op=MPI.SUM)

print ('on task', rank, 'after Reduce: data = ', recvdata)

HATHERAAREECY 3 HozfT, ST RIBEN AR/ . B rsRm T

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 = [ 0O 6 12]

3.18.2 "}t

N TVE AR AL IERIE, 1 comm.Reduce 1EA], HHEHE recvbuf B rank IXE N 0, recvdata
RETRERITTELR:

’comm.Reduce(senddata, recvdata, root=0, op=MPI.SUM)




FAM op = MPI.SUMIET, RAEFTERIF LR HSRAERE . TEFR XM PIR

sendbuf reduction

MPI.SUM
recvbuf

P, 0 2 4 wmmm)p 0 6 2 P

P, 0 3 6

The reduction collective communication

BAERE AT
o R PO & HIEHEEEH [0 1 2]
o R P1 & HIEUREUH [02 4]
o R P2 & HIEEEEUH [0 3 6]

I IRIER R task 5 1 DICEMN, REHEE] PO #HEREE i MLET - FEREERIES . Po IEIEURE
[0612].

(B MBI REA R EE)

3.19 afl fL AL T

bR MPL IR R — VA BIIGE - ETFATR, PrE@EEDRE (Rxf meiEd) #ER—HtRE. BT—H
EREE AR MPT_coMM_wOoRLD H . ‘N R/NAnKLEFHKE M HEREDE 0 - n-1 K)—rank . (B
5, MPIRVFEA T IB(E 0 BLEIIRTT - EO AN FRAREE SC T FFE BIPRZE 0 ED « SX AL AT LUR R T
PERE . SEFp L, WARMWEENIRTS, MBI RS HEUEITERE, WM AIERE-

Bitn, R RN, TS B A S FERIA B A2 F B0 B A S HAL T A . R T HEREIE
24, BN TR T E ST . MPHE BEP RUEESTIGTN . 55— MO E BRI, TR &
AT AOIEEE (TR RO D . ELERORDE, 7R RO T, Bl T TR BB A I (0 AR SR o AT
;%gﬁf;%%,ﬁﬁ?ﬂ&@@%ﬂﬁﬁﬁ%%ﬁm:W%,%%,%%%%o%?@@ﬁfm%%
QR T FT

comm.Create_cart ( (number_of_rows,number_of_columns))

EE, number_of_rows 0 number_of_columns ?E%TWT@E"]???U@ °

3.19.1 Wfrf. . .

FETEFTH, BARERRWFSEE—D M x N B8 R/RETN . FR, BATHE LT — R LR RER T
P N EC (0P



from mpidpy import MPI
import numpy as np

UP = 0
DOWN = 1
LEFT = 2
RIGHT = 3
neighbour_processes = [0,0,0,0]
if name_ == "_ main_ ":
comm = MPI.COMM_WORLD
rank = comm.rank
size = comm.size
grid_rows = int (np.floor (np.sgrt (comm.size)))
grid_column = comm.size // grid_rows
if grid_rows*grid_column > size:
grid_column -= 1
if grid_rowsxgrid_column > size:
grid_rows —= 1
if (rank == 0)
print ("Building a %d x %d grid topology:" % (grid_rows, grid_column) )
cartesian_communicator = comm.Create_cart( (grid_rows, grid_column),
—periods= (True, True), reorder=True)
my_mpi_row, my_mpi_col = cartesian_communicator.Get_coords( cartesian_
—communicator.rank )
neighbour_processes[UP], neighbour_processes[DOWN] = cartesian_communicator.
—Shift (0, 1)
neighbour_processes[LEFT], neighbour_processes[RIGHT] = cartesian_communicator.
—~Shift (1, 1)
print ("Process = %s row = %s column = $%s —-—-—--> neighbour_processes[UP] = 3%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]))

BATLL L REER R T

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] =-
neighbour_processes[RIGHT]=1

Process = 1 row = 0 column = 1 ————>
neighbour_processes|[UP] = -1
neighbour_processes [DOWN] = 3
neighbour_processes[LEFT] =0
neighbour_processes [RIGHT]=-1
Process = 2 row = 1 column = 0 ————>
neighbour_processes[UP] = 0
neighbour_processes[DOWN] = -1
neighbour_processes[LEFT] =-1
neighbour_processes[RIGHT]=3

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




neighbour_processes [RIGHT]=-1

STR—HE, W REEE R neighbour_processes = -1, A EEIET RS, B,
neighbour_processes ERRIEHIHE -

3.19.2 it
BEHFRNE 2x2 BIRDIRGER, K/Nh4, FoSfes—Fre.

grid_rows = int (np.floor (np.sqgrt (comm.size)))
grid_column = comm.size // grid_rows
if grid_rowsxgrid_column > size:
grid_column -= 1
if grid_rowsxgrid_column > size:
grid_rows —-= 1

IRIE, SESLHE RIRIRTH:

cartesian_communicator = comm.Create_cart( (grid_rows, grid_column), periods=(True,
—True), reorder=True)

HId Get_coords () ik, FATATLARAE — DERERIALR:

my_mpi_row, my_mpi_col = cartesian_communicator.Get_coords( cartesian_communicator.
—rank )
ETERFEFNAT L T BIERR:

The virtual mesh 2x2 topology

3.19.3 TMRHEZ
WEEAT]— A M x N FERRAEN, Bi1EEw T,



cartesian_communicator = comm.Create_cart( (grid_rows, grid_column),

periods=(True,

—True), reorder=True)
B NN B

C:\>mpiexec -n 4 python VirtualTopology.py
Building a 2 x 2 grid topology:
Process 0 column = 0
neighbour_processes[UP] = 2
neighbour_processes [DOWN] = 2
neighbour_processes[LEFT]
neighbour_processes [RIGHT]=
Process = 1 row 0 column = 1
neighbour_processes[UP] = 3
neighbour_processes [DOWN]
neighbour_processes[LEFT]
neighbour_processes [RIGHT]
Process = 2 row 1 column = 0
neighbour_processes[UP] = 0
neighbour_processes [DOWN]
neighbour_processes[LEFT]
Process = 3 row 1 column = 1
neighbour_processes[UP] = 1
neighbour_processes [DOWN]
neighbour_processes[LEFT]
neighbour_processes[RIGHT]=

0 row —_—>

=1
1

=3 neighbour_processes[RIGHT]=3
————>

N T P

The virtual toroidal 2x2 topology




CHAPTER 4

4.1 N4

BR T AT MF AT AT IR 2 51, i A S AR, IR PR, X EEFIRE R R - 7P
HEERBT R AT U — N — RSN, AR D AR O R HIBTT -
EHLZPITHRRDEI G, FEESFWFBAER N E% L, rEESHH - M ERIRIT (8%
) o ESFIHITATREBCE E UK, PR X B R EARRE & BT HANAESS - T AR A AT LUE 2
HFEX MR -

Task 1 Task 2 Task 3

Time

Asynchronous programming model

W EEPTR, % CRRIPEIERRANFEES) ATREREMESEA, ERELER - IERET - XK
B, HE-MESHITHIRME, HAMESBWEET - SSERHERPRAN— A FR, ZHRIEHER
TERGIEAERT A2 b AT 4 B B R E NSRS RN ED), MAERDHAER S, BF ROHER%
2 A BEAE (AR (R B AR AR e -

R A AT LIRHESS I 5 BT 2 AT LURI R AT R NP BRI XRERE IR — MESHER — MES R, I
DAL SS TR CE BRI o
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4.2 ffiFPythoni] concurrent . futures &Ik

Python3.27 ¥ | concurrent.futures ¥R, X PMRREFEEMMMAREN - BHEFTREES - LM
FETEERIHITIRR - AR R P& ThEE -

AR SR DL BB 3 2H A
e concurrent.futures.Executor: ﬁ%—/l\ﬂfiw\%éé, T%1§Tﬁﬁ?ﬂﬁ‘ﬂ/‘]ﬁfj& °

» submit (function, argument): VERE (RN S) BHUT, ¥ argument 1ENSEE
N

* map (function, argument): 5{% argument TERSEBITEREL LLRP .
* shutdown (Wait=True): R HUEHITERBRBTE BIRES -

» concurrent . futures.Future: HHEFEREPIFHHAT - FutureX 2 Esubmitft:55 (RIHH 5%
Hffunctions) %executorftSEf -

Executor2 MR K, FILUENLTRUF, AIERESHIEN) ExecutorPools « Ky, RARSREAISLHIRMK
T BHRAESS . BT UERST DLt TR =CR A T2HZAE—E . /E ] L flauncherBlexecutor «

4.2.1 FHZEEAHERD

LREI BT MR F TR P P IR AN ] (S RE A RE A B - i, 1R ] AR AZ HE 55 % executor -t FH Y
R, —ERRENEHIAS, FRCE R RITRIES: Aok —RIIRREESERE, HTHTXe
ES5 - WIS EZERE Y TEM: RS E S a AN L REH . Bl 1o elgstE
FIHAERIT R, Rm T REFPIERE . EAANRLAAHN, (B R AR A E 2R .

Task Queue

- (OOIOIOIO

Task Completed

Pooling management



4.2.2 W TIE
current .Futures BRHRFEHE T A Executor MFE, & BMIVEBIE—MEER— D HED . XA
TR A2

e concurrent.futures.ThreadPoolExecutor (max_workers)

e concurrent.futures.ProcessPoolExecutor (max_workers)

max_workers ZHFRRLH L /D MworkerHF AT HUATIES -

4.2.3 . ..
N RRECH IR TR AR A DI RE - X EAIESS 2. 45— Plist number_list . EE1E]10-
SHlist B — T, FeLl1+2+3. .. +10000000fF1 (GXMESS HA2E N T IEFERTE]) -
NHEAACRS 7 AN T

o JFFERAT

o JEH S5 worker IR AT

o 18IS H 5 worker I FE HEEAT T

(BB ORISR, X NG H A RS LUGETEE R B IUS I, 0. KT HIUES2T B
FEFEISER] #16 , B @Microndgt $H) RABWT: -
import concurrent.futures
import time
number_list = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
def evaluate_item(x) :
# RS, XE RN TIHFER A
result_item = count (x)
# FTENH AT 25 5=
return result_item
def count (number)
for i in range (0, 10000000) :
i=i+1
return i » number
if _ name_ == "_ main_ ":
# NPT
start_time = time.time ()
for item in number_ list:
print (evaluate_item(item))
print ("Sequential execution in " + str(time.time() - start_time), "seconds")
# SRR MHAT
start_time_1 = time.time ()
with concurrent.futures.ThreadPoolExecutor (max_workers=5) as executor:
futures = [executor.submit (evaluate_item, item) for item in number_
—list]
for future in concurrent.futures.as_completed (futures):
print (future.result())
print ("Thread pool execution in " + str(time.time() - start_time_1), "seconds
—")

# R
start_time_2 = time.time ()



https://github.com/laixintao/python-parallel-programming-cookbook-cn/issues/16
https://github.com/laixintao/python-parallel-programming-cookbook-cn/issues/16
https://github.com/Microndgt

with concurrent.futures.ProcessPoolExecutor (max_workers=5) as executor:
futures = [executor.submit (evaluate_item, item) for item in number_
—list]
for future in concurrent.futures.as_completed (futures) :
print (future.result ())
print ("Process pool execution in " + str(time.time() - start_time_2),
—"seconds")

BATIX MU, FATAT LB ST R AR

$ python3 pool.py
10000000

20000000

30000000

40000000

50000000

60000000

70000000

80000000

90000000
100000000
Sequential execution in 7.936585903167725 seconds
10000000

30000000

40000000

20000000

50000000

70000000

90000000
100000000
80000000

60000000

Thread pool execution in 7.633088827133179 seconds
40000000

50000000

10000000

30000000

20000000

70000000

90000000

60000000

80000000
100000000

Process pool execution in 4.787093639373779 seconds

4.2.4 i

FATANE T — MistER 0N 8FE, KRG H—MEPRTE M 1110000000, FTEIHFIS number list B
TR o

def evaluate_item(x):
# ITREA, XEHIERN T IHFER R
result_item = count (x)
# FTEN 5 N\ H A R
print ("item " + str(x) + " result " + str(result_item))




def count (number)
for i in range (0, 10000000) :
i=i+1
return i * number

FEEERFD, FAVEERFHRTE T —EF: -

if name == "__main_ ":
# NFFHAT
start_time = time.clock ()
for item in number_ list:
evaluate_item(item)
print ("Sequential execution in " + str(time.clock() - start_time), "seconds")

NG, BAMFEA T futures.ThreadPoolExecutor BRI T —Ik.

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")

ThreadPoolExecutor AR F I — MURITHENES - W —HAESMERE, §— RN
FRE—MESREPTE . HESPITER, FAEHERH—MES -

HPTRRMESIUTSERUR, TTET T ERE:

print ("Thread pool execution in " + str(time.clock() - start_time_1), "seconds")

G, BA1XH ProcessPoolExecutor Ml | —IRFEF:

with concurrent.futures.ProcessPoolExecutor (max_workers=5) as executor:
for item in number_list:
executor.submit (evaluate_item, item)

Y1[F] ThreadPoolExecutor —Ff, ProcessPoolExecutor f&—Texecutor, 1#H— LM FHIT
HATHESS - SR, # ThreadPoolExecutor AFAHA&Z, ProcessPoolExecutor [ T Z A FE AT
B AT DIANSZGILRIRR #, K RUEE TS ] -

425 TRHEZ

JLP P ZAL T Z A& i B SR ARSS R & (0 - SR, t0F — S8R F BERAES5 7% AL BT,
B ERMES AR B2 IR, AR OLT, AR — M Ee ks .

4.3 ¥ Asyncio® H HH-1FER

Pythonf{JAsynciof RS2 it T B H A - hiE - (RS ML TTE, VIRE H LR R -t
BRI A

o BHIEES: FEAsynciol iR, BE—PIARERAE — D EIFIEER -

o R SXETREFINZ WG - PAEERT UERIT AR (2, SXRERL T AR R ANIROAL B (fl4n10) 52
25, IR (& f 7 K ST -

o Futures: ' X T Future %%, M concurrent.futures HEH—F:, FTRERZHRIITE -




o Tasks: iX&Asynciof) 7K, HTHEMEE TR TIMHE -
AT EAICES, FXE, RPREN TP, FHLHESE . RARENERTERST -

4.3.1 A REMHIER

HETREAGH, AU EREFRSSARI MR, AR TR MR SE R A B A P - s, B L5
=7 SRR TERS . EER R EETENE, ERENEFSITE P AMEIMT, BEREFL
AERIFRFENTREIAS |, 2 EEAR =S WA, A AN BB A PR . B, B TPTLOE
i T A O AR R R AR

while (1) {
events = getEvents();
for (e in events)
processEvent (e) ;

}

FrE HIRS [BI#BE while TEEAFPHHIE, MG FIAL T 03 o FAFALBRAER 72 ROTME— IR ERAOER 7,
LR, FRRSE T — D F

4.3.2 HERTIE

Asynciof@ it T —F T EERE T EHIEEL
e loop = get_event_loop (): 58| Y H b N XRISEHEELR .

e loop.call_later (time_delay, callback, argument): JEJ5F time_delay o H AT
callback fi{£.

* loop.call_soon(callback, argument): E\’Efﬁﬁ‘f;@ﬁ]ﬁﬁ callback, call_soon () [Zli’ifl?ﬁﬁ,
FEAEMINFEHEIAZERE2 S LA callback -

e loop.time (): PhfloatZE B3R [B] 2 Fifisf (B JEEAAY A RIS [A] -

* asyncio.set_event_loop(): FEE] BTN O EEHEEL -

* asyncio.new_event_loop () : MRIFILAME QI — T AOES RIFEEAH R H] -
e loop.run_forever (): FEA stop () ZEE—EIBTT -

4.3.3 W4, ..
TRIEIB A, Bl TR a0 3 AsyncioE 32 L AR (IR ER Bl Rsb R 5t A R P -

import asyncio
import datetime
import time

def function_1(end_time, loop):
print ("function_1 called")
if (loop.time() + 1.0) < end_time:
loop.call_later(l, function_2, end_time, loop)
else:
loop.stop ()

def function_2 (end_time, loop):
print ("function_2 called ")




if (loop.time() + 1.0) < end_time:
loop.call_later(l, function_3, end_time, loop)
else:
loop.stop ()

def function_3(end_time, loop):
print ("function_3 called")
if (loop.time() + 1.0) < end_time:
loop.call_later(l, function_1, end_time, loop)
else:
loop.stop ()

def function_4 (end_time, loop):
print ("function_5 called")
if (loop.time() + 1.0) < end_time:
loop.call_later(l, function_4, end_time, loop)
else:
loop.stop ()

loop = asyncio.get_event_loop ()

end_loop = loop.time() + 9.0
loop.call_soon(function_1, end_loop, loop)

# loop.call_soon (function_4, end_loop, loop)
loop.run_forever ()

loop.close()

BITERINT: -

python3 event.py

function_1 called
function_2 called
function_3 called
function_1 called
function_2 called
function_3 called
function_1 called
function_2 called
function_3 called

4.3.4 i

FEEANFITH, BAVELT =ZARPHIES, HAIT, ATEFRIIRE -




Task 1 Task 2 Task 3

Time

Task execution in the example

B, BAIEBRXADEAIES.

loop = asyncio.get_event_loop ()

RIGEAN T call_soon F¥EWA T function_1 () HKEL-

end_loop = loop.time() + 9.0
loop.call_soon(function_1, end_loop, loop)

WFATRE—T function_1 () HIEXL: :

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 ()

XA R EGEE LU 2RCE LT AR

e end_time: X T function_1() AILLBEFTHI R KA, FHiEiT call_later HEFE AT
function_2 () FIENZHL

» loop: ZHIE get_event_loop () FTIEEEIFIEHIEER
function_1 () PMESIEFEE R, HSITHHEELT - 48, BB UEIEFEZMHEE-

print ("function_1 called")

EFEHITERZIE, BRI loop. time () +IsHIEZERNEITHIE], WREE#BE, FH call_later
T Z JFHAT function_2 () -

if (loop.time() + 1.0) < end_time:
loop.call_later(l, function_2, end_time, loop)
else:
loop.stop ()

function_2 () Fl function_3 () FIERZEML-
R BITRIR A T8E, BEEERL L -




loop.run_forever ()
loop.close()

4.4 ¥ AsyncioEH 2

£ LESCGRBINE T, BATER S - MREFEERAMBERE, FEUP TR, § 80 LIRE
MRS E DN R - TR AGEAMIT, REEEZRFIER T, ERFASEHRERES DT
Y- MR TRFIZML . FITFRF—H0E, REAMFTITREES—F; MTEF A —HIE,
EICE ERFFARMSTHE . XREAIRED EEEEAE &, WERMREATITRMAEN . £
R, BT R USRS, AT U Z BT EER 00 SR B AT - B PRI AT LU A EITH B BT —
MES, HEIERE(yiel)HITI, RFEfT T, ZIREMEHT T £ -

XA A B SRR B OO AR E RS . ERFSLEETR MTREF AT EN] -
R AN — LB BT

o MERTLIEZ ML, FHAT LlyieldZ X

o PMEERT LR BT RS 4 Lt b 2

yieldZ R IMEAEILE T, I B HUTEC S AR - IR AT LURHE S S — 2 L 2 245 7 — 1 i
e, PFrlAeyield—METMFRRHER S T — M HUTHIAR -

4.41 WRFTAE

] AsynciofE XD FEARH T 8, A E— 1 3eiiigs Bl Al

import asyncio

@asyncio.coroutine
def coroutine_function (function_arguments) :
# DO_SOMETHING

4.4.2 WAL ..

EXNFFH, FATRE 2R 5 B Asyncio B PR FE R IUE BRARSHL - B FRAIRZSHL(finite state machine or
automaton, FSA)& — AR, NMUE TSN AT Z, ER2SEMRES, Flangesfmit a2
& o BAEEHAPIRSHLA T B FR:




Finite state machine

ELEA, ATUEEIFATRSCE S1, 82, 83, S4 TR, 0 A1 1 2 RASHLAT UA— RS EN 75— RS R
B XM - FlinEARSER S, A O9IRnHE, S0 /T IR HE] S1, = HUOMORIIS i,
SO AT LI HLE] S2 PythonfRFSANTN, IRHES S0 IFia, UM IR . R/5E) sS4, M ZHCRE -

# Asyncio Finite State Machine
import asyncio

import time

from random import randint

@asyncio.coroutine
def StartState():
print ("Start State called \n")
input_value = randint (0, 1)
time.sleep (1)
if (input_value == 0):
result = yield from State2 (input_value)
else:
result = yield from Statel (input_value)
print ("Resume of the Transition : \nStart State calling " + result)




@asyncio.coroutine
def Statel (transition_value) :

outputValue = str("State 1 with transition value = %s \n" % 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 State2 (input_value)
result = "State 1 calling " + result

return outputValue + str(result)

@Qasyncio.coroutine
def State2 (transition_value) :

outputValue = str("State 2 with transition value = %s \n" % transition_value)
input_value = randint (0, 1)
time.sleep (1)
print ("...Evaluating...")
if (input_value == 0):
result = yield from Statel (input_value)
else
result = yield from State3 (input_value)
result = "State 2 calling " + result

return outputValue + str(result)

@asyncio.coroutine
def State3 (transition_value) :

outputValue = str("State 3 with transition value = %s \n" % transition_value)
input_value = randint (0, 1)
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 ("...Stop Computation...")
return outputValue
if _ name_ == "_ main_ ":
print ("Finite State Machine simulation with Asyncio Coroutine")
loop = asyncio.get_event_loop ()
loop.run_until_complete (StartState())

BTG, BAOTTUBZIRCILI T EL (GFE, BT8R, XENEEBITH=RER)

$ python3 coroutines.py
Finite State Machine simulation with Asyncio Coroutine
Start State called

...Evaluating...




.Evaluating...
.Evaluating...
.Evaluating...
.Evaluating...
.Evaluating...
...Stop Computation...
Resume of the Transition
Start State calling State 2 with transition value = 0

State 2 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 2 with transition value = 1
State 2 calling State 3 with transition value = 1
State 3 calling End State with transition value =1

$ python3 coroutines.py
Finite State Machine simulation with Asyncio Coroutine
Start State called

...Evaluating...

...Evaluating...

...Stop Computation...

Resume of the Transition

Start State calling State 2 with transition value = 0
State 2 calling State 3 with transition value = 1
State 3 calling End State with transition value = 1

$ python3 coroutines.py
Finite State Machine simulation with Asyncio Coroutine
Start State called

.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 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

4.4.3 iR

B P ARHR 28 22

’@asyncio.coroutine

Flan, S0 HIE LA FR:



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

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

81T random A randint (0, 1) EEER T input_value BUE, HRE T F—TEEHIRAS . thREL
BELAE B 1E8O:

input_value = randint (0, 1)

5% input_value FIEZ G, @i yield from i @WHAT—ME-

if (input_value == 0):

result = yield from State2 (input_value)
else:

result = yield from Statel (input_value)

result & N —DMHRERE Hstring, XFEHAETH R M55 mE AT LAEHs & T Rd AR -

ISR S ESIEZN DML

if name == "_ main_ ":
print ("Finite State Machine simulation with Asyncio Coroutine")
loop = asyncio.get_event_loop ()

loop.run_until_complete (StartState())

4.5 1 FH Asyncio#HlE5S

Asynciox%ﬁﬁ%ﬂ*@%ﬁ‘ﬁﬂﬁjE"]Eﬁiﬁﬁz%ﬂ#ﬁ@%mﬁ% o BILRRMET asyncio.Task () K, ATLIFE
SRR . ERERR. fER—FE00EEA T 27 HE— MES RN o] DUF Z #2172 MESS - Lt
BWEEEST, B2 B RESMEBEAIEINEEER, AEHENERIRE, 25 83hHET - X
Sefit T — ALl B R sh I RE AL -

4.51 W& TIE

AsynciofEH W HATHE M T asyncio.Task (coroutine) FiERAEITEALS, T LLUHE DRI
1T o ARSI ER RS HIEARIHAT R T - R EEIDIEZE Mfuture yield, IRAESZSSHIERL, &
Frfuture T HE G R

Hfuturelt B 5EAL, BAEMIIER S E S futureiR B )5 R FH  (exception) PREEHUUT - AN, FEER
He, BHES—R RGBT —MES, RIECEEEEHEAEAFPEERTET, WESAH AR
FMEAMAESZ AT . A — MESESE Ffutare UTHIHAE], FHIEASBIT— NHIES -

mwn

Asyncio using Asyncio.Task to execute three math function in parallel
mmn

import asyncio
@asyncio.coroutine




def factorial (number) :

f =1

for i in range (2, number + 1):
print ("Asyncio.Task: Compute factorial (%s)" % (1))
yield from asyncio.sleep(l)
f x=1i

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

@Qasyncio.coroutine
def fibonacci (number) :
a, b =20, 1
for i in range (number) :
print ("Asyncio.Task: Compute fibonacci (%s)" % (1))
yield from asyncio.sleep(l)
a, b=>b, a+b
print ("Asyncio.Task — fibonacci(%s) = %s" % (number, a))

@Qasyncio.coroutine
def binomialCoeff (n, k):

result = 1
for i in range(l, k+1):
result = result = (n-i+1) / i
print ("Asyncio.Task: Compute binomialCoeff (%s)" % (1))
yield from asyncio.sleep (1)
print ("Asyncio.Task - binomialCoeff(%s , ¢s) = $s" % (n, k, result))
if _ name_ == "_ _main_ ":
tasks = [asyncio.Task (factorial (10)),

asyncio.Task (fibonacci (10)),

asyncio.Task (binomialCoeff (20, 10))]
loop = asyncio.get_event_loop ()
loop.run_until_complete (asyncio.wait (tasks))
loop.close ()

4.5.2 4. ..

FEFEREF, FARBR T =AU Asyncio. Task () HAHITHIECEREL -
BITHIEE R

python3 task.py

Asyncio.Task: Compute factorial (2)
Asyncio.Task: Compute fibonacci (0)
Asyncio.Task: Compute binomialCoeff (1)
Asyncio.Task: Compute factorial (3)
Asyncio.Task: Compute fibonacci (1)
Asyncio.Task: Compute binomialCoeff (2)
Asyncio.Task: Compute factorial (4)
Asyncio.Task: Compute fibonacci (2)
Asyncio.Task: Compute binomialCoeff (3)
Asyncio.Task: Compute factorial (5)
Asyncio.Task: Compute fibonacci (3)
Asyncio.Task: Compute binomialCoeff (4)
Asyncio.Task: Compute factorial (6)
Asyncio.Task: Compute fibonacci (4)
Asyncio.Task: Compute binomialCoeff (5)
Asyncio.Task: Compute factorial (7)




Asyncio.Task: Compute fibonacci (5)
Asyncio.Task: Compute binomialCoeff (6)
Asyncio.Task: Compute factorial (8)
Asyncio.Task: Compute fibonacci (6)
Asyncio.Task: Compute binomialCoeff (7)
Asyncio.Task: Compute factorial (9)
Asyncio.Task: Compute fibonacci (7)
Asyncio.Task: Compute binomialCoeff (8)
Asyncio.Task: Compute factorial (10)
Asyncio.Task: Compute fibonacci (8)
Asyncio.Task: Compute binomialCoeff (9)
Asyncio.Task - factorial(10) = 3628800
Asyncio.Task: Compute fibonacci (9)
Asyncio.Task: Compute binomialCoeff (10)
Asyncio.Task — fibonacci(10) = 55
Asyncio.Task - binomialCoeff (20 , 10) = 184756.0

4.5.3 118

TEXNFIFH, BITEXLT Z1W#, factorial, fibonacci fl binomialCoeff , H— 1T HEH
asyncio.coroutine ECIERS

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

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

@asyncio.coroutine
def binomialCoeff (n, k):
do Something

AT REHTHIITX=MES, BN REBE—PaskflistF:

if name == "_ _main

tasks = [asyncio.Task (factorial(10)),
asyncio.Task (fibonacci (10)),
asyncio.Task (binomialCoeff (20, 10))]

BRIEIFEER.

’loop = asyncio.get_event_loop ()

RIFIBTHES:

’loop.run_until_complete(asyncio.wait(tasks))

XH, asyncio.wait (tasks) FaialTHEINE LS E MR SER -
w5, RAEHIEER.

’loop.close()




4.6 f¥FAsynciofFutures

Asyncio R A — N EHEEWEHME Future £ - BHM concurrent.futures.Futures R, (H
72 ¥ 4 Asynciof) H A E A TR L €l - asyncio.Futures R FILERFTEMAIER (Bl —
“MException) - FTLAZRARUL, ER—MME, REBELEEMZHEE -

SKFR L, bR — BESE SR A (B BRI A B T X S

4.6.1 HERTIE

ZEAsyncio B Future , WUUHTT LT A EH:

import asyncio
future = asyncio.Future ()

YN OPIRC=E
e cancel (): BUHfuture 0T, VB2 [E] ) R £
 result (): RE future XK AILE R
» exception (): IR ElfutureH AJException
* add_done_callback (£n): #II—EIVEREL, = futare T AR5 28 X A [ R %L
e remove_done_callback (fn): M“call whten done”%| 3 FRFZER AT callback I SE )
e set_result (result): FfutureFr HHUTTEM, F+ X EresultE

+ set_exception (exception): Ffuturebr WHATIER, F % E Exception

4.6.2 tnfArfiL. ..

THEHBIFFRRT Future ZE2UAIEE R MIER, F— 2 first_coroutine WWHEBIn M,
B HFE second_coroutine AN, IR

# —*— coding: utf-8 —x-—

mwn

Asyncio.Futures - Chapter 4 Asynchronous Programming
mmn

import asyncio
import sys

@asyncio.coroutine
def first_coroutine (future, N):

o B SRR
count = 0
for i 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))

@asyncio.coroutine

def second_coroutine (future, N):
count = 1
for i in range(2, N + 1):




count *= 1
yield from asyncio.sleep(3)
future.set_result ("second coroutine (factorial) result = " + str(count))

def got_result (future) :
print (future.result())

if name == "_ _main_ ":
N1l = int(sys.argv[l])
N2 = int(sys.argv[2])
loop = asyncio.get_event_loop ()

futurel = asyncio.Future()
future2 = asyncio.Future ()
tasks = [

first_coroutine (futurel, N1),

second_coroutine (future2, N2)]
futurel.add_done_callback (got_result)
future2.add_done_callback (got_result)
loop.run_until_complete (asyncio.wait (tasks))
loop.close ()

g

$ python asy.py 1 1

first coroutine (sum of N integers) result =1
second coroutine (factorial) result = 1

$ python asy.py 2 2

first coroutine (sum of N integers) result = 3
second coroutine (factorial) result = 2

$ python asy.py 3 3

first coroutine (sum of N integers) result = 6
second coroutine (factorial) result = 6

$ python asy.py 4 4
first coroutine (sum of N integers) result
second coroutine (factorial) result = 24

10

4.6.3 it

TEEEFEFR, FATEITE X futureT SRR RE—HT:

if _name_ == "_ _main__ ":
futurel = asyncio.Future()
future2 = asyncio.Future ()

€ X tasksHIRTEE, Bfuture X FAE N EHEAMES:

tasks = [
first_coroutine (futurel, N1),
second_coroutine (future2, N2)]

G, III—1 future PUTH HOE VK5

def got_result (future):
print (future.result ())




FEFAE Afuture IR, ETHEZJE AT BIRIN T 3~ 4sHBEIRY 8]

’yield from asyncio.sleep(4)

RIE, BA TR futurebr HFERL, BT future.set_result () WELER.

46.4 TAEZX
A IRIEAR AR, PhFE24 1 E RS S .

$ python asy.py 3 3

second coroutine (factorial) result = 6
first coroutine (sum of N integers) result
$ python asy.py 4 4

second coroutine (factorial) result = 24
first coroutine (sum of N integers) result = 10

Il
[e))




CHAPTER B

FHE Mz Pythondwte

5.1 44

A AT B EAR BAR R — P RAES P EUKIL A MESS, S st PRI BALE B - DA
RIS, DRI B AN GBBMSER - AEFmp i) - it fR 2 m Ll
A RPER RN P 2R -

R FLXFIEOR 7= A B R A R R TR R (B, 555, e %) &St ik, oF
— DM AGEMFF I AR PR SR ARRIEARHTT AN, REEAMRE - Lhnl, WBE
IR HERE o T R A0 A AR FOANRI 85K, © AT LRGSR OTH AL - 10 B AR 2 f it — 4
HEZR, F— oAU AR B E: 2 (AR & 1T -

FATATCAUE, FAR AR AR [F] SR 0 2 RGCRESR LR R BRI R /D o B B IR 2 iR 55 2/ 7 i
B . B R LOEASF R RS T AN F BT BN L, 8 S B # AT SER A E - A TR — AR
RAIEER, Bl — MERESRORE TR fSUE o A B A ffles £, WM EETE - &P bR et
A A ) SEHLEE R AR R G AT ) | S E M RER (MR 5
E ) o RER A —EPythonfE B R LIRITBELEM - SRETA TSN HE—LHOOR 7 AR I FH 52
T 53 AR R, 40 Celery, SCOOP, Pyrod #l RPyC, /A —LL{ff T ARJTIERE, FI40 PyCSP
FDisco, Pythonfiit 2% ] MapReduce &7

5.2 ffifCelerySLHl oM LSS

Celery 72—~ Python 1EZE, FSREH ML HY, SBIEH MX SR AT . B RIEZ feature & 1] LA
FF 2 MES B — P RBPIT RS, & RESIE RIELR, HAEE R TT £ -

ZAEH Celery, FATFE T HJLMZEM:
o Celery B3R (FiE! | )

o — /M B HE (Message Broker) « 13X — ML T Celery HI—RIE 4, FHAFI5> 7 20 worker WA
THE - TS TR B IR LS A0 E BATHe o X Rl b (B AOTH B 6 7 RASEE 2 S0 A0, T 2 T 1] 7H
BRI, AR EMEN HENER .
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Messages awaiting dispatch
to a consumer

]|~

]

Broker

Publish

Producer

Producer waits until notified
by the broker it has more

Broker will only dispatch
more messages when the
consumer has space

\\
. Subcribe
~N

~N
~

Consumer sends an ack when
its consumed

The message broker architecture

Celery SCHHRZIH B, HH A2 RebbitMQ F Redis -

5.2.1 AT fiL. ..
%P Celery, FA17FE pip &

EUE PSS . AT LT A& %

’pip install celery

ZIa, BT

(MR AEE) |, BT BEEBFIE (AMQP)

SR RSB, FATE A RabbitMQ HRMuE B AT, X2 — 1 H 74 BB (a4

- RabbitMQ AR5 %1% Erlang 51, 2

F Open Telecom Platform(OPT) MEZE R FREERER M REILFS - Z2E RabbitMQ KB IRIN R -

. FEZ3E Erlang: http://www.erlang.org/download.html

2. F#EFHIZTT RabbitMQ Z4E25:  http://www.rabbitmg.com/download.html

NESERUE, LT RabbitMQ SR 5 FHERIAEL B 247 RIAT

E‘}:, ?‘Zmzitz% Flower ( http //ﬂower readthedocs.org/ ) , XR— 1T web FIESHEMEHTE f

GEETTIEM Celery — ¢, ZEMRATHIA:

’pip install -U flower

IRIE, BATRTRASEIE—F Celery RUZ 3, FEMrS1THiIA:

’celery ——version

o BN 3 BORRA HL R 3 50):

’4.2.1 (windowlicker)

Celery FJHIAARH R 8, MEREI—HE:


http://www.erlang.org/download.html
http://www.rabbitmq.com/download.html
http://flower.readthedocs.org/

Usage: celery <command> [options]

BoRHIECE T

usage: celery <command> [options]
Show help screen and exit.

positional arguments:
args

optional arguments:
-h, ——-help show this help message and exit
—-—-version show program's version number and exit

Global Options:
-A APP, ——app APP
-b BROKER, —-broker BROKER
——result-backend RESULT_BACKEND
——loader LOADER
—-—config CONFIG
——workdir WORKDIR
-—-no-color, -C
-—-quiet, -gq

-——— -— - - ———— Commands- —————-———————— ——— ————————————

celery worker
celery events
celery beat
celery shell
celery multi
celery amgp

+ Remote Control:
| celery status

| celery inspect —--help

| celery inspect active

| celery inspect active_queues

| celery inspect clock

| celery inspect conf [include_defaults=False]

| celery inspect memdump [n_samples=10]

| celery inspect memsample

\ celery inspect objgraph [object_type=Request] [num=200 [max_depth=10]]
| celery inspect ping

| celery inspect query_task [idl [id2 [... [idN]]]]

| celery inspect registered [attrl [attr2 [... [attrN]]]]
| celery inspect report

| celery inspect reserved

| celery inspect revoked

| celery inspect scheduled

| celery inspect stats

\ celery control —--help
| celery control add_consumer <queue> [exchange [type [routing_key]]]
| celery control autoscale [max [min]]




| celery control cancel_consumer <queue>
| celery control disable_events

| celery control election

| celery control enable_events

| celery control heartbeat

| celery control pool_grow [N=1]

| celery control pool_restart

| celery control pool_shrink [N=1]

\
\
\
\
\

celery control rate_limit <task_name> <rate_limit (e.g., 5/s | 5/m | 5/h)>
celery control revoke [idl [id2 [... [idN]]1]]

celery control shutdown

celery control terminate <signal> [idl [id2 [... [1dN]]1]]

celery control time_limit <task_name> <soft_secs> [hard_secs]

+ Utils:
| celery purge

| celery list

\ celery call

| celery result
| celery migrate
| celery graph

| celery upgrade

+ Debugging:
| celery report
\ celery logtool

Type 'celery <command> —--help' for help using a specific command.

522 TEHEZ%X

K Celery I ZHTT, AILAARIETED:  http://www.celeryproject.org/

5.3 T FH Celery Bl F 55

EARTH, FATR B R UAMER Celery B AIE—MMESS - Celery f&4Ht T NHEI T EERFHES:
 apply_async(args[, kwargs[, ...]]): RE—NMEFHER
s delay (xargs, *xkwargs): ZiE—MELHBEHRKET X, HEALFFZE —EHITEER
delay JIVEFREREJIE, FEN'ER MR E K E— A -

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

WREMFH apply_async B, REEXEE.

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

5.3.1 Wfaf4...
T35 LA 18 2 A B S BT — T 45


http://www.celeryproject.org/

# addTask.py: Executing a simple task
from celery import Celery
app = Celery('addTask', broker='amgp://guest@localhost//")
@app.task
def add(x, vy):
return x + y

BB

# addTask_main.py : RUN the AddTask example with

import addTask
if == '_ main__ ':

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

XEEALUT, RabbitMQ WRF 2L ZIF BENER, FrLlX BHATAFEF BN Celery ARSMFAI LT, &
EHTET LT

celery -A addTask worker loglevel=info

I AT

BN Seleziona Prompt dei comandi - celery -A examplel worker --loglevel=info

Hicrosoft Windows [Uersione 6.1.76011 -
Copyright (c? 20880? Microsoft Corporation. Tutti i diritti riservati.

C:uUsersslUtentesDesktop Python CookBook“Python Parallel Programming INDEE“Chapter 5 — Dist
ributed Pythonschapter 4 — codes>celery —A examplel worker ——loglevel=info L
[2015-85-30 14:49:11.374: WARNING-MainProcess] C:“Python33slibssite—packagess.celerysappssau =
orker_py:16l: CDeprecationlarning:

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

The pickle serializer is a security concern as it may give attackers
the ability to execute any command. It's important to secure
wour bhroker from unauthorized access when using pickle, so we think

that enabling pickle should require a deliberate action and not he
the default choice.

If you depend on pickle then you should set a setting to disable this
warning and to he sure that everything will continue working

when vou upgrade to Celery 3.2::

CELERY_ACCEPT_CONTENT = [’pickle’. ’'Jjson’. "msgpack’. *‘yaml’]

¥ou must only enabhle the serializers that vou will actually use.

warnings .warn{CDeprecationtarning{W_PICKLE_DEFRECATED)>
—————————————— celery@ltente-PC v3_1.18 (Cipater)

——— MW —————
F—— % %% #* —— Windows—7-6.1.7681-5P1

— % — MW ———

o ————————— [configl

o ————————— . app: tasks :Bx2a8df 2?8

- o ————————— .7 transport: amgp:/sguest i **@localhost 15672/
o —————————— .» results: disabled

— w*s% —— ¥ —— _3» concurrency: Z (prefork’

—  WMMMMAR ————

—— MMM ————— [queues 1

—————————————— . > celery exchange=celery{direct? key=celery
[tasks]

. exanplel.add

[20015-85-3@ 14:4%9:11,.512: INFO-/MainProcess] Connected to amgp://guest:*x@127_ A.0.1:5672-/
[2015-85-38 14:4%:11.688: INFO-MainProcess] mingle: searching for neighbors

[2015-85-30 14:49:12_621: INFO-MainProcess] mingle: all alone

[28015-85-30 14:49:12_648: WARNING-MainProcess] celeryl@Utente—PC ready.




He HANESSIFRAN]IRM pickle FFILTH . 7 LUE % — 22 23 & - pickle 1EREARIFFIL T
TE B h E AR R AR 77 EGE T B 7T LUK IR B 22 1) Python W R U MUK # 2 & £ 45155 RNEMRAAH
pickle , WNERABTESCPHEE K%, A L% E CELERY_ACCEPT_CONTENT & . #4EE A LUE#%. hup:
/Icelery.readthedocs.org/en/latest/configuration.html -

WAE, iEFATHIT addTask_main.py BIARERIT—MES:

C-xUzers-Utente~Desktop Python CookBook“Fuython Parallel Programming INDEX“Chapter 5 — Dist i
ributed Python~chapter 4 — codes>python addTask _main.puy_

e, B R & BOR

INFO/MainProcess] Connected to amgp:~/guest:»=@127_ @A.8.1:5672//
INFI*MainProcess] mingle: searching for neighbors

H INFO-MainProces=] mingle: all alone
[2815-85-308 1% :38. WARNING-MainProce=s=s ] celery@Utente-PC ready.
[2815-85-38 15:19: INFO-MainProcess] Recedived task: addTask.add[2c8af4c3-22%a—4a38-
2582-8d453h862ehAf 1
[2015-A5-30 15:19:43,_468: INFO-MainProcess] Task addTask.add[2cBaf4c3-92%a—4a38-9582-8d53b
B62ebdf 1 succeeded in Bs: 18
[2015-85—30 15:31:29.545: INFO-MainProcess] Received task: addTask.add[4b876fad4-18c7?7-4d%e—
abd-bBhd6f378edal
[2815-85-30 15:31:29_548: INFO-MainProcess] Task addTask.add[4bB76fa4-18c?—4d?e—%a6d-hBhd6
F378eBal succeeded in Bs: 18
[2015-0A5-30 15:31:42.148: INFO-MainProcess] Received task: addTask.add[fe3?1d19-aB89f-408a—
af 21—-d7f£79cdd??5 1
[2815-A5-38 15:31:42_144: INF0O-MainProcess] Task addTask.add[fe3?1d19-aB89f-480a—af21-d?Ff?
2cdd?75]1 succeeded in Bs: 18

FERJE—1T, ALERILERZI0, MBEAAIHE .

5.3.2 i

AT RE addTask.py X THIA - FERIFITHREH, BATGIET — Celery RN LH], REH
RabbitMQ ARSS1ENTH E .

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

Celery BREUSE— 25 &2 2 il module FI4F (addTask.py) B A2 &HERHENEE, — AT
ﬁfﬁﬁfﬁﬁ'ﬂ broker(RabbitMQ). 2R 5, HATFEHTES . B—MESUHH capp . task HKIE

XN AR B Celery $REA T WL s E ] LUB IR SS ISR « FE3EHAs/S T, BA1E LT worker AT LA
EI’JE% BATE—MESIRE R, FURIT R R

@app.task
def add(x, y):
return x + y

FEE _AMIAAF | AddTask_main.py ., BALET delay () AERAHES:



http://celery.readthedocs.org/en/latest/configuration.html
http://celery.readthedocs.org/en/latest/configuration.html

if _ name_ == '_ main___
result = addTask.add.delay(5,5)

iaf‘f 15_{/[\7?& Eapply_async( El"J— ﬁ%i‘%ﬁﬁ SGBUN apply_async ( ﬁ&ﬁmﬂu%ﬁ@ﬂﬁﬁ
HAESS AT -

5.3.3 TiRH %L

05 RabbitMQ 2 ECABL B AYIE, Celery A] LLENT amgp: //scheme Hi%#:

5.4 FFHSCOOP#H TRl FitH

Scalable Concurrent Operations in Python (SCOOP) J& — A & 1] Python AT EE, W LR IRIT IS

(Python ) Futures ) EIEFIEFETHET S EHUT . BET OMQ 284, it T —MiEsm REH
B Futures {7 /714 - SCOOP EEHIN ARl AT E, RATRER A ITE B4 8 BT KRE B 7 =
% -

TE¥ Futures 4> & 3X /7T, SCOOP 15 T Broker Fz\ 25 {4 .

worker
worker Worker origin
broker
. . worker
worker

The SCOOP architecture

JX/I\J\J;/? S0 Broker, Broker FIFTHE FITT &A@, 7E bTI]ZIEﬂFz:’?HJTE K. . Futures H 4 1~77 5.0
AN FH HOME R Broker B « X R 7 ik ARG IFRINEM T NI 5, MERER & - FSC E, Broker [
FHE’JI%‘—& JF& 1/0 , CPU ffHIR/N -

541 WEHITIE

SCOOP HIYRAHLAE https://github.com/soravux/scoop/ « 3XFERIKER AT :



https://github.com/soravux/scoop/

e Python >=2.6 or >=3.2

¢ Distribute >= 0.6.2 or setuptools >= 0.7
* Greenlet >=0.3.4

e pyzmq >= 13.1.0 and libzmq >= 3.2.0

¢ SSH for remote execution

SCOOP ZZ## Linux, Mac, 1 Windows ¥ - I Disco —FF, ‘ERLEIEL RIFFE SSH B, ML IER:
AT E L ERT DL R - B K SCOOP SR ML 31, LIS EK:  hitp:/scoop.readthedocs.org/en/0.
7/install.html -

£ Window _E72%¢ SCOOP , LA FH pip AL AT LA T

’pip install SCOOP

Bl BELAE SCOOP IR TR SIS A -

’Python setup.py install

5.4.2 WAL, . .

SCOOP WE [ RZEMH TR HYRIIIIGE, ATLFRRZFERZ B RIRENE « AR LIS R
BRENGIT - B AXDEER SRR AREE, EREARTH, RREBLHTIT -PEHRED
BEMRD R ER SCOOP . FHE LUTHE « il

import math

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

def evaluate_number_of points_in_unit_circle (attempts) :

points_fallen_in_unit_disk = 0
for i in range (0,attempts)

x = random ()

y = random ()

radius = math.sqgrt (x*x + y»*y)
#the test is ok if the point fall in the unit circle
if radius < 1
#1f ok the number of points in a disk is increased
points_fallen_in_unit_disk = \
points_fallen_in_unit_disk + 1
return points_fallen_in_unit_disk

def pi_calculus_with_Montecarlo_Method (workers, attempts):
print ("number of workers %i - number of attempts %i"
% (rkers,attempts))
bt = time ()
#in this point we call scoop.futures.map function
#the evaluate_number_of points_in_unit_circle \
#function is executed in an asynchronously way
#and several call this function can be made concurrently
evaluate_task = \
futures.map (evaluate_points_in_circle,
[attempts] * workers)
taskresult= sum(evaluate_task)



http://scoop.readthedocs.org/en/0.7/install.html
http://scoop.readthedocs.org/en/0.7/install.html

print ("$%i points fallen in a unit disk after " \
% (Taskresult/attempts))

pivValue = (4. x Taskresult/ float (workers * attempts))
computationalTime = time () - bt
print ("value of pi = " + str(piValue))
print ("error percentage = " + \
str((((abs(pivalue — math.pi)) = 100) / math.pi)))
print ("total time: " + str (computationalTime))
if _ name_ == "_ _main__ ":
for i in range (1,4):
# let's fix the numbers of workers...only two,

# but it could be much greater
pi_calculus_with_Montecarlo_Method (ix1000, ix1000)
print (ll ll)

BRI AL T

python -m scoop name_file.py

X BRSO AR

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%0ebf2, Sep 29 2012, 10:55:48) [MSC v.1600 32 bit (Intel)], API:
1013

[2015-06-01 15:16:32,685] launcher INFO Deploying 2 worker(s) over 1 host(s).
[2015-06-01 15:16:32,685] launcher INFO Worker d--istribution:

[2015-06-01 15:16:32,686] launcher INFO 127.0.0.1:1 + origin

Launching 2 worker(s) using an unknown shell.

number of workers 1000 - number of attempts 1000

785 points fallen in a unit disk after

value of pi = 3.140636

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
process is done.

[2015-06-01 15:17:36,896] launcher (127.0.0.1:59239) INFO
cleaning spawned subprocesses.

TRFATHEDD attempts AIYRECHT worker FOEE, AT DAFE S « BOKEFE -




Monte Carlo evaluation of m: counting points inside the circle

5.4.3 Wfafi. ..

AT AR LR R R R D TIEITE « B—MEH . evaluate_points_in_circle () BREFEHLAO AR
BIAERT (x, y) . RJEFIRTIL R T VAL B AL T AR N B A -

B Y FIMT R R AR R E A A5, points_fallen_in_unit_disk ZRAVEN 1. 2 ARG R AR
15, X MEFRS R EAARNERASAPRE . IMFEB TR pi ET . BELL, SEERNKSE
PRBERE /4, SXRE A EARFI R AL AR L] - [FR AR 7, BALERGE 4.

&5, BT EEERNPSFAEE taskresult , KPR E workers attempts R, AT
DGRl r / 4 WE, SARUMEIISREL r AT -

pivalue = (4. x Taskresult/ float (workers »* attempts))

SCOOP RN T :

futures.map (evaluate_points_in_circle, [attempts] * workers)

XATHE 2% SCOOP RFHHEEF N AB L AT A, HREWTELSR. ERFSH AN

evaluate_points_in_circle o

5.5 i#id SCOOP fH map &%

ZA0H Nist B HEABRTBIRFHIRT, —FIRE B IRER T P i E— N e BRHUTHF ERE, SREIE
LER . 2554, EiT Python IDLE AJ LAXF— list ;XA HE 7

>>>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]

X LA LA —MRAE, (B2 Python B T —LEIhHER] LU LAEMD 52 A URAE «

Python e % map (aFunction, aSequence) FEFFIME—ITLE LHAEARRE, FEREERL List
FIIEFGRE XA BRI SE AR L T AR AR

>>>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]

XH, BATR B E XA multiplyFor2 MEUELA map . BRI items FTEMITREHITILEEL, &ELL
list TR [E1ZE

?‘dﬂmﬂu% lambda PRl (AHIFELEAMEARE) HHSEULLHE map WA XBUUHEBLE ML T IX
+:

>>>items = [1,2,3,4,5,6,7,8,9,10]
>>>print (1ist (map (lambda x:x*x2,items)))
>>>[2, 4, 6, 8, 10, 12, 14, 16, 18, 20]

NEH) map RELLFENE for FEEAAIMERERE /& -

5.5.1 R TIE

SCOOP HEERFEM T 21> map B LRI EAES TR EZ MR A

e futures.map ((func, iterables, kargs) :ﬁt@ﬁi@@gﬁ\ﬁiﬁi%ﬁ, ﬂu@ﬁﬁifﬁ‘ﬁ)\lﬁ@“ﬁ}?iﬁ}f
5 . AT LA RN E map REH— DMIFATHUTIUR -

e futures.map_as_completed(func, iterables, kargs) Y EER PR, BaF yield
HioE

e futures.scoop.futures.mapReduce (mapFunc, reductionOp, iterables, kargs)

map PRECHIT I /5 7T LB s AT reduction BRIEL - IREIGERE—PITE -

5.5.2 1A, . .

XM T, BATHERF H SCOOP SE3H MapReduce #1 Python [N B8 AL

mwn

Compare SCOOP MapReduce with a serial implementation
import operator

import time

from scoop import futures

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

def CompareMapReduce () :
mapScoopTime = time.time ()




res = futures.mapReduce (
simulateWorkload,
operator.add,
list([a] = a for a in range(1000)),
)
mapScoopTime = time.time () - mapScoopTime
print ("futures.map in SCOOP executed in {0:.3f}s with result:{1}".format (
mapScoopTime, res))

mapPythonTime = time.time ()
res = sum(map (simulateWorkload, list([a] » a for a in range (1000))))
mapPythonTime = time.time() - mapPythonTime

print ("map Python executed in:
mapPythonTime, res))

s with result: {I1)}".format (

if name == '__main__ ':
CompareMapReduce ()

X B BLT i & AT

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 (v3.4.3:9073f1c3e601, 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

is done.

[2015-06-12 20:13:45,368] launcher (127.0.0.1:2559) INFO

cleaning spawned subprocesses.

5.5.3 1i&

EXMFH, FATR SCOOP SEHLAY) MapReduce 1 Python M & PR MapReduce 25 F « 3= E A pREUE
CompareMapReduce () , B HE PR SEELRI A gt - RS

mapScoopTime = tme.time ()
#Run SCOOP MapReduce
mapScoopTime = time.time () - mapScoopTime

mapPythonTime = time.time ()
#Run serial MapReduce
mapPythonTime = time.time () - mapPythonTime

R, BATHTED T HATHS A

futures.map in SCOOP executed in 8.459s with result: 332833500
map Python executed in: 10.034s with result: 332833500

F T BRI B AR A LB, FATFE simulatedWordload BEIHFEIAT time. sleep RIERKAT BB
[A] -




def simulateWorkload (inputData, chose=None) :
time.sleep(0.01)
return sum(inputData)

SCOOP K7 ') MapReduce 41 :

res = futures.mapReduce (
simulateWorkload,
operator.add,
list([a] * a for a in range(1000)),

)

futures.mapReduce HREFRE LN SEL:
e simulateWork : IXZEHATHI Futures, JEEIX1 callable A71H IR EE -

* operator.add: PR ECRF £ 7E reduce #RAEIRHMEIAR , WA M550, 1BE—ME -
o list (...): —PHERNG, HAG—NITEESIES callable X% 4EH Future -

f#F Python [N E i ZLELILHY) MapReduce 41T :

res = sum(map (simulateWorkload,
list([a] * a for a in range(1000))))

Python W& ) map () BREFHEZ T2 simulateWorkload PRECFIREMRA) 1ist () 5 . Reduce #
VEFRATT 2 T8 B F Python B Y sum () BREL -

5.6 1 FPyrod#tiTitE /7 A A

Python Remote Objects (Pyrod) SEHIL | KLl Java 2 /7 (Remote Method Invocation, RMI). AJ L
—PMEENS (FETH—#EET, EE227—6Walt) | AR R —F (THRHAE—
FERHERE) o MHESRIMAEW, RMI BB AT l«‘)iE@H@JJ:ﬁLﬁlﬂﬁﬁ (remote procedure call, RPC) , RMI
FE AT R I SEERS T AR R T ROE o FEHFNRARGH, MimETIERA
{58 FH 33X — L AT LAFE T H E’J%ﬁ“'ﬁ%ﬂﬁ%ﬁ'ﬁiﬁﬁﬁ%ﬁﬂ% .ﬁL*i?ﬂiﬁTﬂ DA FH A — N A [R5
BT IR B FH AR -




Application

,»—""”———””—— hh_h““‘ﬁhh““‘-‘

Client Server
Stubs Skeletons

/ RMI System

MEFFRTIE 1, Pyro4 FI% P i/ 55 o BT SORE B 72 X5 o Pyrod AT LR 7= i ] A 4 Dy s Rt
SUM - RS REY, SRIEENAT, —NEE W, — MRIRSE i RIRSES - Pyro4 L
AR AR X ARSS -

Remote Method Invocation

5.6.1 HEHRTIE
AR pip BT

pip install pyro

B & 7] LA https:/github.com/irmen/Pyro4 NEJRMHIS, FH setup.py %3
TR A5 R R A5 Python3.3 fASFD Windows RS -

5.6.2 Wfafi. ..
TEARGIN, FATREH Pyrod MR M B ARG RZ FUES . Hih, server B4 MIRILIT:

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

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

def startServer():



https://github.com/irmen/Pyro4

server = Server ()

daemon = Pyro4.Daemon ()

ns = Pyro4.locateNS ()

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

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

if _ name == "_ _main__ ":
startServer ()

client.py FICREUIT:

import Pyro4

uri = input ("What is the Pyro uri of the greeting object? ").strip()
name = input ("What is your name? ") .strip()

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

print (server.welcomeMessage (name) )

BATFTEM— name server Kz TiXBARAS, Mam & THiIA:

python -m Pyro4.naming

FEE—TEE:

sUserssltentepython —m Pyrod.naming

ot starting broadcast server for localhost.

% running on localhost:98980 {127.8.8.1>

arning: HMAC key not set. Anyone can connect to this servert
RI = P¥YRO:Pyro.NameServerfPlocalhost 9878

EFXREMIEIATL FE 7R name server AR INEIT T - BT RESBERNE O B35 Server # Client - 15
1T Server, 1 FHEIFIA 4

python server.py

R LA IS BL T Ay -

EX Prompt dei comandi - python server.py

-

(4

sUsersslltentesDesktopsPython CookBookvPython Parallel Programming INDEX-Chapter 5 — Distributed Python™
hapter 5 — codes>python server.py
Ready. Object wri = PYRO:0bj_6754835chh464ca@8@hd?cffcl182af?dPlocalhost:52862

IRJE (RN T B0 208 17 % i




’python client.py

EEx-EAES PNl ok g

insert the PYRO4 server URI (help : PYRONAME:server)

XRRIRT RN Pyro4 RS54, %N\ PYRONAME: server BIF] .

insert the PYRO4 server URI (help : PYRONAME:server) PYRONAME:server

SEB|LUT i & E KA 4

’What is your name? Rashmi

g, WESERYOIEE: Hi welcome Rashmi 5L NELXFE-

EX Prompt dei comandi

icrosoft Windows [Versione 6.1.76811]
opyright (c> 2889 Microsoft Corporation. Tutti i diritti riservati.

sUsersslltentesDesktopsPython CookBook\Python Parallel Programming IMDEX“Chapter 5 — Distributed Python“
hapter 5 — codes>?python client
insert the PYRO4 server URI (help : PYRONAME:zerverd> PYRONAME:server
hat is your name? Rashmi
i welcome Rashmi

ssUsersslUtentesDesktopsPython CookBook“Python Parallel Programming INDER“Chapter 5 — Distributed Python
hapter 5 — codes>_

5.6.3 1112

Server FHAELE Al IBL AR A PR S, E&RNTPIHFH, XM HRAE— 1% welcomeMessage () IR [H
R

class Server (object) :
def welcomeMessage (self, name):
return ("Hi welcome " + str (name))

BEENX Server, WAUEIRLLT HIE:

1. SEFH—1~ Server%f% (ZF M server ): server = Server () -

2. JA5)) Pyro4 ¥ H#E: daemon = Pyro4.Daemon () . Pyro4 FISFIF#FENT SRR i K 90 & B &
TGRS o B— Server BALMUE — ST RE, REFN R - F—1 Server HISFIFHERER AN
EH A AR AT AN -

3. REFATLHFHZTT—1 name server, F HZZF[iX > name server FIMilE: ns = Pyro4.locateNs()

4. RIGHFXA server {EM A Pyrod HIXT S, RH Pyrod FISFIP#REA FIHEX MR %R: uri = daemon.
register (server) . BiRERFEMFF S H URI-

5. &5, BT LIZE name server 253X SFEM— 12 F
6. XA EREHIR G E VA SFIPERER) event loop , B2 B8l server RIEAFIEER, SEFEH -

Pyro4 [] API LETT % 3 AT LU % T 200 A0 5 o 2 Pl SR ARSS 33T welcomeMessage () Jiik-
AR e 2 QI — MUBEXR 5, Pyro4 HIZE ¥ 2@ i BN SR T VA FH R A B RERS 5%, Jﬂ LERES
A 1B FH A



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

WAE, AT AT LU server RO, FTENVGEIERE T -

print (server.welcomeMessage (name) )

5.7 ¥ F] Pyro4 BH:xI %

FEAZEF, BN RRRWFIFE Pyro4 SIZE AR REE - BOXFATEOBR N A3 A =28

v - Server 1
~

- \
, 1

Server 3

Chaining an object with Pyro4

WEATR, BATEMN NS — AR P, KR =8 IRNEL E A Server« 2 7 i B 1 SR 48 & 5|
Serverl FFUAHEC A, RIFE A F| Server2 . RGN REEFH AT — X5 Server3. Server3 &g 1

Serverl %5

BN ERRANX BT, AT WEBEREN R 2 A% 5, w LR fEInT H EIN S 2% p2RH -

5.7.1 tfarf...

f#FH Pyrod SEHIXRE— X 588, FATFE 5 1> Python BIZR - 55— 2% F i Client, fUABANT -

from _ future  import print_function

import Pyro4

obj = Pyrod.core.Proxy ("PYRONAME:example.chain.A")
print ("Result=¢s" % obj.process(["hello"]))




1E Server FICIE A, i Server FH this BEFR R, F—1TEFEHAK Server AZEE that - -
server_1.py FIREEGEIT:

from _ future  import print_function
import Pyro4
import chainTopology

this = "1"
next = "2"
servername = "example.chainTopology." + this

daemon = Pyro4.core.Daemon ()

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

ns = Pyro4.naming.locateNS ()
ns.register (servername, uri)

# enter the service loop.

print ("server_¢s started " % this)
daemon.requestLoop ()

server_2.py FIREEIT:

from __ future  import print_function
import Pyro4
import chainTopology

this = "2"

next = "3"

servername = "example.chainTopology." + this
daemon = Pyro4.core.Daemon ()

obj = chain.chainTopology(this, next)

uri = daemon.register (obj)

ns = Pyrod4.naming.locateNS ()

ns.register (servername, uri)

# enter the service loop.

print ("server_¢s started " % this)
daemon.requestLoop ()

server_3.py FIRAEIIT:

from _ future  import print_function
import Pyro4
import chainTopology

this = "3"

next = "1"

servername = "example.chainTopology." + this
daemon = Pyro4.core.Daemon ()

obj = chain.chainTopology(this, next)

uri = daemon.register (obj)

ns = Pyrod4.naming.locateNS ()

ns.register (servername, uri)

# enter the service loop.

print ("server_%s started " % this)
daemon.requestLoop ()

HJ5 /& chain W%, REWT:

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 = Pyro4d.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

PUTIX B MRS, & Y553 Pyro4 name server:

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

RIEBITEA =1 server, ZE="1ARIMHLITHIEIT python server_name.py fiid -
server_1 FIE BT :

BN Prompt dei comandi - python server_1.py EE

icrosoft Windows [Versione 6.1.76811] N |
opyright {c> 288? Microsoft Corporation. Tutti i diritti riservati.

\UserssUtentesDesktop’\Python CookBook \Python Parallel Programming INDEX“Chapter 5 — Distributed Python~ |
hapter 5 — codes“chain>python server_1.py
erver_1 started

server 2 HIfE B0 F:

sUserssltentesDesktopsPython CookBook“Python Parallel Programming INDEX“Chapter 5 — Distributed Python -
hapter 5 — codes“chain>python server_2.py Ej
erver_2 started

server_3 FIEE T :

icrosoft Windows [Versione 6.1.768
opyright (c> 280? Microsoft Corporat1un. Tutti i diritti riservati.

ssUserssltentesDesktopsPython CookBook“Python Parallel Programming INDER“Chapter 5 — Distributed Python
hapter 5 — codesschain>python server_3J.py
server_3 started

A LLETT client .py T




icrosoft Windows [Versione 6.1.768
opyright <{c> 2889 Microsoft Corporatlon Tutti i diritti riservati.

sUserssltentesDesktop Python CookBook“Python Parallel Programming INDEX“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]

FHEEEERF BRENRPAE =DM IRGSR TR, RFEE] server_1 BIRHRIESFEM - HNRPEL L
iﬂ;{;/\ﬂ&&%ﬁﬁ FATAT LARE — TR GRS EEAT N « BIETE server_1 MIRIHIAF, FATAT ISR %

R
E Prompt dei comandi - python server_l.py

icrosoft Windows [Versione 6.1.76811
opyright (c> 288? Microsoft Corporation. Tutti i diritti riservati.

‘ ssUserssltentesDesktopsPython CookBook“Python Parallel Programming INDER“Chapter 5 — Distributed Python
hapter 5 — codesschain>python server_1.py
erver_1 started
forvarding the meszage to the obhject 2
forwarding the message to the object 2
ack at 1; the chain is closed!?

PAK server 2 HIHEiH:

B Prompt dei comandi - python server_2.py

sUzerssUtentesDesktopsPython CookBookFython Parallel Frogramming INDEX-Chapter 5% — Distributed Python™
hapter 5 — codes>chain>python sevver_2._py

erver_2 started

forwarding the message to the obhject 3

Ml server_3 FIHIH:
Prompt dei comandi - python server_3.py

sUsersslltentesDesktopsPython CookBooksPython Parallel Programming INDEX-Chapter 5 — Distributed Python\[i

hapter 5 — codes>chain>python sevver_3._py
server_3 started
3 forwarding the message to the ohject 1

5.7.2 Wi

FEX A F H IO R FATHE chainTopology.py FE X Chain K. BT =R 25T LLEAHE
M, B— server # _ﬂ//llﬂﬁﬁ class SRIIEFEFH T —MTE LM (3% chainTopology.py FH process
FE) o [T, Bl Pyro4.core.proxy RFH T —1TILE:

if self.next is None:
self.next = Pyrod.core.Proxy ("PYRONAME:example.chainTopology." + self.nextName)

MR FHBELE R (7F server_3 WM server_1 KIRHE) |, FHREERSITEIHE -

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

WRE TR, BITEHLTHER.

print ("¢s forwarding the message to the object %s" \
o

% (self.name, self.nextName))
message.append (self.name)




result = self.next.process (message)
result.insert (0, "passed on from " + self.name)
return result

Server (UCIEER T#EH E—DITREM T — DL RN EAF, EMAJEZMERE, B, T2 server_1
A

this = "1"
next = "2"

T RIS Z BT E TR, R AnEE - — 1 moE e

servername = "example.chainTopology." + this
daemon = Pyro4d.core.Daemon ()

obj = chain.chainTopology (this, next)

uri = daemon.register (obj)

ns = Pyrod4.naming.locateNS ()

ns.register (servername, uri)

# enter the service loop.

print ("server_ started " % this)
daemon.requestLoop ()

&E, EFFmARET, FATESHHES server_1 AR A L EE N HE:

’obj = Pyro4.core.Proxy ("PYRONAME:example.chainTopology.1l")

5.8 1 FHPyrodl & & /= -k 55 2% N H

EARTH, FA1EH Pyrod 23000 5 — & B - AR GG es R o X BRI RBIFHAZEE, [HER
AR INIZAT -

— R P -RS TR, B TMEN, B imiEE RS S E R EMRS, 7S EME -
Ui He AR AE AR BEYR, R AR . EARTTRIRGH, server EE—MELYIM G, B P45 C
FEM AT PSR server RNHY)

5.8.1 Wffi. ..

AT FREFE L KFEREF=ZAMAR . H—-PEK client W, FREHEAF . E20HARE
shop W&, FENMHAERE server .

Server ¥ RIS ( server.py):

"""The Shops server"""

from _ future  import print_function
import Pyro4
import shop

ns = Pyrod4.naming.locateNS ()

daemon = Pyro4.core.Daemon ()

uri = daemon.register (shop.Shop())

ns.register ("example.shop.Shop", uri)

print (list (ns.list (prefix="example.shop.") .keys()))

daemon.requestLoop ()




Client 3G UIT (client.py ):

from _ future  import print_function
import sys
import Pyro4

# A Shop client.
class client (object) :
def _ init_ (self, name, cash):
self.name = name
self.cash = cash

def doShopping_deposit_cash(self, Shop):
print ("\n+x+ %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=¢.27f" % Shop.balance (self.name))
print ("Deposit money %s" % self.cash)
Shop.deposit (self.name, 50)
print ("balance=¢.27f" % Shop.balance (self.name))
print ("Log out")
Shop.logOut (self.name)

def doShopping_buying_a_book (self, Shop):
print ("\nx++ %5 is doing shopping with ¢s:" % (self.name, Shop.name()))
print ("Log on")
Shop.logOn (self.name)
print ("Deposit money %s" % self.cash)
Shop.deposit (self.name, self.cash)
print ("balance=%.2f" % Shop.balance (self.name))
print ("%s is buying a book for $%s$" % (self.name, 37))
Shop.buy (self.name, 37)
print ("Log out")
Shop.logOut (self.name)

if name_ == "_ _main__ ":

ns = Pyro4.naming.locateNS ()

uri = ns.lookup ("example.shop.Shop")
print (uri)

Shop = Pyro4.core.Proxy (uri)

meeta = client ("Meeta", 50)

rashmi = client ("Rashmi", 100)
rashmi.doShopping_buying_a_book (Shop)
meeta.doShopping_deposit_cash (Shop)

print ("")

print ("")

print ("")

print ("")

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

for name in accounts.keys{():

print (" s 5.21f" % (name, accounts[namel]))

Shop F RHMLHGAIT (shop.py ):




class Account (object) :
def _ init_ (self):
self._balance = 0.0

def pay(self, price):
self._balance —-= price

def deposit (self, cash):
self._balance += cash

def balance(self):
return self._balance

class Shop (object) :
def _ init__ (self):
self.accounts = {}
self.clients = ["Meeta", "Rashmi", "John", "Ken"]

def name (self):
return "BuyAnythingOnline"

def logOn(self, name):
if name in self.clients:

self.accounts[name] = Account ()
else:

self.clients.append (name)

self.accounts[name] = Account ()

def logOut (self, name):

o

print ("logout ¢s" % name)

def deposit (self, name, amount):
try:
return self.accounts[name] .deposit (amount)
except KeyError:
raise KeyError ("unknown account")

def balance(self, name) :
try:
return self.accounts[name] .balance ()
except KeyError:
raise KeyError ("unknown account")

def 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)

NHAEHATIXEAS, E5E/E5) Pyro4 B name server:

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

SRIG, 1M python server.py & E5) Server. A 1THIE AU N EFTIR -

EX Prompt dei comandi - python server.py |

icrosoft Windows [Versione 6.1.76811]
opyright (c> 288? Microsoft Corporation. Tutti i diritti riservati.

sUsersslltentesDesktopsPython CookBook“Python Parallel Programming INDEX“Chapter 5 — Distributed Python“
hapter 5 — codes“banks>python server.py
[*example.shop.Shop’ ]

e, ATNHEaSREEE P, B REhE-

python client.py

AT BB R T TR

C:\Users\Utente\Desktop\Python CookBook\Python Parallel Programming
INDEX\Chapter 5 - Distributed Python\
chapter 5 - codes\banks>python client.py
PYRO:0obj_8cd4a5bdae7554c2c9feeebb0113902e0@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 1is 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

WHFRPMDHRISTE, Meeta Al Rashmi .

5.8.2 i+t

B PN L] shop () X5, BT AN EE A

’ns = Pyro4.naming.locateNS ()

IRIGFT H— 1@ A channel:

daemon = Pyro4.core.Daemon ()

uri = daemon.register (shop.Shop())
ns.register ("example.shop.Shop", uri)
daemon.requestLoop ()




shop.py HAHIK P ISP KA . shop RFEEXEHE—PIKF, CRETEMENY, EHHAAIR
B, AN TN K Eh R

class Shop (object) :
def logOn(self, name):
if name in self.clients:

self.accounts[name] = Account ()
else:

self.clients.append (name)

self.accounts[name] = Account ()

def logOut (self, name):
print ("logout %s" % name)

def deposit (self, name, amount) :
try:
return self.accounts[name].deposit (amount)
except KeyError:
raise KeyError ("unknown account")

def balance(self, name):
try:
return self.accounts[name] .balance ()
except KeyError:
raise KeyError ("unknown account")

def buy(self, name, price):
balance = self.accounts[name] .balance ()
self.accounts[name] .pay (price)

B— 1% HE HCH Account X5, fRAEFHEH .

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

&G, client.py H—1ESHEME FIT A o 7E main RECT, FATELTHAHS, Rashmi

Meeta:

meeta = client ('Meeta',50)

rashmi = client ('Rashmi',100)
rashmi.doShopping_buying_a_book (Shop)
meeta.doShopping_deposit_cash (Shop)

HATER U, A7 E—Il 4 SR R4
Rashmi 3K T —Z&F.

def doShopping buying_a_book (self, Shop):
Shop.logOn (self.name)
Shop.deposit (self.name, self.cash)
Shop.buy (self.name, 37)
Shop.logOut (self.name)




Meeta 53R T $100 2K F -

def doShopping_deposit_cash(self, Shop):
Shop.logOn (self.name)
Shop.deposit (self.name, self.cash)
Shop.deposit (self.name, 50)
Shop.logOut (self.name)

JERERFITEN B A F P B 7K

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

print (" : " % (name, accounts[namel]))

5.9 PyCSPHI3# {3 li)J¥ 372

PyCSP & & T3 3 i /7 #F 2 1Y) — 1> Python 3R o 18 5 7 35 2 /2 18 10 VH B A0 B 37 R 2 7 I JR A
3 o PyCSP B 1R 2

o R AT HETH B
o AR A AT DI A7
o JHIT channels R SEEIAZ H#:1H B,
Channels 7] LAMi: - #REZ [AIRME - HRERIH

PyCSP fﬁ,ﬁ%ﬂﬁrﬂ f] channel 287: One20ne, One2Any, Any20ne, Any2Any. iX 22 R L /D readers F
writers A] LLEIE T channel j& 1 -

5.9.1 R TIE

(FEEE: Zlij(ﬁﬁﬁ [ python-csp DK A T ARV, RIS RIREC 2 TLiEETT)
PyCSP 7] LLiE T pip H L R fin & &3

pip install python-csp

Github 55 FERIYERS: https://github.com/futurecore/python-csp .
TEZ T E B R HIT LN i ok

’python setup.py install

FEAGTH, FA 1A Python2.7 .

5.9.2 WA, . .

EFH—DHIFH . B2 48 PyCSP FRINEEAE S processes 1 channels. Bl 145 UM M ERE, 70 A1l 2
counter F printer. Tﬁ&ﬂ]ﬂ%%ﬂﬂﬂm)&ﬁﬁj/\ #&ZIETJE/J N EURE

2% N E .


https://github.com/futurecore/python-csp

# —+— coding: utf-8 —#-—
from pycsp.parallel import x

@process
def processCounter (cout, limit):
for i in xrange(limit) :
cout (i)
poison (cout)

@process
def processPrinter (cin):
while True:
print cin(),

A = Channel ('A")
Parallel (
processCounter (A.writer (), limit=5),

processPrinter (A.reader())

)

shutdown ()

TE Python2.7 FHBITEE R AN T

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 ==========================
>>>

01234

5.9.3 Wi

// TODO

59.4 TiE¥E %

CSPiE— i TR H AL B ANE S - R POV RE - EAE LB B EALTE AN A& R
BHEFRMNIE . CSPRKXMGRIEE T Occam (VIR 2 FIEHATHIZES -

Xf CSP B X4BRIIFI2E, FBIHEE/RPIRE:  hitp://www.usingesp.com/cspbook.pdf .

5.10 fi# fDiscoi#iTMapReduce

5.11 1 FHRPyCZ#E i FH

Remote Python Call(RPyC)& — > HE:Z 2t 2 VA A, [R5 AT DU 1 4 47 20T B fIPython i £ - HL 3
RRPC = B2 f HH—FhRe2 N 2 B R 7 (& P o) 8 B B R P RS 2 ML), RUTAE— P ERF R
EWA—NTERF . MR AREWEEFEEEMEL, FIRUEABKEPXRECHE - 55—
BFAHE, ZAmEESEE, BRIRS SIS ERELE RG4S RERIT o XMTIEZ BT Lm0



http://www.usingcsp.com/cspbook.pdf

R o % P - 55 2 0B (5 R D R A T N2 (e 2 A, R BTE 4848 /R RO 240l K N R P
TFHFRNEAF R (stubs) AT AR B FHRE FIE# - RPyCHI T Z4FIER -

o EREY, TR TR AAA RS - AEE

o BIOEM, AR AR A A AR R 2

o AU HE RIS TR ER

« MFCEBIIERE NERE il IR S 280 AT LI B — N iE R

Calling Procedure Called Procedure

Received procedure
and start procedure

execution
Request Message

I
I
I
I
I
I
Y" I
-
I Procedure Execution
I
|
I
I
I
I
I

Send Reply and wait
for next request

Resume
Execution 4 - -

Reply Message

\4

The remote procedure call model

5.11.1 &R TIE

1Eﬁplp5ﬁﬁ‘%jfﬁ§%° FERPI 1T B, AN pip install rpyc o
FIMRE] LAZ https://github.com/tomerfiliba/rpyc —F*ﬁfn%%@(m—/l\ czip ) . NEEMZ EEENRE
FEHITLU a4 python setup.py install o

GEETERZ G, R LRSEIX A E - ERATEETF B, BATHEER — &8s localhost LiBfT—"1%

FPimfiiRssas - A rpyc BT — MRS FHIEF R B ErpycBHRIER .. /rpyc-master/bin BHUT
rpyc_classic.py: python rpyc_classic.py o


https://github.com/tomerfiliba/rpyc

FEIBMXPMEAZE, RATLE G IR LA TME B

’INFO:SLAVE/18812:server started on [0.0.0.0]:18812

5.11.2 W {#. ..
FATIAE O Z T LIFEBATE— A0 F 7 B E I — g # fstdout:

import rpyc

import sys

c = rpyc.classic.connect ("localhost™)
c.execute ("print ('hi python cookbook')")
c.modules.sys.stdout = sys.stdout
c.execute ("print ('hi here')")

WEBITIX AR, IREAEIRSS asinE B E A A%

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

(FHE: EHUT c.modules.sys.stdout = sys.stdout ZJ5, print¥F< % 2% P imf a7 E)

5.11.3 g

BB RIT R PR AR S

import rpyc
c = rpyc.classic.connect ("localhost™)

XB, BPUuGRIEA] rpyc.classic. connect (host, port) MRIE4AE Hhostflport Al — PN EHF .
ERTE N T EENMAN . rpyc TRERFMEMERERE, Er S mEARPTEN L

_F%i %ﬁﬂﬁﬂ?f?ii%ﬁ%fﬂ: c.execute ("print ('hi python cookbook')") -
XEEA SRS % L HUTprintiE A GERER ‘exect TEHA)) -






CHAPTER O

%75 Python GPU4mHE

6.1 ™4

BIE g & —MEKIERZ D BT BRI FIoiE - BIARGPUIRERIZITT B RREIREIR, HiEE
AEEIL, GPUC AR EMORRE Jx, FELE M BESER A MR E R - BRItz sh, GPUHZE#H
FHIA N FATER AT B - GPU MURE AR ZEM M B AT, BT AR PR A 88 KRS - FE L LA i
PERERI RS, LB AT MAENE, GPU RIRGIE T2 ARFFER - GPU ANEUH T BIRIE G4,

MNTFEHR R CEHAM T AR GENE - (£500) GPU & E R IIRER &, (PR EE T L1y . Xt
R TEERFRAEFRAARR - BEik - EREEEREE. TR, 3R GPU HER VAT I MRE
WIEATH0 £, AT LU shaders SRZRTE & M ETEAEJY o X 7E BT e fii 3k 77 T 2 RIS - B
TiXAZ A UREIZL, GPU | RRH G L HATIRIEEE . 81 GPU HZ MU #EES (Streaming
Multiprocessor, SM) A%, EREHITHE—ZBEHEF, B SM EHREFTML - AT TIE-
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Thread Execution Control Unit

; o !
SM  SM SM  SM SM SM
SM  SM SM  SM SM SM
SM SM SM SM SM SM
SP SP SP
SM SM SM SM SM SM
SP SP SP
SM SM SM SM SM  SM
SP SP SP
Special Special Special
Function Unit Function Unit Function Unit
Local Local Local
Memory Memory Memory

Device Memory

*

The GPU architecture

B SM 53 A —4H I AL 38 %5 (Stream Processors, SP), &—> SP # A — Al IPUTHIZ.O, AT LLETT—
MERE . SPEHUTE ISR/ N LD, FRFERFHMIHITE - SMASPHIME AR _FREEMMER, (HiXa] LUK
A GPU ) SP FI4HZLB M, Bl LIFR E HUTIE U FHIE R S el A —ie . —HPA AR ORI ZETH
FRFe4, BTRANERRE -EPHANRIELSZEUE (SIMD) AL .

F—1 SMEELZ MAFE, TG A ISR — NIRRT - IR AR CRRIZOOZ A
TETE) N . BP0 DU X ST R W A0 E . B — DR s 2 80T B rE
Fit®  (general-purpose computing on graphics processing units, GP-GPU) , /1 F#5 GPU & #E 471t
BEETT . ZHINAE, GPU ARG AL B A 2R RN, B LUE A B I SRR BRI [RIRE, 75 2 AN R g
FERIAR « GPU S BRI 2B RERIL, BATA RN HUTIREZ MR E#T, ERB TR
HHRIE . MR- 1R, (RREEEEE D BIRS PR, REAEX L/ NE D EHATHE R A0,
X XA B A RCRAR R - AR, ANRURATRIE LA™ R 3% I — € BIF R0AT , IXFRIRA ) & 1%
FRHMAKT o AEEMARER T BP9 AR Z /IR I O, AE H THX A2 - GPU HIX F
VAR W ITE  (Stream Processing), K HEHE AT LIE fHUR — 1 ERAIEDED, 0 R FERIEARRT 7R X 1
i TETE: o

R, 8% IF GPU MR SAE) RATAORRIL /TS CUDA Al OpenCL P -« FHEULTS . AT
Python e fE7RIX EE I FTE «
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