DM SAld T2 1213



Korean edition copyright © 2018 by acorn publishing Co. All rights reserved,

Copyright © Packt Publishing 2017,
First published in the English language under the title
‘Learning Concurrency in Python - (9781787285378)’

o] & Packt Publishing} ol o} 2& WG B4 Ackale] WS Aojnz
o] o] YR} AN YL Teto s BAL A AAlsH: AL AR A2gut



nHIM SAIM Z=2"10HS
1 EE5 SAIA DI0IM FE Ard6la)
JH2 OlaHot7

YoI9 BHA 2

O3t g2

=0k

Packt> j\!'



| XI20] 274 |

%EI% THA Elliot Forbes

247t ] P, BAA|o| AR w1 PMerean Chase o 2] ZeQ] AT E Qo] Aol Z LRt
oot A S0t W £F4 Y TelA QRon, 20159 2RSS AEAZ
glolt tietu g SUH

Go 219], Node js, At 5 Thgt dolE them 7198 A1 Alag] 7ol gk A]
7R Bt} ol=fdt FYEol o] AE It A7t Rk

Aol upE A £} 2gjbercaysinvestmentBankofl 4 Q02 glen, A 31d7F o

szEgoel 73 YAI=E L9t



LIZ2}2A T2 = g Nikolaus Gradwohl

19764 2 AEzjoto] ujalitolA] ejofut zjo] 2 7]oj a0 cearloosel 2k0 utgslg 21
T Aot oletejArizg 3o bR g o, e 2wt H7)2 ok WY
Tt 8H|E npo|ARAEE R W= Z2OE UEE o B2 AN ERe
o, AlZko] g wie $F T2 dojut 2YAIA U F5-E gt

A X2 TProcessing 2! Creative Coding Hotshot,(Packt, 2013)0] 125, http://

www._local—guru, net/o|4 2] ARE & 4= 9t}

1 O=U ots gsjol LiE Wt FHRIE - Z210)
2 1970 3cH &{x0| 8HIE 2& AYY| - 8210



| &0

P>

N

0}&t3}(eechanghwa knu@gmail, com)

ZEHstoA 714 9 AFETEE A3 o, o W 38 7l
Bhzof #hlo] Wt tist 3t A Ze syl WS 27] AR ZRE C, Tolx,
Y dol, 2E4A Pt e AR sHA| Sk, 22l HAl Y geldol Bs
FHSHL Qlow, T =AE T 9= ol F whA Stk SjAle] AAsHA] §al Yk
At Aol EUT ¢ Sl Bo|ZE S8 £71 O g Tao]ig o83t HiolH
B (ellol &, 2018)0] QJtt,



| &ol2l & |

IEEE, PYPL, Tiobe& 3131 mto|i A1ojo] ARg- RIE &9l BE 5 <t & 9
A AAS] g Algo] ARGSEL Qltk, IRbE 41 B X0k A W HeEFE UE
Har ek

e ¢ Az B3 Ao Qlsletd 7P WA vile= o] HFE 2xTh E =0
gk} @ojA] HRE JPUEE ARk, e5d 29AAS] Ye7tA] 4 71 o] Azt
Hoh 35 7P 7124 HFE 2 2 delolA FAT HEE wies 4 glch
o]2|3t MgE A&t o] 9 ulE me2 TP £ & yiRo|t} o WE FLHoE
S 88l A8k, oAl 2 YBRE ARFENAl AT g,

o] AL A=, ZaAA AYR, F, oHIE Z|vt W 2HE Za Ty T2 HFE
&k 7ldat A o} ol R ey o g ZojEct oL Jidn APE HA
AA FAoz Eon, HAAR o2t /HE-E A8 f ARSEE TRt elojH g
€ HFH o2 o83t

HA FAAAT HESe) 712391 A 2%, ARE oIEAe} BRE HE
A st ot oo g Ad=et B Adict F A7 2ot HJEI A=
Z2aPE AeET oA gtold Z2aYo) Uu7at Hx|nbr)g sjEct
7783 8ol A= FA4 A, ProcessPoolExecutor, HEJZ2A| Ao o] A4HE &,
9780l A asyncio 2tolE2ie]E &-&3f o[HE 7|vt T2 IS w2t 108
RxPY 2to|He|2)E o] &3] 2AE X2 Tl ot 1, 11304 GPUE E-43)
£t



$A)

QU = oAo] 20| WA Holtt By, P el vt o] 22 HEY 4
o 2% 9 2T wAE B Aoiet WA AU eyt e dse
GAA BN A2 AYEAT, AUEY ZRAAS TR dFelE 2

A BAE olgslAL 258 BT,

i o

FZole 253N FY EFo] BohL T ALRS AlRelM e gt 47ieh &
YA F9 w5o) gotil gk, 7P $83% AL Fuinh Wt Folke FEol ZulE
7HAL 234 TR YS W9, ReEs RES AAR FohR T A7k 2]
7V SR8, fl2e Jug d2ES dAk i, L2 golEaert gls e
olF AAHac] B8 BR:= Urt. AFE A3 w7 AR 7124 ol
AAE T E & Ut o] AL AT Tt

zog, of Moj Wolzt Wile] £&E £ ool ZHTA WAL 7S EA 2 7
Abg A

oly=}



| XK |

13

X|20] 274

7l& Xt 274

AlZ1|

SAY 7HEe A
A Eet HE|AHE

Ag=gt?

HE|AGO[R?

ZE2MA

ZEMael &

HE|ZZMNY

OHIE 7|8t =2 32H9)

ues ZEaay

ReactiveX(RxPY)

GPU =221y
PyCUDA
OpenCL
Theano

TjopHe| &7
Jython
IronPython

o N O @

27

33

.34

35
35
36
36
38
39
40
41

.42
. 43
44

44

46

47
48
48
49
49
50
51



of MOMOjoF Bk=7t? R 51
Ao 38 ce2est7 52
XHOR URI2ES | 52
oo ety 52

SAldl ct22E8t7 53
IcojAetdEy 54
He|Z2MAHOR A0 %7 55
SRR A0 P37 55
Sr=00) B (o L e <= 1 SO U= 56

SAlof Q14842 56
Foo| BSMYH 58

(52,0 I ST SO, |3 - Oy TR W I, . 58
2% ‘g3 61
SAlMo chgtolsy. 62
SAM AA"”RIYEX 62

I/O 2H| 63
wast olastyl 65
CPU M2t 22X L 66
CPUMOIA O{HA 23EM? 66
e L O e e 67
BEA: 67
at=Hz| H8N =4 68
AMBEHERS AASS) 69

HE| T Z2MM. 71
AlAd ol |&dx ABLQD 72
SIOD) afad i - oL e wert g 72
SIMD 73
T S A S — S A S 75
MIMD. | LS e e e et et o 75
AEE Hi2a of7IElx ABMY 76
UMA 76
NUMA 77
f29 79



3% Ay 2jojz 81

ooJMO MLl 2B 82
e e e e WS S T § S s 82
= o e e e e o 83

ARE P Ol Rl et 83

O B e e A, 84
O B B O A B e e o =i s Ao < R et 85

POSIX ABMS 85

G A R T B am, o e e W i T b 85
LElST MASHEEN. o s o0 i e e i 5 Y e 86
AHE ARFSEZ| 86
AZE FHARBE M L 86

R A A B T S n s s e . e 87
PPN 88
B e PR e P R R o O v S Wt slp i 88
O S S e e B B e e ke e 89
A R e e a7 ey e o o e e on 89
O e oty L S e e g et g e Y 90
e R R e N S PR S | e T 90
TOPMOIM AME CHRZ] o1
ABIE AEBIZ] 91
O S matins S5 g A SRR T it e e A Sl o 91
S r T SIS N S 92
AHEE OB TR K= RFI) 92
e = T T S R ) e 93
Ul B e o e 94
oA HY B BE Ao S 94
0 =R Bk A £ £ e Shorrieponmet 1TE 342t arste e 94
T s i el [ e ety L g 95
S ABE LIEIHZ] 95
P 0 B S BN SN o i W « W M O 95

A Ol D o2 ke e - o 96
QN ABE | e s 0 s g G ST 2 B 96



OO BB A E 97

B AR T B v s 1T ek AT LY ok i i I ¥ L o1 98

Ol et e L LM o e et e M e i L 98

FEON R AT 98
AHEABIOISET] e e o e o A . e e e g g .99

R e A b o e R AT S T it bR AT A e s Pt 99

B S A 100

AME BREII|. 101
A T Gl e e e e 101

Ol 101

B 102

O TN A & Rl AL L e by e e Y T B e Ll 102
A IR ARSI CHB TN - i v s s s oo i v e 102
Z2MA MM AYE MM 103

A B bt B =l P 1. P Nl W P ) 103
e b D 104
"EIAME BR 105
B O A B D T iy Vel 01 S8 D e e Mo kYT e b T 105
o e It 106
CRCHCE 106

G R o A B M == S, o o O o SO < 107
4%  AHE 2t 3713 109
AU T R B st e . i e e B it B T 110
ASRPO MUALAL 110

o 1 iy S Py o e e e Tl = 111 Ty Y £y 1V T Ve [ 112

B e L et el e e o TR b T R 113

A R 114
R | g B o e e S I b A e L e Lt i e Kol A P Tt 115
O o R e S e e AN AR e b 21 rred P 116
ORIALAB 116

s Leali e Ll N P e e e i S R o P S 116

e R B EIO ] A B i i e s b ata b e bl . e ek 117



jonAE

Tool BE M

DopE7|

Refat AukQl 2f

oAl
Feof Hst 4

=1 Lo I
17 IR

5% AE Zio] gl

Jl2 8ol xtg 2E
MNE

ul

A

<

re

Gl 22 0lE

& 7|Et Z2|0|ElE &AL

117
18
119
119
119
122
122
122
123
124
126
126
126
129
129
130
131
131
133
134
135
135
136
136
137
138

139

140
140
140
141
141



K| Zi0l AE Mo|Z

2ziA tiZolH
2|AE
#
FIFO &
LIFO |/
PriorityQueue
queue x|
TR0 R
join() &<
deque Z4x
of| x|

£y
Ha FIk617|
Ofl|
Acol &8 24
&9
Ha AU
Ol

Gilx)
T Bt 2N
£

2 3E2 oA
QTAE. .
Cixel.

Crawler 22{&.

AR,

EA

=]

X Holshl.

142
144
145
145
147
150
153
153
154
156
156
157
157
157
158
158
158
159
159
159
160
160
160
161

161

161

161

162
162
163
163
163
164
164
166



queue ZHH| BHESEL 167

. Liop7t7| 169

a2 169

g Ms HAE 170

29 170
ClHZat Wxjope 171
BIAE ®BF . 172
of EIAEE SOk Bk=at? ... , 172
EAN AZEYN AAR EHAE e : 173

O W EHAESI? 173
ClEaAE 174
PyUnit 174

HIAE EFs57] 175

EANM IS CABAE 176
B A 177
CIWE . 177
£l A SolA HEEHET| 177

Pdb!. .. Eae ; 178
sk oA 179

X&) AollA 02| X2)5}7| 182
#xjobd 183
timeit 28 . 184
timeit2} time 185
Hdols 185

T timeit E8{27] 185
clz2ole #8517 ... 187
Efo|Y ZEIAE Z2|K} 188

4 190
ZEoelE 190
cProfile ... 190
Zestmam oAl 191
line_profiler &. 193



KO a1 i mim . 5 bbb s e e T e i bt B 194

Mleel TRIUBN 196
22| Z2oA J2HZ 198
..................................................................................................... 200

3 MRS} E 201
A R e e Ty ey e e et g FSE L, 202
Executor ZHXM| 202
ThreadPoolExecutor ‘&I8E7( 202

A I R m ot b B hb e e o e e 204

B 206

A S R B B L e Ay e et T £l o WA T 207

] Rl B P et ey S £ W aa T iy WSS £ (S e 209
B A W dlas .209
(e e e L R, P s el le PP e o 209

add. donelcalloackl) M S e oy o o e sl 210
running() BIAS 210

cancelf) AT ==y STRaL L N e 210
eXCePHONt A S, oy i T e, gt o Y R RESEEL 210

done() BIAS 211

e e b el RS £ = R e e T it e O S . 211
set_runnining_or_notify_cancel() MlAZ= 211
set_result() MIAS 211
set_exception() AL 212
= et o R P 7 LR e e S per e G < 212
e S O 213

R e B T e O ey e Y e BT 214

2 I g0k b B RN LTI Tttt T R N I o S e o o 214

ORI 214

B 215
as)completed! AR o7l a0 sl e I e A 216

Ol Rl ik bt AT R i e T Dot EE A R o 216



B MAESZ| 218

ORIl 218

B 219

B AASI| 220

Ol oA 220

ORIl 220

B 221
ProcessPOOIEXECURON....................... 222
ProcessPoolExecutor MM5H71 222

Ol 222

B 223

ZIRIAE BBIKE 223

Ol 224

B 224

B 225
NS 225

M ST ZOIT] . 225

A 226

B 227
MWaABHMS \OIZL . 228
AEIBIIL. . 229
M2 AME 229
FEWMERSII 229

AUE CSVIUR MBS ... 232

A& ZHolXjolM IERS I B2 ZE AT 233
otoM 2,701 M2 concurrent.futures ... 234
o 234
83 E|mEMy - 235
GILEY o PSP 236
Sl? Z2MA BRSSPI i leabiail it S 236

OllAl . ...236

£3 237



ZgMA ol e s 23T,
forkE ALEal ZEMA AlRSEZ[ : o - 44238
OShNAAZ ! ... 238
forkserver . ... 239

.......................................... .......239

ORI 239
acof gt E2d B L 240
B o0 pacan: 240

PIDE 0|8all Z2AIA &RI5t7| R 241

oflm R T s - A R 242
&5 L . 242
........................ . 244
ol B R S SR AR v S SRR R o 244

M ZEMAYY .. 245
ZI2MAS ot SafiAastet?) e 245
o o S . 245

HE|mRMNME o 247
concurrent.futures.ProcessPoolExecutor®t PoolS] X0 . 247
ZEIAE Ba|RE R T . 248

GlIAl R R e T T 249
& o : 249
Z2NA F0f 2 M| L= B~ T 249

apply g : - 250
apply_async ... R L ... 250

.............................. ... . .252

map_async. .. . e e .. . 253

. 253

- 254

- 255

.................................. 256

maxtasksperchid . R 257

DEMAZFEM o A me T e258
moim ¥ R . 259

2| moj=Z 259

starmap_async



0|80| Q&= mo|z 259

TFOIIER EAABIZ|. oo 259

Bl e 260

ORI MEISEL......o 261
MOIZ OIBI71. 261
multiprocessing.Manager .. .. . 263
WILATOIA e 263

Ol 263

B 264

Ol 265

B 266
Listener®t Client E2HA ... 266

Ol 267

Lstener 204 267

Client Sa1A 268

B 268

B 269

Ol 270

SR TRMA BABIZ| 271
PY O 272
PyCSPOIM &2ISE21 . 272

B 273

B i, 273
OYIE 7jit =272y 275
OMIE Z|8F RTINS 276
OIE 2L 278
asyneio............ it S W e ieeee s 278
A2 279
OIMIE BRI e 280
run_forever() BIAS 280
run_until_complete() HIAS 281



isEclosed( B E ;o S e et e e e 282
o e o S S e S UL U 283

B A T 283
| e Pkt b g PN ae b e it i iAo Yoveta i ik oo S 283
all_tasks(loop=None) BIALS ... 284
current_tasks() &4 285

(62 0T M e b ) 504 [ o L he e W4ty B e s R R AT P18 I TPt PR e 7 287
R e e e emo T T ELE LI e P o W e, IRV o) iy i e PR b1 288
as_completed(fs, *, loop=None, timeout=None) &= . . .. ... ... ... 288
ensure_future(coro_or_future, *, loop=None) &4 . . ... 288
wrap_future(future, *, loop=None) &4~ 289
gather(*coroes_or_futures, loop=None, return_exceptions=False) &% . 289
WAl B, = e e e e e e AL 290
B e s T e e L e 290
ORI 291
e e e e e 292
S el e e o PR T o o W ey == 2 292
b e o] e S S e SO S S 293
S - e 296
N R P e o TP~ ST £ s LAFrry - e B Lo S okl s 296
L e 1 & fmob e B S e St O e T e T S et o 297
F2ELAN SIS 297
i S - L S L W T — g 5 T | oy ol [y e e o 297

Pt T o T 11 T SIT [5 € [ T ee "D AL I 1 Ko oE T ol e el T 299
OMIERQE R 300

2. [e] eslepied & E s o] ol e Y S i e G T e PN 301
G, © ) R i ot e e Pt o L T 301
asyncio Z2I¥M iz 302
(| e O B e B e PO T P e (Y e P s e 302
R B[ L S o R F b RO B v Al S i s b s 4 304
ZHERSH R M ORI 304
(o [=1Y/ 2 ) Cechus S | i e DG e, 8 A o | e = g e s e 306
S e e e Al Pk Lo et et 307
OECRICY, | i o o 8 5+ ool e B ST b bbb AR B 307

s s = R R S - S o Rty e o e 308



B 309

monkey TH7 | X8 OIE8t BRI ... vt e lisssietaat 1 5Ea e oy 309
9% 310
108 a2jY= z27a49 311
BYE z2)e| 7|8 L O 312
s bl e = L D U 313
ReactiveX(RX) ... ... o 813
RXPY &RISH2) 314
BEOsSM 314
BEXVMMSIZL . 314

ORI 315

ORI 2. 316

FoOf BEHEAM 317

B 318

O B 318

O 318

OO FBHEN 319
Ao A2 on_next, on_completed, on_error 4~ 320

B 320
emolgHtHEd . .. . B 321

el o™ 321

[eo @Bt EA 322

HZAE QERIOIE. 322

CHUSH QIBOIE] ... 323
BN S MM 323

BRI SYMESIII 323
BEHISSMEEZEI 324
BERISESYOHCTREI 324
RHBE RIS EE 324
OIMIE LHEILHT| 325

O R 325

Icol At 4y 326



1"z

B e e e o Tl = g T 326
e TN A B e e Ly Smem e b L MRS Eam e e R 326

Ol Ml . , L 327

B ey e e e s L S 328
e e A A B e e e e e L o s e 329

Zio) Ol 1330

-1 N . 330
merge_all( ) OB it oo e e ety i 331

B e By P S T S 332

SAM 332

O g iy =t | g R gl 332

o P 334
PyFunctional . 335
AR QS A N e S, N P S I e E 336
IS O Az, cspiinant . mmrsdsh. .l 336
S 337

AEZ S AN 337

A | B R AR e e e e s e 337
S 338

SQLiteSE AT TEMTN e L TR e T 339
P R o o TR T 340
WM 341

RO 341
GPU ArZ317] 343
GPU 274 W 344
ol GPUB ARBSN=2Y? 345
CllOIE] ARO B A i Lt C o b o s 346
O ARG A O e B e e ol S e Wl L Freirin 346

CUDA SRR 348
olid|C|o} Z2HE! Fl= Q0] CUDAR =dsty| 349
PYCUDA it i e Tl = e bl g T Taidd B 349
B i v e e e e e e o 350



e e L 7 i g 351
GPUHNE 352
NUMIBAN i ey e e b 353
B e e W R ] PO S 353
Numball &8 354
M o e 2 L 354

SIEQIC! ZH BEME 355
DHOIM ZIMA2 355
JTRFAOT WPt . 355

Numba ZE2AMIA 356

O o e B LR o oo 356

7124021 Numba OHO|M 278 =tMstz| 357

e I et A=t 13 il AR DN B 1L 358
Numbal S/ 360

CUDA 7|8t GPUOIIMS] Numba . 360
AMD APUOHIMS) Numba.. ... 361
oo (e RN PR e 3 Sty M F e £F. oot 2 B 362
Theano . ... 362
Y = eSO SR~ P OO 362
S et e 3 ) - m B T O 363

ORIl 363

S RHEIEAGEZ a0 e g e e g B 363

O A e I e v = [ S SR s 364

GPUOIA Theano ARZSIZL . 364
L Ll = Ot O = SRR A WA S 365

HE| GRUIEIE o7 s = a-yis shas e G e 367
AMAE M OIS 367

e e gl R [ AT e U AL DU sy ¢ T B v 367

R D T e T e MO SN SN %4 0 i o SO 368
B i pm e w3t 03 W e ol e e g 369

B 370

SR OGNS DR NN SO ' IO 3 S e el 371



128 &34 M=) 373
HolM CHEX| Rt 2tol=22] 373
GPU . MR e WRRERRRE 374
PyGPU ...374

OJHE 7|Btat 2|ME zlojg=el 374
Tornado . 375

Flask . : : . 375

CelBIY. ... 376

HIOIE AROIIA 377
Pandas ... 377
Matplotlib.......... 377
TensorFIow 377

AL CIRIRISEZL 378
QIFAEE 378
e QFAR 379

g AR 379

O R 379
BB 380
CHEOME OKBIAHOIE . 380
CHEIVOORERIHOM . 380

CIRIQIE BHRASI B 381
Software Architecture with Python_........ ... ... 381

Python: Master the Art of Design Patterns ... 381

B 382

R 382

] B P 383



07t |

sol#e ZHist O R TiaRe so] A % 29 dp etoluejele} ZeAYaE
AZIH A82E 349 Yoith, Fo|=g Fo) =g A5t Hstnn, o B
sjoldl S=E AP PHS MARA, 2L dASo] Ho Hde o5, ol Hhg
o2 $o ofFeAIRS AT 4 %S Rolct,

o] 2 ko] AH BRI BRI SAY ohEeiAolag Ay WS Thech
AN FES At o 2ol AL S dASS Ay, Uy Zehs QY
5 510} Aol Al 4EE 0|3 QPgsksie s whglact

1 0l 20| 24

19, APl AdSe} ZRAAS Avfsich SAI chEeiAolag T4shs B 9l
of sfojie] FAHE Avtect

2%, "WHs SAAT HUsle) Mol W Ti BYLE AT, o £ YL of
¥ CPUSl B83hT, Yok e AL tieln $A4 ¥ §es} Zagge]
291917 whect,

38, ‘2% ajolz’ Tholdl Wik A2 So|mfelol sl M| thew, ojg 7b &
I Bl AmEch Welady BYT A8 AHES 29 A AY Adcs
gl e chec

4%, 2B 210 S718 A Toll ohBelAlol Mol G TIAE 291e Abwl¥rt
dlsete] A Hatrte] YA A7} ATl o Jake FiA) Yok,

27



5%, ‘AE Zto] @' HEAY E AlAEA B4l FASke A3 HAHUSS TEH
stoj ol Wi A= Alo|= o] sl ZbA|3] vl ¢lEd.

63, ‘TItYTH WRIOKY AE 2ol @ BAA AlATel] M7} A71R] okeR] 891
BHe 7148 ol Sl AnEn, IEA e T2o] EAV iR Hamsie
HE gohir},

78, WKL E A= F ZeAS E FA AR diE 2E S e A=Y
ZENL £ aEAsSE T O Ao tisl AuEt

8%, HEZRMY HE|Z2AYS) T o} Al2"ollA oEA E&3=A] vt
YR FE7HA] A= 2to]o hs) A et

9%t ‘OMIE 7|8t T2 oHE y|ub =2 TJau)e] AY¥e AurEm asyncio 2o
Hejg)et o[HE 7|8t Alago] o @A ARSEl=R] ThEct,

10%, 2/YE Z27:4Y =dE Z2 =yl AY Y& 7j¢Act YE T2 T3
Wi} ojHE 7§ 2 o] 5 2jo|HS AwE T, RxPY o] glo|HE2|E 4
7igtct,

118, 'GPU At83t7[" o8] Alo|UE|AET} AR GPUE B-8dh= F-E-S 3 tolB
2] E-gHt oA 2%

128, "&R4 MEs Ag7HA] OfA] 13t ol B E 7ds] aigic), shold =

23004 o SlojEafEie} /dE ARz AR T 2L wilEc),

1 ZH Arg
o] AL ¢17] Mo thE AT EY oIS Al 27of )5},

e BeautifulSoup

e RxPY

28



e Anaconda
e Theano

e PyOpenCL

I Ol 0| [HAF =Xt

o] B FAK T2 IHYE A2kl Told APRISE RO sful, 71EAS Ho)
B AT ST QIehe ZHsle] Ao AT,

| BE %

o] Boljs 20| §8ol b BAEC] AEjo] BTk, 7} AStAL Theat ZE
oelg At

B3} LojjA] Fe= thea) Zho] 37)31c}
“main oAl for ¥HE-Ro] AJRHL)”

HE B8 e bt go] Brletet,

import urllib.request

import time

t0 = time.time()

req = urllib.request.urlopen( 'http://www.example.com')
pageHtml = req.read()

t1 = time.time()

print("Total Time To Fetch Page: {} Seconds".format(tl-10))

Feo| B B AxT v F2 SN E BEdth

29



import urllib.request

import time

t0 = time.time()

req = urllib.request.urlopen('http://www.example.com')
pageHtml = req.read()

tl = time.time()

print("Total Time To Fetch Page: {} Seconds".format(t1-t0))

EE BHY A v ol 7legitt
pip install rx

MEL oyt $83 Tof, 281 vy thaldAbAd ARE Sho] EAIEE dof
© Tt 2ol TYA= #7137

“IL2 I3 7h@EPC. prosram counter 2 ) mulol TS Al 91| Yot

0 ZO|Z Q517iLt Z23t BIAXIS 0[2 20| LIEMHCY,

9 E0ILt £83t &S 0|2} 20| LIEHC}

1 =1t oA

E2t 2o oA AAIEA] 3t o] WG B A AYzteh=A] Hit glof olopy]
siEthd A of fo3t MG e o) Qlo] Exke o) BolHt F a3
URFH]] AL o] o] A=-S U AZ-0 2 A feedback@packtpub,com & B
W €k

B



E4 Eoto] g 2AY 7|3k b FAlo] AUHH www, packtpub,com/authorso]|
Q= M2} Tlol e A=) viglt},

1 241

YESHAL] FuiR7L | SAoA =3o] H= B 7HIE AlE3anAt

ikl 2E CH2RE

hitp://www.packtpub,comell 819 748 ESWALY =S Fofet BE SAp=
Hol) SHRE oAl 2= Te 17 e % ok O TN EAE P S
A= http://www, packtpub com/support]l &3 5231 oln|dE 2|F wopE
% Sl

ololEZ&TALe] EAAHE Ho]Z] hitp://www acornpub,co.kr/book/concurrency—
pythono| A= oA T=& ek 4= it

o] Mo 85 F=E AHIE &3A i, F4+ hups://github.com/
PacktPublishing/Learning—Concurrency—in—Python®|t}, hitps://github,com/
PacktPublishing/ol= ThE e} T ol SYAE ejel glou] Telsiuz viict

3= 14

W8-S FgstA Adsiaii A4S AR A7t A 5 Uk HESTALY] o
A EAE TEAS] BAS WA LeEc, the A Azt Rl 18]
g FE B UE SR =82 FaL, oS HAA e o = A THE
olch, A= WASHY htip://www. packtpub,com/submit—errata®||A] Errata

31



Submission Form 2. Fa TR W8-S AeiF7] vhzith, BuiE gl Felu
YAlolEo] 2 8ol SelrbA, s el A2E Aol 1 uigo] 27k Rolck,

https://www_packtpub,com/books/content/support& &3l ZAAol 3 Elo]
2 Y3t AF7HK] Q] Ao BE BARIT 4= it FHo| B2 ool E2E& ALY =AH
B #|o]] http://www,acornpub,co kr/book/concurrency—pythonoljA} Ztopg 4=
At

X 2

AELolA &) MZHE Y= 2E miAlol A HolA T Y= AT BAH. HESTA]
K A2 ANGE ZAE o5 AZ8HA] ASHL Qi ofH FHIEE WESTAL
AA 9 BY BAEE e HlolA ST HAHE =AE Y + A AT Fau
A ERE g RERI

A== Y BAEQ] Y 3E copyright@packtpub,com @ & HUS7| ulgit

=
Sl

Ao} o $& AL T WSS w2 weisks theo) B A thee A
sk,

s

o] Moj #WRAH F-Eo] UtHH questions@packtpub,com 22 F2|s}7] vigit}, 2 F
< o3 Aol gai=a A}, ol BR AR o] ol FZlou oflo|ZE AL
HA] E(editor@acornpub.co k) 2.2 223 4= )t}

32



Al2tot)|

B2 106 B, WS APl B BREE A0 ERRT T BREIE 4T A
% QUKL SRR
- %] &'€(Gene Amdahl, 1922~2015)

SES ATEGo]} BEOIUA, hBeiAolde] g PSR FAY T2
weoncurent programming o] Z2417] ABHeY, 0|0} T A nee et Gefo) Al
A hEelsoldt grel, Sheffole) Aol ok @A Al B4 Y BAS
£+ 90 B

FAE 83 ofe) 24 FAlo) Heshn, WA= Mo =t 7o)
£ il ZEEACE YolEshe § ohSaAolde) H5E B 4 Uk T2
ol 380l Yol A% FUA L 4 s o] W g vy =20y

01% AiZBE7| | 33



of Al AUkt

ShAIgk oleih L2 9] A%-S w0l Hls BE o] Stk FA Y2 A2
& PRt Quboz Sosh Bel Bak ohe} A2 Sl W A
SRAE Si=A Sioh ol Hhosiw, 94 SA4S) Y 7143 Ad e ol ol
A Q7R RE QHHT ofSeAoI e TEY 5= Ylofok Bt

1RO SAH AZESo] ALYE TS| Aol L2 uiz} Sojof & 718A
21 R4k ThEct, ofd FAI7t qlieA] Al nay,

o EA4 Ade] A4}
o Ag=ol gElads

o mAselPemaAA

o o= 7 ¥, GPU Y|5t T2 aawe] 7|2
o ZIIBS ulro B SANC] Ei Lopu]

o EA4 A2 7 A Holde] Fh

1 SAIM JHY0| 9iAt

FA e mo] Aok WAl Hool A gt slRA o2, tae) Z|at
3 ARojA o AL Qlo] A FAR] o) =2 sfof gty

196015_1:“ o“z_a_a_ E“O]ﬂi\_EE]-Edsger W. Dijkstra (1930~2002)9_] ’Q’i BHX‘“ __E_}" mutual
clusion povlem2of] 5} 3} =B O BfBlof A FAN HEY ol Eo] S| AAH
th 2 % A87), AS uiA), @k Aeeedek g glojaxEst g Az duaE
Dijkstra’s Shortest Path Algorithmg_] ‘?—:_]’E, 7]%_14?_]_ -%—A]*g 7H\§_% 78]9]-@]:}_

1 OFSITIXIE 2 7] AlS(semaphore)7} ARBSISX| M2IsHiixl MOHZOIRHS 0] SAINOIME 0% ABEISXIE 43
ol CHR Sit. - §210]
2 02 JHe) WY DEHAT BEOI W4 W RINS UMAR O Sitol TRHA SO} Bk, — SZ10|

34



AEE TN FAGE A Bolo] @) uls] o}z A1 EofolA o AT
ZA7E ol ot Slth, WA 7IiEls $% Hok 5 shjolnl, sk m2 ey o
of Tjolu, AL e ofa] Pl B ek,

1459 SAX £ o 4L o] (UL AnEol o |HARA FAH SFHS
FHSHE PUE Y7|HOR MY 67t olsiet Y ofeigd], A2E FAN
APIS} 93t 23|9J9l2 9 lofe) EQo = AW S2lel A & o 4t

=z o] dAelvE 277t Yl TAI T2 AT B ok, o7
Adol2 2g3l7| = & =2 tARISHILA gict, 739 1%} BAER wlo]
gPython ZEo. AAoj A XY, FA ol FF BH0A e 4ee Hohlln
Ak,

I ACY REJAHLC
ol Mol Az} fojols], Z2 o] Alg 25 Folurt i o) &
=g ofBA ol83H=x] Alvict,

Agflcer?

AT SFAAN AFHE 2AETE 4 U AaErcng $31H 5
golr}, YeHoR ojeist sl TEAAd) 3 Qlom, T TheErI
couner | gk Ao g w2 e Al FHE AdSE ZRAAHZE A
7he U 4 U A wglel Ageletn ¥ 4 gtk

2L B4 AL Aol ABAo] ZRsat, Tl AdErlE) BAE sl
o}, vime] 6% 7hsste, 1 el vime) Facld o] 9 47| FRsaAR B4
7t Stk 274e] Ad|ETt RS Fastn AUy AY Ak B2 PesA g

ol

01" AlRfst7| | 35



o, o]43t gho] =2 EAU AlAY FE 2AIE o1& o= itk ol 43ollA] AA3]
A g zyrececonitonolel: sy wgolth,

the I3 o7 2F=01 Z7] 4 CPUd e 728 HAET

’ s e
ey 3

R it ]

\T_IE"E | CPU ‘rm (MTE—
|

2d=0) 7
U SFAANH, 2L 2 7S T2E 5 et

o ARGAL M A= ekt AollA B4, A, T2} olFAE A=
o A A A= YA AL 3] AEoA APHE A=

sfolie A2t el SAeA7Iel, o] MelAli AL HE AEe] B gl
282 23

HEAMIZI0I2?

AEo] WE LA Z2Ao] 8 olorlahe, AukEos Ao of8 Adl=st 2t
S T T2AHE B2 Eek oleiet $AL ole A Alolol waA A
YAECIHS B U TolS RS 4 It AYAES vhETHE A, e Fe
A7kel] o8] AF|E7} (ARl ohd A WEE Uk o),

36



HE| 2GS olsfsid, AMFAA dofubs A%E AdsiEd Hrt. g AFE
Z2 IR AR 2E A AR Ajdirial B "o shARE 2RI £
A Zkgoll of2iol ot M, HE AYE © ol T+ 9l Eot. &, EA4 A7t
=R o], A0 2E A H|E F7I= oot

LGOI B HY AYATE AR 2] o] BYS ek TE Fepe)
pmuiasker 7} ik ek B4 A4S St o] IE, T AYS 1Y
St} B Ao HHe ] AYAES uH e AR B AU & 4 9], St
H.§-2 ZhashA Hek,

o1¥l oAleIAE B o) AR Ex Shte] ZRAY Rolr} oihs WA ATt
£ AE 3B, Sl B YFE TS Meshn YW U B MY Tolol
3, sojile) 9ol ZRAT} o Pask,

29 S AT ERL

o Tl AYEL G2 WAL BRg ) £58 YR o2 g,
o ZANGEIRPL W, RS 2F AT,
o AYSE UL FIPI, 29E 2h9) BAlo] 4t

EE oS 22 2=

e CPython AT GILowbalinterpreter locké &2 o] 5} ARgof A|Fo) whZTHThe: 2]
A AA3] A ),

o 23T 7he] FAlo] 4R vhR, AY 0] WS YEE FosM T=
£ ZpAJiof 3t

o Thpo] ATE o) AHYAES uMRE ©) £ Allo] Pasith tige] &
dog SrRro M Wikl 220 o] AstEle A & 4 Uk

3 SR 2D YE0| U8 U 457 BOIKIE BY - §210|

hhhhh

4 B0 BILIQ) AHST 238 4 U Y - §20)

o1¥ AFfBI7) | 37



I Z2MA

Z2AAE 28 =0t vt o] RTHE 2 AL AFErt 8 4= Qe AL BE Ro) 7hs
aieh), & 71A] 83 2EE ol CPU Zojofl IF@=A] etk Folth, oA Anji
H]-goflA ARRAS] B AZThe A 2o] cPusin AZslahe, 27 9] wuji Hda) 21
9] 2| Y& 183 F 479 Alo] AR ARE Mgt B Hr}, Z2A>
& B3 HE|lAYE Fee] o AAAREE FUS o8] ARE A 5 Qi

o2idt LEAAE Bhte| F A EE A YA, 4 AF=niet A R AE
28S 23 o] ME AFES WE 4 Ut HI24 Uohs HEjAY =Tt AEE
Aoltt, BE Z2A|AE ARE7E Z2IRS AYehe o Yt 2 Age AT
=t

the Ielq P2 BE7F TR Ao] Bt Aolc), Y& ZaAAE shte) Adegt
Qt), o] AUES Z Ad|TET ik, QEZS| ZAAL ofg AYES 2HT 9o
=, 7k e Snhc 2pAle) A2} Aoz 2AET

RE Ello]=) el ik HlolH O
SAIXIAE =l EINESS HRIAE SHAIAH
————— —
el A ALl

T AE T24A HEAYE T24A

A

38



Z2HAE olg3, CPU Aol YA, o BE 452 Bz she 54 2239
A%y £ £ 4 9ok, T BEZSAAR Qs A TSR Ao
communication 311 31 %] BLA|7} WEARSETL, DEMA Zh EAIPC. inter-process communication o 2] T}
& AR Guls] Aol AstEiA) S Fojsfor T,

SRAA A AYE FHAN Z2AAE dPbEo 2 thEat Zo] TAE

o IZNAID, T2AA IE ID, AR D, 25 ID

o 33

. e geEd

o ZEIYArEYY

o R2H

o AHE]

o 3]hean

o T} 7]&x}fite descriptorS
o X% 52+

o I EolEEE

o IIAAZHFA EFHHAIA 7, ol =, Alntzo], F4 vlze])
A0 Y A,

o e 3o ZRA|NE ARG T2AL0) eE wY - AUtk
e CPU7} ol a3t Ao el A =R {851,

o HEJZZAAE 0|83 GILY] FAIE A + AUtk

o RN FEL AA T2 IS FA P

5 2gAFolM IUS ALY o 2t ohlo) tfFt Y2E |XIShs 71N IR §F FH Y YE - 00|



ZE A2 TEL FAU?

o IZ2A|A ZFFf AHUo] YITHIpC Fej= FEsiok Ft),
o W27t Uasi,

1 REZZMA

To|Rlofals HE|AHE E= HEZEAA F SRS Y F=F AW 5= |,
T AE ARED S PAT - Uk DY Hoje] A2 S dotEv| A, ¥
Bl Z2A| ol oigh olafet AFE A AN 7Hsdt BE CPU ZolE &-88he F&ol o
3 dolEal 05do] HFEe W CPUS Zojg 2t Sl shte) Zofgt AMg3}
=5 ARRBHE HRE YoA] 222 4A f5F AH7E dok o714 52 SES
9] /d%5E it Fohdi= Aolu], &3 vl§o 2 wEA EAIE sidske Aol

cpPU

CPU 2 CPU 3 CPU 4

solyle] WElZRAY BES A, BE Fojot CPUS AMSE 4 Qld, CPU
Mobd BAPIAE £ 452 9 4 9tk o) 2L shhe) CPU 2oy} e o]
oA olBA K AABHER] otz

sfold 2,6 0|5t AL B, The A CPU Sofe] 448 st 4 gtk
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import multiprocessing
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# Ct322, multiprocessing.cpu_count( oM
# CPUS AL JieE Hxet HENZ vrergh=C,
multiprocessing.cpu_count()
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import turtle

turtle.setup(560,500)

window = turtle.Screen()

window.title(“Event Handling 101")

window.bgcolor("lightblue")

nathan = turtle.Turtle()

def moveForward():
nathan.forward(50)

def moveleft():
nathan.left(30)

def moveRight():
nathan.right(30)

def start():
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window.onkey(moveForward, "Up")
window.onkey(moveLeft, "Left")
window.onkey(moveRight, "Right")
window.listen()
window.mainloop( )

if __name__ == '__main__"
start()
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import rx
from rx import Observable, Observer
# on_next O4AZ, on_error GAE, on_completed BIAET} s
# MB2 SHMHE FoJaict,
class temperatureObserver(Observer):

# 2RUS YE Woi Y oAt TEEM

def on_next(self, x):

print("Temperature is: %s degrees centigrade" % x)

if (x > 6):
print("Warning: Temperate Is Exceeding Recommended Limit")
if (x == 9):

print("DataCenter is shutting down. Temperature is too high")
# Ol OAZE wol, siY FRoM HSYDIC
def on_error{self, e):



print("Error: %s" % e)
# AER0| Z2YYE Of SEEC).
def on_completed(self):
print{"All Temps Read")
# 7H4el REUS VEC
xs = Observable.from_iterable(range(10))
# 8 2XUS WLBICL
d = xs.subscribe(temperatureObserver())
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£ Ho|E =L bl jSHA] g2 Zolet Jot. 3R v A= ofE]AHojH e
g5l FAAA FFS AR G A9l 38 Z= FFE wfE Aojeta Yt
GILE AAsIEE =82 2 ¥ YRR, A AY =g BAsk= o S7171 2u)
oo A ARz olojFltt, &, 27 o] CPURTH 1709] CPUE B3 Aol B &
glatct Aot} T8y} GILS ARE3HA] 9= NumPy 2+ alolEae)7} 9lad), GIL
< 23] viAELL ZHdsks AL o] %ol &t AA3] ArwEct,

Jython, IronPython Z+-2 FEj9] stolio] QJrh= AHE F-a3H|, 2% GIL FE|7t
O He]ZE2AN|A] A A”o] %3ttt Jythond} IronPython 2% 2] of& 74} o
Alof| A F2al, Q] el $H-E 0]83 = 9t

Juthon

Jython e} ZRFNA 215 7Rsh vholdd Fefich, ATY=E A} ol ALE 7}
Satel, e dole AES the o sholie) kel 78 Wejel CPythone) A5

13 AAEYQl 3t Woz, b X2lolM Alo|S2(cyclic) WACR xigi@ Ma|Bict, — §20]
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357}t TRXI% diEEo] 79 CPythone] B Fo] 9 We] 30] 4%50] Jythond
S7kett,

Jython s} eloluiafe] @ Zael9)aE e} Aelshs 5, moj Feof Huy
o= At Was o §esi,

IronPython

IronPython-2 Jython®] GHANET e, ofo]a @ e ghyl e 9lel=o] AglofA
Saksic}, ThA] W, Sl o ZajAo] e HeHSHS WAL B AME 7HsEIT) e Sy
WgARs Gl ofER|Ao A WE T @ ool FEZ AAE 4= Qloke Hol wi=
=jo] 25 ANgRICH

o HHOIMO0I0i0F Bt=t?

HThAl sjoldlo] FAI4 L2 IHL WEL o Qlof thi: Aldte] Holtd, THE
of AMGBA? B WokA, H1o) A HALS MY Wt oot BRI BFE A
21 A4 Hefshe o glo) B Ul glo] $L ojols] gk 2Ty
A¥ol gl W oSE 4| ofsl 7K sk TRE 4 9l HAR clojol7] who]

7% sk,

ol Qlojiz ulAl ey L A 4 Bof 2 F0]2e Hololq Ushe HolE Afe]
AP A= 9 45127t ol Abgska Qe

wold 2, 3 87 W olejgt Aol Qe STk elolueleE AT glon, wt
ojie] SHAE Holdol, LI Washs S HBS| sk ARH Aue
o1 Azke 4= 9k,

A7) molute] SAlel B Adet ERA|ATE RolIX] Abdgtom, ojAe Za
2] $E5 o)) 918 W AN BESH: P
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1 SAl0ll 28! CH2=Ea6t)
o4 olu|x] % UL AACSE A TheZTER: PeAAY ofAlE BEolRc
ot U2Y S4e ATHEE THI A 2HY oA 3 Shtch

3

olr

FAe Z2STA F30] AT Wuick AL oju|AI7t Mol B2 API
http://lorempixel com/400/200/sports/o|4] 10719] 18L& the2c3itt a9 ot
= 7 38& YA Eo) AAsIA gl ARSRT

o] dAfjo]] ARRE AHF F=i= AFHOMH 24 hitps://github,com/elliotforbes/
Concurrency—With—Pythono|X & 4= Qit}.

£XHM0E [122Cat

N — i wa =

WA, A% AE 24T 71 TS BSoluA I el theat go) 10749 1P
A2 cheREaks T aRe s,

import urllib.request
def downloadImage(imagePath, fileName):
print("Downloading Image from “, imagePath)
urllib.request.urlretrieve(imagePath, fileName)
def main():
for 1 in range(10):
imageName = "temp/image-" + str(i) + ".jpg"
downloadImage( "http://lorempixel.com/400/200/sports", imageName)
if __name__ == '__main__":
main()

AL s oL
9] A=A E urllib.requestE B8 2& ARE ARRIG, ol& g 18 ez
T3h= HTTP 232 53317 93k =50l 1 3 imagePath®} fileName Te}u]g

ﬂr
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£ 7} downloadImage $=rg A oJstc}, imagePath= Th&Z T o|njx] A& URLE Y}
ERACE fileName2 220 ohdS A4 off 2|4 oY olF o},

main oM for HHERO] AIZHET, for REEROIX = temp/ T E 4]
inageNaneo] | ¥HEA7} str(1)2 AT, jpg 5} A7} Rojxich, cheoz
downloadImage $<r7} T&T]o], A2 WAE imageName o2 FAMQ| 128 AlELsl=
lorempixel AlO|EE AHZt}

SE7 AYEH, temp DA FIH2Z 10748 2 o] YA BHS B
% gl

SAlHl CH_2ZC61

oA 71 EHQ1 T4 Aoy, IHE WA FAo] TR TaRe &
HEA, The oM 2SS TSN RES Higke By, 2E7} ol Zst
A WA, o}7)4 Hjglor E B A4 W2 Z2 RS TR A 4ol 9)

e okt Ao,

import threading

import urllib.request

inport time

def downloadImage(imagePath, fileName):
print("Downloading Image from ", imagePath)
urllib.request.urlretrieve(imagePath, fileName)
print("Completed Download")

def executeThread(i):
imageName = “temp/image-" + str{i) + ".jpg"
downloadImage( "http://lorempixel.com/400/200/sports”, imageName)

def main():
t0 = time.time()

# ZE AE HERE AMYste IS AHBICH
threads = []
# 10742 2SS MHstn, BHEO F7i5i0], A3sh2CL.
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for 1 in range(10):
thread = threading.Thread(target=executeThread, args=(i,))
threads.append(thread)
thread.start()
# Uig Uel 2E ABSE A F= AE 71E| A
# 2E S ORIk,
for i in threads:
i.join()
# A ¥ AUE AMs
tl = time.time()
totalTime = t1 - 10
print("Total Execution Time {}".format(totalTime))
if __name__ == '__main__':
main()

sEo] e A

7120 T2 PN Y2 $AE FES AFY BE0| FUE Ao, EAHE of
ZejAlo| e T F= BEEolt. 1 F, FEYS 2| 1 ol & ¥ s,
executeThread 3= UlollA] downloadImage €S T3t

HA main == Hollx= W1 vl Aeg A, A= ujEe 718k HHA]Le
2 A2e 2AE AAS AN, 2SS AR,

shgoz, AHE W 18 529 IS WEsn 2t A4S 9ol join HAEE B
E3i}, ol BE Ag=rt O Ryt AR E7| M7HR] UHR| 2] Aggo] A
A" B3It}

AR AR, 27102 1079 27| BE ago] theREgr:, theze
7t AR EH, w22} g G temp EC7F 1P OE YU BH5S B 4+ Ut

9 F& BF YT urllib. request 2tojBajalE o] &3] 5UT AL AP,
AA A AR AT EH SO 1 10708 Weliks Z=oA 108 Zx A3 Azt
o] T3t
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1 EEIZ2MAOR A2 )|

A}, AF7HA) 1Y heRE FRo| glo] ofBA) A% Folen] ottt St A
2ol GloiAl A% FAHS oA ol k2 AP B T2 AL o] gk A
olet,

o] AT A= 20,0009041 100,000,000 Aolell A 10,0007H9] F2k9) 45 Tap Al
2 gokir}, 2jqlo] YRE|e 51 AR 4] W 417 2 Wat gon], T

SO, A A SR 2hsske TS A A FAE A Agsi R

import time
import random
def calculatePrimeFactors(n):
primfac = []
d=2
while d*d <= n
while (n % d) == 0:
primfac.append(d) # ¢+E UIEXCR JECID 22},
n//=d
d+=1
if n>1:
primfac.append(n)
return primfac
def main():
print(“Starting number crunching”)
t0 = time.time()
for 1 in range(10000):
rand = random.randint(20000, 100000000)
print(calculatePrimeFactors(rand))
tl = time.time()
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totalTime = t1 - t0

print("Execution Time: {}".format(totalTime))
if __name__ == '__main__*:

main()

o T 4

AollA = A E7HA = At A7 2 BA] B3R RES BEes FEoth 1 %,
n& 8O 2 3k= calculatePrimeFactors T8 Ao3ic), o] ke Fojx 520 &
+ 205w hol 718l ARgro] Wikt

The2 2 main ErE 23, A2F AIZE 2 10,000709] 48 F2H9 randintE 18]
AAske) ATl ~F calculatePrimeFactors Sl ALy, AFE &8I RA}
oRREte 2, for HHERES] F& A7 Alklst &sEr),

o

2R AFE AN AP 4l vijEo] Z47] o T2 4 10,000702 &=,
A A AZE EF o2 E 4 ok W) BEeIAE oF 3.629] A AlZto] &
a5

SAl0I A2'4% Jat)l
oAl HE|ZRALE AMGS 2231 45 FoHAL

ZtHE Zstaia), 4915 2aie 10,000709) 219 48 AAd3He Al executeProc
s A3l 1,00071] T2+ =& A RAL 10719] Z2AAE A3 7 s
1081 Agst=t, AA| Alsh= S o3 o2 3 uiel J &3] Y3}

import time

import random

from multiprocessing import Process
# 012 'n'o] #H 2E AQLE HBICH
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def calculatePrimeFactors(n):
primfac = []
d=2
while d*d <= n:
while (n % d) == 0:

primfac.append(d) # Q& UEHSZ JFCID SHLA},

n//=d
d+=1
if n> 1:
primfac.append(n)
return primfac
# 10,0008 A4 AU
# 1,000814 10712 2IKHO{ X[},
def executeProc():
for 1 in range(1000):
rand = random.randint(20000, 100000000)
print(calculatePrimeFactors(rand))
def main():
print("“Starting number crunching")
t0 = time.time()
procs = []
# ZRNAE ddste Jasct,
for 1 in range(10):
proc = Process(target=executeProc, args=())
procs.append(proc)
proc.start()
# DE D2MAJF 228 O] Oj7|5t2},
# CHA] 8, join() DIAEE AMBSICEH
for proc in procs:
proc.join()
tl = time.time()
totalTime = t1 - t0
# 10812| procsol 2% A £sICt,
print("Execution Time: {}".format(totalTime))
if __name__ == '__main__":
main()
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the-0 2 10,000 9] HHE-& 433} = for B2 A2t} 18 the executeProc T
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main 3= ollAl procszh= Bl HiE-S AAJ3ict 10719) 7 Z2AIAE S 3,
executeProc = HIBHFS WHA| 8)1L args+e H|-2th A2 AT TEZAMAE procs BY
Holl F7FskaL, proc.start() Shs Z2A|AZ AJZLSHE,

10719] 7HE Z2AMAE AT £, AR procs HiEe = ZEA|AE wet vHESE ok
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AN Z2adYe] Bt 7| 2A2 ofs) T AN Ad=eh Zealro) el &
L BAA ohZeAlo g FEY o Tojig ol83ke H] o] JHe} ofze ol
sfok siet, uhxlgroz, ojZ 2ol 2t7] the Heje] BAE FHTe M Ak
A G 27 Hgitet,

ki
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ofe] wg Al chil SALE 71l TiRQLE St Tk Amegole] A4 S

70} 71olof Btek,
o2 <8}, o] F /A A& YT 1 Aol 4L olshalok Bhk, o] B Kol o]
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1 SAIS0 CHet Olol

TEHO R FAVOIR FAlOl o1 A dhe A& KA, BEsjeh: FRE
ol cfiZeAloI Y] et Y &= EFF FoET

SAE 7FE 2 olsisled g Akl ol AL 8l QT 1 AAS whEA vl
AP 2SRy "ot T2 FAO 23t vk AR, &
Aol A 8788 st okl R}, I T2 APShe ol A5 Ao, o
TE 7431 XY BAIE RIA WEA AYAES HWEF Aojck. Y Ado] &
E2HY, 3 o FEAE ANX7) dojutal, WA 29 2o = Yozith,

a2 AR Aol Aol Aok sl =2 73l A A ZFasfop & HHo| & 7k
ek, o] T 71x| 9] xjol A& Yolof dh=d]l, CPU 7|4te] EAof] ZA|AE Ae3t =
B9 o] Aadte EES B 4 U Aotk FAIAo] adh Aol HHsE A
S8 = VIR e T4 E4E & 5 U

SAIA AAEO EX
THZ A Al2EolA ot 22 SRS & 4 Aok

o TRRE A o ZRANY AAET} ZARte] Agle] BE sk A 4
of, Aol AF I O] 2d|ETt g ZRAAE o8 A 2o girk

o AU BHUIEY, PAZ 5 A FHo] T2 IYe] Asjol Yol wet,

o A BE FAY ALGo] e HSekm, vimelo] A2, AeE WAs
L 5o 272 welof g}, oleitt 2L SAN AL A5 vhe Fa
3131, oj2 7 Z2age) MY 4 vk
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1 1I/0 Ed

1/O EAI 2bs] Beff g d &8 JRE Azshe ol W2 Alte] AEE= AolE

UNAO R 1/OF ThEOR AMGIHE ofSelAol el B 4 Aok A8 712 9
HeloAE B 1/OF AR ohE Aol o TS 4 Itk 1E Shele] Asiao]
ATk taA o, Beke Al AEQ AR, AFYE, 258 HTML Ho]%]
£ nkx)7) $I8t IEYE 23] e Allo] dulgic,

l

Fl

L= dHiolE o] M= dlolH Pt =avhd, 1/0 471 ARt

ot ohE LA A £ES Fol7] AL 1/0 A £58 olAY, o wE
Sh=glo1E o83l olfe /O R3S ThHok Btk

1/0 £Aof siFshs $2 AAls vtz ¢ v et ¢ 280 Y& A8t
HA, g o)X Qg ez g A7 FollM 7IfEe dEshe 49 1074 2aE
HolFE @4 &9 a5l AR

OlA| tha} &o) Ho|AE 843 &8 AZE £l AIAIE 2 dshEAL

import urllib.request
import time

10 = time.time()

req = urllib.request.urlopen('http://www.example.com')
pageHtml = req.read( )

tl = time.time()

print("Total Time To Fetch Page {} Seconds".format(tl-t0))

FE @R} driH, HA urllib.request®t time BES Eol2th 1 3 AlE Al
718311 )l Ho|A & 8, T8 AlHE 718310, AAE &gttt



oA Z=of A& Hejx, thE #olRlel| HAE Hof P27t ThsEHA k. ot

Zro| BeautifulSoup Zto]E & a}& AME3) 414 &},

import urllib.request
import time
from bs4 import BeautifulSoup

t0 = time.time()

req = urllib.request.urlopen( 'http://www.example.com')

tl = time.time()

print("Total Time To Fetch Page: {} Seconds".format(tl-t0))
soup = BeautifulSoup(req.read(), "html.parser")

for link in soup.find_all('a'):
print(link.get('href'))

t2 = time.time()
print("Total Execeution Time: {} Seconds".format(t2-tl1))

Z2 Y Y E, HodoA ohg} 22 A7t 2ot

Total Time To Fetch Page: 0.318880558013916 Seconds
http://www.iana.org/domains/example
Total Execeution Time: 0.005640983581542969 Seconds

9 2IE AR, HolAg F&she= ol oF 0.227F 28-S & 4 YUtk
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e

7] A sairt 7He) 4l Ho| A E A ZER 2 AR, ek EA) a8 AT &

Rk uje) AJzto] AE Aol
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ol2idt FA1) A YU 22 ToA Bol=1/0 At WEHZ 237} v

2| AEHE AT Ho|A] mpArereing of gR2 AZES tf7] AFEiE Qi



1 WEist Ololiot)l

o2 2L FAlol Hshe TS e FAET 22, Hgperlond ofg] &
A& FAlo) A ARtk Folo, ESE AlUE ¢2H o] & F23loF 3t
<dl, A =5 A3 e Z2A471 Bag Aol

oS LA FHE H7| A8 AFEEC] ARUI= divista Aot ks EAt 207
A 289 AlgEo] A= 3 2] 2} 7140 ti7 13, oA A BAIT o]
A o] AFENA 192 E2t 71AIE o AR ARgSHA Fothd HREAQ Aol U
o 2o A71M Z g2t 7|Ale Z2A Zo1E UEhle, JdE Sl Heshe
HE 22 FHE T B

H%H%&\W
223283833

SAK 202 th7] &, 174 22t 7 1A I

2333323l
1332543~

Rk 2712 7] &, 2702 Za&t 71

A &3 https://github.com/montanaflynn/programming—articles/blob/
master/articles/parallelism—and—concurrency—need—different-tools,md
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Aol ST F2D 4 G ol oJaiet e sho) Sue WY ol 9]
ghgolc,

CPU M2 2X

UBHE o, CPU Aok BAIE 1/0 A% BAIS 1 Jelzk 9 Hiehe, ol B 47t
£ Hsha, BT AL SASHE ohZ Ao oA A5 B 4 Qe oY T
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o2 aRlg Bl Z2IHS FUSHA FAP=, T2TY Aol vtz £=71 FF
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2duith ERRAE 7} 287} Hohs AL 9 CPU £5 £58 373] $7HIZ2H,
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T2 A SEE FolTA T Hre] WS 3 Wk

a‘ 7] }\-1 n]-__e_%a] 1# _g__j\é E‘Q Martelli's Model of Scalability 0] %_;g_ﬂq_

Or=dg) M2M oW

A ml2gl)gjAlexMartelli(1955..) o] 2} 4¢] FPython Cookbook (O'Reilly Media, 2005)0]]
A ¥e melo] SR, Ho|HT )5 Raymond Hettinger2 L = 2143 ool 7]'Eh=
ZFA|2 PyCon Russia 2016014 734 Fc} o] 22 o] Fejof wet Z2 730 9
FAE Al 7HAZ et

o 130 9 AdE LB ZRAA T2
o 2~8 3o HE|AYE % HE|Z A4 =273
o O+ Zol: B4 HEY

A WA $EQ) B Tol, B Ad|E slemelt Bl Ho] CPUY ARY S 37t
2 8 PSR BRI TR 5 3L, 1 8 5 A Tl T ve A vt &
oSt AR, 2~8 Fo| AlLHS) FA HE& o] Tk Holn, thge] CPU A&
W W B EEY 2o e melspol dict,

1 DNA H7|2| 1522 1 F=Q| FA} EEE 271 HEE MESIA| 2t Ol X} HFE Q| 71X 7|20lch, - &2Z10]
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oiZ dibg e sled, W o] Washs Bib A ueisior stal ¥
Ao s EAIE At Ao B AFES T2 AAEHAT) AF ok g
) 23S ORe AR 7198 ALY A o] ZH|lE e dE FA,
dutrog ofg] Jof YAT w4+ Y DAt A 22 71UE AlLFollA Z
okE o 3

£ N

AZEHEY AHED)

SBAA L 71 FoT B F sl 2 AAE ek schedier g ool o] 2
ALESS] AHAAY Re 2 vl FET A Aol dSA AR BE
Z}lo] ehrd wi7tx] Aok sk A= AR, AA] o] ollA i) A= EX]
+ 28] Seth oA B, A BAR d3Ee 22 00] 1A U] 2 vk
Uk Holtt, o]2 B2 A Fele TA 22T A4S oA et

the TEoA H12H Al A4E Fohu,

import threading
import time
import random

counter =1

def workerA():
global counter
while counter < 1000:
counter += 1
print("Worker A is incrementing counter to {}".format(counter))
sleepTime = random.randint(@,1)
time.sleep(sleepTime)

def workerB():
global counter
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while counter > -1000:
counter -=1
print("Worker B is decrementing counter to {}".format(counter))
sleepTime = random.randint(0,1)
time.sleep(sleepTime)

def main():
t0 = time.time()
threadl = threading.Thread(target=workerA)
thread2 = threading.Thread(target=workerB)

threadl.start()
thread2.start()

threadl. join()
thread2. join()

t1 = time.time()
print("Execution Time {}".format{t1-t0))

if __name__ == "'_ main__':
matn()

9} S|} counter W47F1,0007H4] Z7HSEE ~1,000744] ZF2shs g o3
2 2749) woli AH|=E B 4 olth, WY Hof ZRAIeIA 2] B7} AlE7] o]
9] A7} @ 7hs4o] Holiw), ol 2] B YAOINE v AT Zeht 2]
2AZ7E 21 A% A B AJo)B AlSH o= Fbe) whEsin) Tux] 3S THsAE
A,

T, ) Z=olA 5718 glo] 7 Aol HEstele HelAd e EA= Bl
7heE ol ofE glo] So1Z2A] At W= glof, T2l Mgz wol Bl
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£ 23 9t

# To|W Al a2 Wz}
def __init__(self, group=None, target=None, name=None,
args=(), kwargs=None, verbose=None):

9 ARl 57Ae] ARz Qi theat det,

e group: o|¥¢] & 11B3| FAF= wHetu|E

e target: run() A= 3 &= AAct o] HEuEE AAX] GO,
None 2.2 AN|FE|m, AIZHE|R] gh=tt,

e name: 2| =9 ol&

e args: EZIE APsl] % {FE AA . 71EH R () FEry,

o kwargs: 7| A BPAE AYshe 7|HE AR YA

AfC A
_/_:a]E_\‘:____ 57“_0__] }B]'EH7}' 9‘1_‘_1:.__1-__“' /:_:_]53 running’ H]ggg not-running' /gsg 7]_L3__runnable’ }\]Z_]-
sring | gz endedcy olubH o 2 APEE PHICET M AU vh TP ofe
th. 271857 sp71o] obRa Alelzt ohe, Al2hE 4= AR)E $% Yk
o M22 agsNewThread: 120 A= Al A =7t AlREIR = 21
A= 2 AEitt. ZA) A AT vepdit),
o MY spghumtle: Al Aef Ao x| AHlE, Hadt BE AE 2T Qe
o 2 2SI A DA AAEYE Fujskn U,
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o AggRuning: A= Q] AAlET ] o deE Foi7l 2Hde AFdih o
=, =7t FEECHE HE AJE B vl AEE golzit

o Hjdghorruming: Agleot FR)E AFeict FAIZEe] 4E 8% Wkl gi7)st
£ 59 o] olf2 AT 1 9 A=) AdYo] ghad wirix] AR #
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import threading
import time
# ~ES 2G| J¥ai2at,

def threadWorker():
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# 22(S7 MY Jts'oIM THE' HEZ ARSe £20ICh

print("My Thread has entered the ‘Running' State")

# time.sleep() HAEE S50, AT HAY A EiC},
# 89 22Ec O Ol OFRY 2¢jol gict.

time.sleep(10)

# L2E Qo] 2=sD ZEHEC

print("My Thread is terminating")

# 0] AHoM 22E& OfRa HEH7} Tt

# O/ AL AU RE HIYRE Of=Cf,

myThread = threading.Thread(target=threadwWorker)
# myThread.start( )2 3250, OIOME A SS AsuR}
# Lash AAE Yoold, L= MY OjASE SE%C

# TAZTOIM TAE THs" AEITH o

myThread.start()

# 02 Ao} B850 Adoe 2SN, 'HE' HEf7t Eof.
# =0z Y2 FREC

myThread. join()

print("My Thead has entered a ‘Dead' state")

o sk Ay
threadWorkerzts T8 FodEdl, ol AAE A9 a3l A
threadWorker 3= @A) AHEIE £33511, time sleep(10)-S &3] 1027F oj7|31ch

threadWorkerE A 23t 3 ‘N2 AFE A E AYAISHC)

myThread = threading. Thread(target threadWorker)

ol AFE AAI= A MEL L= AJefoln, Aol Fadh AAH S ofF
) 23 At ol= thE #E S&dfort ittt

myThread.start()
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1 AAHO O 01 AIBSHAI % 5% BYE Hie| B2 U 2HE Ko} RSO THA| AIG ks AIHOE Slashs
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AHCE AZos Wl
o] HoM= AEet ZRAAF AAFshe Tt S dwE.

AdE N2}
sfol ol AHIE A% e ksl Mk, vl rEsk BEAds A
& T, T YR ol FshuA,

The: Aol AL, F2H) AIZk 742 B9k 9 Aleholl Sol7he 1hut 348 AAsEAL,
ol ket WA HE)E W, ghge) PHE)rng s THs) threading. Thread
AAS e 02 SR 7ieket g4es AR,

import threading
import time
import random
def executeThread(1i):
print(“Thread {} started".format(i))
sleepTime = random.randint(1,10)
time.sleep(sleepTime)
print("Thread {} finished executing".format(i))
for 1 in range(10):
thread = threading.Thread(target=executeThread, args=(1i,))
thread.start()
print("Active Threads:" , threading.enumerate())
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Yole|e stoll Ad= Fehie) 5t9] oAl B AH='S Helskn, che Al
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o AF = A Qhof| EFAE Hsict
o AFTCE 2735t At AR WQ] Thread. __init__(self)E &3t}
o AH TSI ARME o SEEE run() SE At

from threading import Thread
class myWorkerThread(Thread):
def _init__(self):
print("Hello world")
Thread.__init__(self)
def run(self):
print("Thread is now running”)
myThread = myWorkerThread( )
print("Created my Thread Object")
myThread.start()
print(“Started my thread")
myThread. join()
prlnt("My Thread finished")

Foo #gk Y

9] FEoj|A] myworkerThreadeh= 7Hst SAE A=t AFE A28 4
gukore) AR Yol A W42l Thread. __init__(self) g8 SEJTH

71 % myThread start( )& A& i SEE1E run TE Felglict, 3l run 3 W
oA Z¥dsHA| print IS F3l 24 Ao A AHE st A= FEEES

% qek.

e
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A
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import os
def child():
print ("We are in the child process with PID= %d"%os.getpid())
def parent():
print ("We are in the parent process with PID= %d"%o0s.getpid())
newRef=0s.getpid()
if newRef==
child()
else:
print ("We are in the parent process and our child process has
PID=%d"%newRef )
parent()
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import threading
import time
def standardThread():
print("Starting my Standard Thread")
time.sleep(20)
print(“Ending my standard thread")
def daemonThread():
while True:
print("Sending Out Heartbeat Signal")
time.sleep(2)
if __name__ == '__main__":
standardThread = threading.Thread(target=standardThread)
daemonThread = threading.Thread(target=daemonThread)
daemonThread. setDaemon(True)
daemonThread.start()

standardThread.start()

Jcof #3t HAd

9 FEoME BZlo2 F2FBhs daemonThread % HlE0] obd ARt A= 8 4
9J3lt}, standardThread S SR AEIE 13| £8381aL 2027 RR3th
daemonThread X 913 Q while WHERo] Eoj7}y, 2&u}t} Sending Out
Heartbeat Signalo]e}T ZSaIT), ofi BE 390 0k B3e APae ojulat,
main g ARk A o) GlE AY =g Sk, BF start() HAEE AR
t} daemonThread 42| setDaemon T ARRSIT) o] Sl st AdlE AXE
e Seateg o) ol Avea vy RS,
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o] Mol ol L2 I YojA] ole] 22 ES AR Rt e duec,
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HA AEE PR T ol BE A EE ARk ol for HHEEE 0|43 o
2 7P| A= AAE BA98taL, FUE REEE WollA AlRbaEct o AAoflA = A
€ Fshe g A, A Fa AR B S5 AEE 2, AR SR A
g Fesject

3%, 1089] for ¥ HHEO 2 executeThreadE B O 2 2|A3E 10712 7iE Agl=
A AR vz A= AAE dastal, dA A F9) AYEE EEgich

A
AR ZEE AmHRa)

import threading
import time
import random
def executeThread(i):
print("Thread {} started".format(i))
sleepTime = random.randint(1,10)
time.sleep(sleepTime)
print("Thread {} finished executing".format(i))
for 1 in range(10):
thread = threading.Thread(target=executeThread, args=(1i,))
thread.start()
print("Active Threads:" , threading.enumerate())
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{Z glelu|e|2 k= executeThread 5 A3t A
time.sleep() T T2 E3) 104 10711 F2H=2
ez} Elck,

thee 2 156 10711] HEEE= for £& A A= dRP7F i o &= AR
A= AREA S, =S Ak thaat go] &3 Aol

$ python3.6 00_startingThread.py

Thread 0 started

Active Threads: [<_MainThread(MainThread, started 140735793988544)>,
<Thread(Thread-1, started 123145335930880)>]

Thread 1 started

Active Threads: [<_MainThread(MainThread, started 140735793988544)>,
<Thread(Thread-1, started 123145335930880)>, <Thread(Thread-2, started
123145341186048)>]

Thread 2 started

Active Threads: [<_MainThread(MainThread, started 140735793988544)>,
<Thread(Thread-1, started 123145335930880)>, <Thread(Thread-2, started
123145341186048)>, <Thread(Thread-3, started 123145346441216)>]

AICE 0|26H T2 4L U3

AHER 2 ololubz B, 49 Ho} AHES B EAlo] BE Loptirim 2z
T Aol FATE AL ofth Ul 44 Ao AYSE BE o) gTY, 4%
° 373 wojackn Bt

ol HEAQ ARG She 404 Bal Z2 o] $58 YA Pezek
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import time
import random
import threading
def calculatePrimeFactors(n):
primfac = [}
d=2
while d*d <= n:
while (n % d) == 0:
primfac.append(d)
n//=d
d+=1
if n> 1:
primfac.append(n)
return primfac
def executeProc():
for 1 in range(1600):
rand = random.randint(20000, 100000000 )
print(calculatePrimeFactors(rand))
def main():
print("Starting number crunching")
t0 = time.time()
threads = []
for 1 in range(10):
thread = threading.Thread(target=executeProc)
threads.append(thread)
thread.start()
for thread in threads:
thread.join()
tl = time.time()
totalTime = t1 - t0
print("Execution Time: {}".format({totalTime))
if __name__ == "'__main__":
main()
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A

import threading
import time
import random
def myThread(i):
print("Thread {}: started".format(i))
time.sleep(random.randint(1,5))
print("Thread {}: finished".format(i))
def main():
for i1 in range(random.randint(2,50)):
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thread = threading.Thread(target=myThread, args=(1i,))
thread.start()
time.sleep(4)
print("Total Number of Active Threads: {}".format(threading.active_count()))

if _name__ =="'_main_ ':
main()

Cofl B d¥
AUEH, 258 50713 9] F219] Ao AHEE Ads) FAk ARt 54
5 AHC] S0ttt Foi7l AYEE BT s, 42 FU4 /5 dHE AR,

threading.active_count( )& Z&3] print £o& APZS S0k

}-11

=1
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80 AIC LIEHH

A o AHE7F SAE=R] 20 Atk threading.current_thread() 35 ARE
gt

of

A

import threading
import time
def threadTarget():
print(“Current Thread: {}".format(threading.current_thread()))
threads = []
for 1 in range(10):
thread = threading.Thread(target=threadTarget)
thread.start()
threads.append(thread)
for thread in threads:
thread. join()
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2E0] 9 47
threadTargeto|2k= e @A) AHEE &3ttt thaog A Yo v vy
& AAsH, AEE A 10708 sl v ol Ytk 1 3, AHEE AE 2Us)] =

2I0] gA7] FREA ¢ o, 2] F& 298 thedt Erh

$ python3.6 10_gettingCurrentThread.py

Current Thread: <Thread(Thread-1, started 123145429614592)>
Current Thread: <Thread(Thread-2, started 123145429614592)>
Current Thread: <Thread(Thread-3, started 123145434869760)>
Current Thread: <Thread(Thread-4, started 123145429614592)>
Current Thread: <Thread(Thread-5, started 123145434869760)>
Current Thread: <Thread(Thread-6, started 123145429614592)>
Current Thread: <Thread(Thread-7, started 123145434869760)>
Current Thread: <Thread(Thread-8, started 123145429614592)>
Current Thread: <Thread(Thread-9, started 123145434869760)>
Current Thread: <Thread(Thread-10, started 123145429614592)>

HY AfC
SE sl T2 agol M 174e] 2HE7} Q) o] w9l Adsat Fink, 9t
OO AL ol A AH7} HMEH. HES BH3LT nain_thread() TS A

3l &Y 4 QU

A

import threading

import time

def myChildThread():
print("Child Thread Starting")
time.sleep(5)
print(“Current Thread ---------- ")
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print(threading.current_thread())

Print("—-----mmmmmmm e ")
print("Main Thread ------------- ")
print(threading.main_thread())

print("-------=--mmmmmmmmme oo ")

print("Child Thread Ending")
child = threading.Thread(target=myChildThread)
child.start()
child.join()

Fco] B A

Ol'

9] =0 myChildTreadzhe I8 23] Fojsta At A¥stist A4E &
= A gzlo] 8 Zlo|tt, 3G FroliMe BA =0t gl Af =g Adiz
ST

a0 23S AR YO Hork, M2 M AUCSE AFSk 23ttt the
292 Fusia,

$ python3.6 15_mainThread.py

Child Thread Starting

Current Thread ----------

<Thread(Thread-1, started 123145387503616)>

Main Thread ------=====--
<_MainThread(MainThread, started 140735793988544)>

Child Thread Ending

Hepajg) 2H4] A= A7 WA SHE DL MainThread 244 Ayt tgo 2 &
Ly
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DE AYC SN3HI
A7) GestE A S AuskIA BE AYSE AR T W7 Yk ST Fol
7 ohZ Ao M) ofel Ad|=r} AF LA 1 XS ¥ S gt

T3 mo|H2 7|22 o2 BE A= HAE X|Ysle], Hadt JHE e+
AL, HHHA FEZ = Atk the oA Z=E AL

oA

import threading
import time
import random
def myThread(i):
print(“Thread {}: started".format(i))
time.sleep(random.randint(1,5))
print("Thread {}: finished".format(i))
def main():
for 1 in range(4):
thread = threading.Thread(target=myThread, args=(1i,))
thread.start()
print("Enumerating: {}".format(threading.enumerate()))
if __name__ == '__main__":
main()

FCof I3t v

9 FEof A myThreadehs 1M B8 B8 55 AT 229 lo g 2)1g%
ot Y e 2F =0 AIRME o) £9E|T, 100141 5 Afo]e] A A7t Bt Rt
3 & 3 FRE

o2 4719 A= ARE A7 AYYske maln TE A3 AR, A=
A3} Alzto] BT, threading enumerate( )] 23S &2},
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$ python3.6 07_enumerateThreads.py

Thread 0: started

Thread 1: started

Thread 2: started

Thread 3: started

Enumerating: [<_MainThread(MainThread, started 140735793988544)>,
<Thread(Thread-1, started 123145554595840)>, <Thread(Thread-2,
started 123145559851008)>, <Thread(Thread-3, started
123145565106176)>, <Thread(Thread-4, started 123145570361344)>]
Thread 2: finished

Thread 3: finished

Thread 0: finished

Thread 1: finished

ANE 2913t

AR B4 Aol A 7H 2AEE EY 4 Ylofof Fiek, ofZeAolo] 44 7
o) A= o)z A9, Z2 I HuiZolt BAIE BGE H Be £e e &
it AATA ATEst 1 vle] 2le Aaystn girke, e 1ERIE A
= Fo}, o), 49 77} WskE Qeiskn 7o) o8 olfx] dl&sis ol
olo] STk aha}, AUES T 72 2ES, Shbs WSE Uestn Unixs B
2% Qake S3ysiA Bk,

U AVEE s3she A =0 HAsH Fgte=H Al B =] gtk

A
o] djl Aol A 7etslA Thread—x(x= 574 xheta Hgsfict

import threading
import time
def myThread():
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print("Thread {} starting".format(threading.currentThread().getName()))
time.sleep(10)
print(“Thread {} ending".format(threading.currentThread().getName()))
for 1 in range(4):
threadName = "Thread-" + str(i)
thread = threading.Thread(name=threadName, target=myThread)
thread.start()
print("{}".format(threading.enumerate()))

nyThread @4 18 WA Qohr) 3 P4k WA 2= )3 st
threading.currentThread().getName( )& ARM3hH, AH = Adfo] A|2ME] 1 FH2E uf

ki

opRlete g EA) B4 A3 0l BE AYEE STk

$ python3.6 11_identifyingThreads.py

Thread Thread-0 starting

Thread Thread-1 starting

Thread Thread-2 starting

Thread Thread-3 starting

[<_MainThread(MainThread, started 140735793988544)>,
<Thread(Thread-0, started 123145368256512)>, <Thread(Thread-1,
started 123145373511680)>, <Thread(Thread-2, started
123145378766848)>, <Thread(Thread-3, started 123145384022016)>]
Thread Thread-0 ending

Thread Thread-2 ending

Thread Thread-3 ending

Thread Thread-1 ending
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2HEE TR Y
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SiA|gk A AR, Aol SRo] WAT U tlAUSS AU gho.
Y, ZEA|Rol olale 2le Aasior G ZaAik Adse] HabE Wyolu
2, olHQ) e ohtieks Zzadle] AHshA FREH ARME A 2ds
F2 LIRS TR ANt & 2ol

A

from multiprocessing import Process
import time
def myWorker():
tl = time.time()
print(“Process started at: {}".format(tl))
time.sleep(20)
myProcess = Process(target=myWorker)
print(“Process {}".format(myProcess))
myProcess.start()
print(“Terminating Process...")
myProcess.terminate()
myProcess. join()
print("Process Terminated: {}".format(myProcess))
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o] F=of| A myworker () T AlRHE AjZhE &30, 2027 5 AEHIE 2=t
thgog TaAA FelQl myProcessE A5 myWorker -8 A3 EFZIOZ AJ}
Z2AAE A2 terminate HAEZ FA] £533ch T2 o] 77| FEHh=
Ao £ =0, HAR myProcess TEA|AE= 202 v|Rko 2 AlSPE )

29

$ python3.6 09_killThread.py

Process <Process(Process-1, initial)>

Terminating Process...

Process Terminated: <Process(Process-1, stopped[SIGTERM])>

20t ZZHA

Top LAz et B L2 AT gl AYEE Wit ol A2d A4
o ek ok R S S 23 A, WA BAHE 2d=g AANNYL ST
% gict,

1 2UMH= HEN AUIEE CHEMN?

AG7HA) A ol Aolgg Abmgn, olig AHEE 2 HHEEIA ofF
A AW Be AU Bl voll AHEY Alag AdS thg oS R
4 £TEG0IS tiRUsHE YRl Fasict
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2UpAY, ZEAAL AdEc B efcher oA s BelAASI) 25| o
folch, ERAAE 2129 GIL QA2 oS wme, Qubel Ad=rct CPU 7]
AL o S 4 o

S}AIgF CPU 7]t BAIESE ohUje} Be: Apelo] 2R EIThe AHLE ojof Sk, B %
o] Amglch A, M Asha F251717h YEcHe Foltt, the Al B
B ag=e) Aol Aol FlXIE FaFS AR, el T2 Aok v maA,

T

A

import threading
from multiprocessing import Process
import time
import os
def MyTask():
print("Starting")
time.sleep(2)
t0 = time.time()
threads = []
for 1 in range(1@):
thread = threading.Thread(target=MyTask)
thread.start()
threads.append(thread)
tl = time.time()
print("Total Time for Creating 10 Threads: {} seconds".format(tl-t0))
for thread in threads:
thread. join()
t2 = time.time()
procs = []
for 1 in range(10):
process = Process{target=MyTask)
process.start()
procs.append{process)
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t3 = time.time()
print("Total Time for Creating 10 Processes: {} seconds".format(t3-t2))
for proc in procs:

proc.join()

=] et 4

23 449 AdE} ZEAA BE B0 S MyTask TS HelRie,

10 W4eof) Al2F AlZbe WA A1, A7t E2EE W S A B4E BE
SHE AAE AP, AR 7128 A, ST 2dSs sk Ags) AT
Asgol) 228 FA) ARES AAHEE,

oo FUT AT AA Z2AAE AN, ofdels AHEst obd mEAA
MpAjolT), ThAl A8 AR 2K AR 1 ROl Qe W, Gt A
Aol A2 AREE oF 108 BEGCH TEA|20lA2] AZbo] A= Hrt 108 o4 B3
22 4 gtk ) RIS 2L Thet 2o,

[20:08:07] ~/Projects/Python/Chapter 03 master
$ python3.6 13_forkVsCreate.py

Total Time for Creating 10 Threads: 0.0017189979553222656 seconds
Total Time for Creating 10 Processes: 0.02233409881591797 seconds

% 7] QF B 7R Ae] A9 ARE 207 AR, 40 S ) ZRAA A
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A EX http://www2.cs.uic.edu/~jbell/CourseNotes/OperatingSystems/4_Threads.htmi

03% Agic 2toi= | 105



CHHS

thid fsgol A o] Ao AR AFETt 1709 AHd A =gt vyt ARAH &
Jeg ag%02 ARE 4 YA, ARAF =T} AAEE SUT A A=
A2 1 9 A== HXH

NN
NS

34— AR} AHE

«—7{d A=

A EX: http://www2.cs.uic.edu/~jbell/CourseNotes/OperatingSystems/4_Threads.html
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The oAl A solpie] RefRtede g o] g8 A LAl £AIE FRSREAL RS2 23
UERATE Philosopher S0t RS thea} o] A 51,

class Philosopher(threading.Thread):
def __init__(self, leftFork, rightFork):
print("Our Philosopher Has Sat Down At the Table")
threading.Thread.__init__(self)
self.leftFork = leftFork
self.rightFork = rightFork

Philosopher Eeie Wol] Wi A= SA2RE A&l AB/442L g o] &
Z 4 02& Z32 3t} A% AZehe AY =S 27881 o]E A E ohe
T} o] 28 =9 run & Aot

def run(self):
print("Philosopher: {} hasstarted thinking".format(threading.current_thread(}))
whileTrue:
time.sleep{random.randint(1,5))
print("Philosopher {} has finished thinking".format(
threading.current_thread()))
self.leftFork.acquire()
time.sleep(random.randint(1,5))
try:
print("Philosopher {} has acquired the left fork".format(
threading.current_thread()))
self.rightFork.acquire()
try:
print("Philosopher {} has attained both forks, currently eating".format(
threading.current_thread()))
finally:
self.rightFork.release()
print("Philosopher {} has released the right fork".format(
threading.current_thread()))
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finally:
self.leftFork.release()
print("Philosopher {} has released the left fork".format(
threading.current_thread()))

run FOAE 1014 52 Aole] Al Az B9 Azt Astatel Azt ezt B
U, 9% 258 AT thA] FAS] A B A2ekE, 24 o) SR
7] AR XD, AL el BUstadt 9 2% EaE At itk 9% 9 9

2% 258 2% ¥7) A BE Aubt Bk

¢

29
Sjo) sol Z2IWE Aoy WAL 2 $7) Ho| L4 Heoe Tt
Ak o e WA RE wIA7E el 7k, QL EE EAF F1x|ehs Aol whch

ol
-

S 220 W) AUAlA A, Ak, B AT FE RS 2 5 U 3
A5k A|7ho) ofi= A= Altel AR BE HopA} 9% B3 BES THA, the 4RO

2 Yot & glZs &+ 3tk

Marx has started thinking

Russell has started thinking
Aristotle has finished thinking

Marx has finished thinking

Aristotle has acquired the left fork
Aristotle has attained both forks, currently eating
Aristotle has released the right fork
Aristotle has released the left fork
Aristotle has finished thinking
Russell has finished thinking

Kant has finished thinking

Spinoza has finished thinking
Aristotle has acquired the left fork
Marx has acquired the left fork
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Russell has acquired the left fork
Kant has acquired the left fork
Spinoza has acquired the left fork
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Thread 1 Theead 2 integer value
0
read value - 0
increase value 0
write back - 1
read value | « 1
increase value 1
write back | - 2

SR AxR I 2™t F718) fiAHUSS TSR] g7, Eézdliz AS} 224
£ B AAIZ o AY S AXY 275 Wit

Thread 1 Thread 2 integer value
0
read value - 0
read value |+~ 0
Increase value 0
increase value 0
write back - 1
writeback | — 1

sz
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join HlAEE AdErt F2E yrp] R A =0} 6 APER] oA wokeEt, ol
Aoz T2 A7t HAU, A=A g2 d9 A5 DA oE dAE 4
HEA},

import threading
import time
def ourThread(i):
print("Thread {} Started".format(1i))
time.sleep(i*2)
print("Thread {} Finished".format(1i))
def main():
threadl = threading.Thread(target=ourThread, args=(1,))
threadl.start()
print("Is thread 1 Finished?")
thread2 = threading.Thread(target=ourThread, args=(2,)})
thread2.start()
thread2.join()
print("Thread 2 definitely finished")
if __name__ == '__main__":
main()
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import threading
import time
import random
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counter =1
def workerA():
global counter
while counter < 1000:
counter += 1
print(“"Worker A is incrementing counter to {}".format(counter))
sleepTime = random.randint(0,1)
time.sleep(sleepTime)
def workerB():
global counter
while counter > -1600:
counter -=1
print("Worker B is decrementing counter to {}".format(counter))
sleepTime = random.randint(@,1)
time.sleep(sleepTime)
def main():
t0 = time.time()
threadl = threading.Thread(target=workerA)
thread2 = threading.Thread(target=workerB)
threadl.start()
thread2.start()
threadl. join()
thread2. join()
t1l = time.time()
print("Execution Time {}".format(t1l-t0))
if __name__=='_ main__':
main{)

9] AL 7o E Fetan 27h0] AHEE Qs AMg st ole, ek 2t
8 FHEEI7E QbR AR Ae=o] 1 2siA Bk,

Import threading

Import time

Import random

counter =1

lock = threading.Lock()
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def workerA():
global counter
lock.acquire()
try:
while counter < 10060:
counter +=1
print(“Worker A is incrementing counter to {}".format(counter))
sleepTime = random.randint(0,1)
time.sleep(sleepTime)
finally:
lock. release( )
def workerB():
global counter
lock.acquire()
try:
while counter > -1000:
counter -=1
print(“Worker B is decrementing counter to {}".format{counter))
sleepTime = random.randint(0,1)
time.sleep(sleepTime)
finally:
lock.release()
def main{):
t6 = time.time()
threadl = threading.Thread(target=workerA)
thread2 = threading.Thread(target=workerB)
threadl.start()
thread2.start()
threadl. join()
thread2.join()
tl = time.time()
print("Execution Time {}".format(tl-t0))
if __name__=='__main__":
main()
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import threading
import time
class myWorker():

1 By 2=8H of2] 71X| g2l 2RI XIREA ASE $ U= 72 - 8210|
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def __init__(self):
self.a=1
self.b=2
self.Rlock=threading.RLock( )
def modifyA(self):
with self.Rlock:
print("Modifying A : RLockAcquired:
{}".format(self.Rlock._is_owned()))
print("{}".format(self.Rlock))
self.a = self.a + 1
time.sleep(5)
def modifyB(self):
with self.Rlock:
print("Modifying B : RLock Acquired:
{}".format(self.Rlock._is_owned(}))
print("{}".format(self.Rlock))
self.b = self.b - 1
time.sleep(5)
def modifyBoth{self):
with self.Rlock:
print("Rlock acquired, modifying A and B")
print("{}".format(self.Rlock))
self.modifyA()
self.modifyB()
print(“{}".format(self.Rlock))
workerA = myWorker()
workerA.modifyBoth()
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$ python3.6 04_rlocks.py

Rlock acquired, modifying A and B

<locked _thread.RLock object owner=140735793988544 count=1 at 0x10296e6f0>
Modifying A : RlLock Acquired: True

<locked _thread.RLock object owner=140735793988544 count=2 at 0x10296e6f0>
<locked _thread.RLock object owner=140735793988544 count=1 at 0x10296e6f0>
Modifying B : RLock Acquired: True

<locked _thread.RLock object owner=140735793988544 count=2 at 0x10296e6f0>
<unlocked _thread.RLock object owner=0 count=0 at 0x10296e6f0>
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import threading
import time
class myWorker():
def _init_ (self):
self.a=1
self.b=2
self.lock = threading.Lock()
def modifyA(self):
with self.lock:
print("Modifying A : RLock Acquired: {}".format(self.lock._is_owned()))
print("{}".format(self.lock))
self.a = self.a + 1
time.sleep(5)
def modifyB(self):
with self.lock:
print("Modifying B : Lock Acquired: {}".format(self.lock._is_owned()))
print("{}".format(self.lock))
self.b = self.b - 1
time.sleep(5)
def modifyBoth(self):
with self.lock:
print("lock acquired, modifying A and B")
print("{}".format(self.lock))
self.modifyA()
print("{}".format(self.lock))
self.modifyB()
print("{}".format(self.lock))
workerA=myWorker( )
workerA.modifyBoth()

Al
m
o
%
u

04% Az 2t &7I1E 125



ALIM
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def Condition(*args, **kwargs):
“""Factory function that returns a new condition variable object.
A condition variable allows one or more threads to wait until they are
Notified by another thread.
If the lock argument is given and not None, it must be a Lock or RLock
object, and it is used as the underlying lock. Otherwise, a new RLock object
is created and used as the underlying lock.

Al 9] YL M TRFAroser g Ao g Besuay T2l
S ARG ool HEsha 1 e Aol YRt e s, Hirole)
3 TN 718 AR EAfE
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Publisher
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class Publisher(threading.Thread):
def __init__(self, integers, condition):
self.condition = condition
self.integers = integers
threading.Thread.__init__(self)
def run(self):
while True:
integer = random.randint(0,1000)
self.condition.acquire()
print("Condition Acquired by Publisher: {}".format(self.name))
self.integers.append( integer)
self.condition.notify()
print("Condition Released by Publisher: {}".format(self.name))
self.condition.release()
time.sleep(1)

Subscribe

Subscribe ZHAE nhR7EAZ RIS} run T47 ok, ABAIRRE AB|E 4 g
o] 71&1} AU A 57138} Zeu|e| HE F3irt,

run 3 RN E YA 838 AGH 2 St aiY 2E 88314} oh, A8
7} olE 83 th= FES S8okaL F vlidolA A MR FE etk AF
Aoz Ed, Y Zeu|eEE dejAstar, ohA] B Ao dS A8t

class Subscriber(threading.Thread):
def __init__(self, integers, condition):
self.integers = integers
self.condition = condition
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threading.Thread.__init__(self)
def run(self):
while True:
self.condition.acquire()
print("Condition Acquired by Consumer: {}".format(self.name))
while True:
if self.integers:
integer = self.integers.pop()
print(“{} Popped from list by Consumer: {}".format(integer, self.name})
break
print(“Condition Wait by {}".format({self.name))
self.condition.wait()
print("Consumer {} Releasing Condition".format(self.name))
self.condition.release()

AlZfst7]
main F=eoflA] AR F ATE she A WS UA AdAch 2 F A =0
E|EE At

upxeo =, 174) eyl 2709) AEAE Aot thaoR BT A A=et
ZRJsHH, 2 =7t AyYstr] H7R] FaER] A FH.

def main():
integers = []
condition = threading.Condition()
# g
publ = Publisher(integers, condition)
publ.start()
# #=a
subl = Subscriber(integers, condition)
sub2 = Subscriber(integers, condition)
subl.start()
sub2.start()
# A= RO

publ.join()
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consumerl.join()
consumer2.join()

if __name__=='_main__
main()

2 4 Sleh, WAL A A axs, W

$ python3.6 03_pubSub.py

Condition Acquired by Publisher: Thread-1
Publisher Thread-1 appending to array: 108
Condition Released by Publisher: Thread-1
Condition Acquired by Consumer: Thread-2
108 Popped from list by Consumer: Thread-2
Consumer Thread-2 Releasing Condition
Condition Acquired by Consumer: Thread-2
Condition Wait by Thread-2

Condition Acquired by Consumer: Thread-3
Condition Wait by Thread-3

Condition Acquired by Publisher: Thread-1
Publisher Thread-1 appending to array: 563
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class _Semaphore(_Verbose):
# Tim Peters' MOMZO{ S22 O|RO0|L} SYSHA| QJCH 2ISHZLE ORLICH).
def __init__(self, value=1, verbose=None):
if value < 0:
raise ValueError(“semaphore initial value must be >= 0")
_Verbose.__init__(self, verbose)
self.__cond = Condition(Lock())
self._value = value

semaphore Z2}29] A2} ol HE o) M|lo] glom 7]EH o2 19] gk Fgict,
S o] el AnkzolE thew o) el
MIOEEZO = release( ) £F F,oA acquire() &
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TicketSeller S22

HA| TicketSeller SPAE LR EAL, o] SefAE 2| W 7ReE 2 B 7o) ]
of T =3] Hefgict, AR A A EE 27|58k Aotzole] 7128 A ojgich
run g=eoflAe Bl 7R Bl 471 0 olstolH AmbazolE a sk, oxct 2
ticketSeller7} ofgt E]2 2218 F7HA17]1H, ticketsAvailable2 1 ZH2A|FIch 1

o
T, AutzolE dejasta By S

Class TicketSeller(threading.Thread):
ticketsSold = @
def __init__(self, semaphore):
threading.Thread.__init__(self)
self.sem = semaphore
print("Ticket Seller Started Work")
def run(self):
global ticketsAvailable
running = True
while running:
self.randomDelay( )
self.sem.acquire()
if(ticketsAvailable <= 0):
running = False
else:
self.ticketsSold = self.ticketsSold + 1
ticketsAvailable = ticketsAvailable - 1
print("{} Sold One ({} left)".format(self.getName(), ticketsAvailable))
self.sem.release()
print("Ticket Seller {} Sold {} tickets in total".format(self.getName(),
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self.ticketsSold))
def randomDelay(self):
time.sleep(random.randint(0,1))

9] FEoIAE Ticketseller SHAZ FOgic) o Seat 7o) Aukzo] AR 3
HALE ZH AAAE TAE, AdEE 27150 run el 004 12 Alo]
o E275He while MHEES HoS) AnkEolg AR, AnkEo] 23 HF3ct
o T Ejfo] QIR Bldtch, Wl Elge] Uk ticketssold A4S F7HA7)

11, ticketsAvailable A1 &, 2& 3o 435 St

O|AI7IA] TicketSeller SH LS A=, the} ZHo| TicketSellerd] BE QIAH
28 A= Anpzo] AAE HA AYAJsljof gt

# MOLRO| Z2(0jElY

Semaphore = threading.Semaphore()

# EI20 oy

ticketsAvailable = 10

# Y A4

sellers = []

for 1 in range(4):
seller = TicketSeller(semaphore)
seller.start()
sellers.append(seller)

# BE 2Ac 29l

For seller in sellers:
seller.join()

52
9lo] Ze IS Asystel, thet ol FeETh, B Aol 4ol AHE Ao|
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$ python3.6 06_semaphores.py

Ticket Seller Started Work

Thread-1 Sold One (9 left)

Ticket Seller Started Work

Ticket Seller Started Work

Ticket Seller Started Work

Thread-1 Sold One (8 left)

Thread-3 Sold One (7 left)

Thread-3 Sold One (6 left)

Thread-4 Sold One (5 left)

Thread-2 Sold One (4 left)

Thread-1 Sotd One (3 left)

Thread-4 Sold One (2 left)

Thread-2 Sold One (1 left)

Thread-3 Sold One (0 left)

Ticket Seller Thread-4 Sold 2 tickets in total
TicketSeller Thread-1 Sold 3 tickets in total

Ticket Seller Thread-2 Sold 2 tickets in total
Ticket Seller Thread-3 Sold 3 tickets in total
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o isSet(): OHIEZ} AR EA] &gt

o set(): o|HIEE A3l

o clear(): o|HIE A5 Mt

o wait(): YR E27} ol € wiztx] E27Fc
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import threading
import time
def myThread(myEvent):
while not myEvent.is_set():
print("Waiting for Event to be set")
time.sleep(1)
print("myEvent has been set")

def main():
myEvent = threading.Event()
threadl = threading.Thread(target=myThread, args=(myEvent,))
threadl.start()
time.sleep(10)
myEvent.set()
if __name__=='__main__':
main()

Ssof B 47
91 SLEIAI myThread B8 HLIBEH, o B0 while WEEL o= 24 B
47t aAlEs Foteh et YR Bl 12 402 olES ti7lste gt
+ 3] Egdd.

main F=pofis BE A AAE U= oHIE AAE Hosict, uwlebi] myEvent =
threading.Event( )& 3531, o|HIE AHE A2 QAAHASBIT]

myEvent Z4] WY&} AHE AA = AAHASSIT A3Pitt myEvent A EE ARFs17]
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import threading
import time
import random
class myThread(threading.Thread):
def __init__(self, barrier):
threading.Thread.__init__(self)
self.barrier = barrier
def run(self):
print("Thread {} working on something".format(threading.current_thread()))
time.sleep(random.randint(1,10))
print("Thread {} is joining {} waiting on Barrier".format(threading.current_
thread(), self.barrier.n_waiting))
self.barrier.wait()
print("Barrier has been lifted, continuing with work")
barrier = threading.Barrier(4)
threads = []
for 1 in range(4):
thread = myThread(barrier)
thread.start()
threads.append(thread)
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for t in threads:
t.join()
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$ python3.6 08_barriers.py

Thread <myThread(Thread-1, started 123145344643072)> working on something
Thread <myThread(Thread-2, started 123145349898240)> working on something
Thread <myThread(Thread-3, started 123145355153408)> working on something
Thread <myThread(Thread-4, started 123145360408576)>working on something
Thread <myThread(Thread-1, started 123145344643072)> {s joining 0

waiting on Barrier

Thread <myThread(Thread-3, started 123145355153408)> is joining 1

waiting on Barrier
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Thread <myThread(Thread-2, started 123145349898240)> is joining 2
waiting on Barrier

Thread <myThread(Thread-4, started 123145360408576)> is joining 3
waiting on Barrier

Barrier has been lifted, continuing with work

Barrier has been lifted, continuing with work

Barrier has been lifted, continuing with work

Barrier has been lifted, continuing with work
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1 JI2N9 [ig #X

sjojie] 71E AR TAE AR Tl AAE Ao Yeig nj7 3)

o}, SHIE AHE0] QPRRE BB ofefR AR T2 AT BASE o ol
EEE CLERY

ME

Yk stoliol WElAAE Zhe] BAIE AT 1, AE Aol W02 set S
A8 o|§3ME THE B WUE set FALE IS Zolth, HRTht Ut Bste
Wale) o HAUSS TR 4 AT,

=y Palils

ojHE o] 83l SAE RS HE-2 ofYPR] gt} 7|E9] mo|M set EEA
FEE 4= LockedSet EEiA AAE Aottt 3 S22 0] AALlA lock 4
A€ BAstaL, 2= Mo A52R8-& 23) the: ThrollA] ARGl

th&-© 2 add, remove, contains TS A oJ3t}, o]&L2 3t 714 9|9 el = super &
A Fhpell A3, ZF dr W BE S ARGo] o A7) 17]9] AgleRrt A
Y= =& YJRE 2718, L= Ao|2E FEFIC

e set EHAE 1 Q| mlo| Zaju|EjBof FAYsh= FEE FUT HZYE AL
gtk o|ZH Faghe] 20 & F S FheE o] 88 = Ut

e Al A eunjEaStck Ovrflowo] Buglofl ] 7EAkTHhp: //stackoverflow, com/
a/13618333/2903188), Tha- A== o] AolA ThE= T3 HAEE 2 Aysial o},

class LockedSet(set):
"""A set where add(), remove(), and 'in' operator are thread-safe"""
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def __init__(self, *args, **kwargs):
self._lock = Lock()
super(LockedSet, self).__init__(*args, **kwargs)
def add(self, elem):
with self._lock:
super(LockedSet, self).add(elem)

def remove(self, elem):
with self._lock:
super(LockedSet, self).remove(elem)

def __contains__(self, elem):
with self._lock:
super(LockedSet, self).__contains__(elem)

O|FA SHAE I A E Ao 2A S ISk FHiE tiEES] To]d =
oE|HOA et ol FFie] 84F AR FEIH WX, A=
84 FEol SuFEA ElElE Tart Qi

A 718 ZEjujE 8 &

7M1 o] SNAE BB A= A0 S FESHAL FAE Yo glol 1 F
7F o) A= PYAE AF3taAL B AR melujel R sk WHE AR
ol TRt wol ZejujEjHo] FUT FEZ oFA AT 5 YA HoAETh

GIZH0IE]
A Tl majo|EEE SAFSIE A A1 $88X) AR AU Ao]= FAIE
St 7 9re) 7149l W E Houlopr,

IFNA Fa o= wF oy g &gl Ao] Yt ol fAUSE

locked_methodZS $8H= decorator HAE=F A o)} o] decorator HAE = Y+
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N2 HAEE AoJ3li, self. lock 8&0] UL wvt 7|& HAEE SE3iT)

H| LA 0 R Ho|x|uk ol T= YHAMe] 07 HES AC Mo|x el 2 vy, 7
21 44 glo] 358 = A itk

kS dAoflA miAE WE AXY Ze 21& ghowA] jiElsk= decorator HAEE
FHBN A},

def lock(method):

def newmethod(self, *args, **kwargs):
with self._lock:
return method(self, *args, **kwargs)
return newmethod

class DecoratorLockedSet(set):
def __init__(self, *args, **kwargs):
self. lock = Lock()
super(DecoratorLockedSet, self).__init__(*args, **kwargs)

@locked_method
def add(self, *args, **kwargs):
return super(DecoratorLockedSet, self).add(elem)

@locked method

def remove(self, *args, **kwargs):
return super(DecoratorLockedSet, self).remove(elem)

adiA Q2 H0IE

o2 wjmdol e ol oAlolA & W B Uolrh, slAE 1713k sk 2 dof
Selx Yjo] RE Y4B BBE AT Mol Halog BE sad)
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the- A oA S A giZE oy FrE FHI=A] A EAL A2 lock_
class T HAE AEQ} lockfactoryS QAR &, dZdolel2 PYAH HAE
o]Z3} lockFactoryE #5l= lambda T2 HlElsich

o= make_threadsafe® &3 ZYAS AX|= AABAS 27318}, self. lock
= lockfactory()2te M2 BAHALE Aolgttt, o] make_threadsafe T
methodnames 2] =& f|4ATE E0 lock_method =2 ZF t| AT E 243l

ol 28E|E S AA Eefiie) TR 7P bl S Wl sk

from threading import Lock

def lock_class(methodnames, lockfactory):
return lambda cls: make_threadsafe(cls, methodnames, lockfactory)

def lock_method(method):
if getattr(method, ‘__is_locked', False):

raise TypeError("Method %r is already locked!" %method)

def locked_method(self, *arg, **kwarg):
with self. lock:
return method(self, *arg, *xkwarg)
locked_method. name_ = '%s5(%S$)' %
(' lock_method', method.__name__)
locked _method. is_locked = True
return locked_method

def make_threadsafe(cls, methodnames, lockfactory):
init = cls.__init__
def newinit(self, *arg, **kwarg):
init(self, *arg, **kwarg)
self._lock = lockfactory()
¢ls. __init__ = newinit
for methodname in methodnames:
oldmethod = getattr(cls, methodname)
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newmethod = lock_method{oldmethod)
setattr(cls, methodname, newmethod)
return cls

@lock_class(['add', 'remove'], Lock)
class ClassDecoratorLockedSet(set):
@lock_method # GE 2 Ojatat®M, TypeErrorst Sdsict,
def lockedMethod(self):
print("This section of our code would be thread safe")

CIAE

7lERoz elasing Adsolt s, o) Hasd] HIE e Tskt,
22 Tz ehd dlolelt A BB gow, Hlo|eE ehsh WSt
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%) 9471 Sk Bk, ol BE A= Aol zsjo]uiol4 Tejstc,
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Fraveve = ofe] 71X FHIZ AFEIL Aot golMoAe WAl queue BEOA] AR
Q1 7, LifoQueue, PriorityQueueh= Al 7HX] el o] & Al Z3ict,

71EA 0 R Fh= mo| || A A Rof QbHEIH, o]+ o Ze|Alo| dof|A F& g3t o)
B3 & JAUESES FEY BoUt gl ol o= okt Adlsel ZaAAv}
A B4 oS w21 7HHSA LRsFe st i)

FIFO 5
FFO™: M rstowt 34 ool x| Agake 71EAe) 7 78 Heick, sraiublo]d 3
i) Afgol WA AXISHL, 5 ¥ Aol M2 Akt 7 oiAUSS U,

A EX: hitp://javaworldwide. blogspot.co.uk/2015/07/implementing—blocking—queue—in—java. html

ol HAUSLE N 83L& T A 4= U3, 718k AP ol mt
grpRtEe) A Alzto] 2887 7Thsd & At

Ofixi|
oHl AAo) A<= queue. Queue( ) Z4AE B-8-3f FIFO 7|Hke] HE T3 =AY,

import threading
import queue
import random
import time
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def mySubscriber(queue):
while not queue.empty():
item = queue.get()
if item is None:
break
print("{} removed {} from the queue".format(threading.current_thread(), item))
queue.task_done()
time.sleep(1)

myQueue = queue.Queue( )
for 1 in range(10):
myQueue.put(i)

print(“Queue Populated")

threads = []

for 1 in range(4):
thread = threading.Thread(target=mySubscriber, args=(myQueue,))
thread.start()
threads.append(thread)

for thread in threads:
thread. join()

TCof st 4y

9 AAlel A= stol g0 75 Bel2th th322 mySubscriber 35 o8 F
A AR EE HEAH =] Blzle g 83ttt

the-9] mySubscriber = A1) A] myQueue = queue.Queue( )S 33| F2 A5}
o, 0F-E] 9712] AFE Fojd=tt,

UpR|gfo g, A= Ajo] L Foll A AREERILA} of 2 A EF Ak AAR AT
o] 2 =S AlAtel, AH= A7 queue A2 QIRLZ 3 A= 2Igtct,
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FEg Agetd )] 2ot HE Fol YUY 2AKE 228 FolM AEsHe
2448 8 4 9ok, TR FolH A HAR 9131 00] B Aok

$ python3.6 00_queues.py

Queue Populated

<Thread(Thread-1, started 123145445732352)> removed
<Thread(Thread-2, started 123145450987520)> removed
<Thread(Thread-3, started 123145456242688)> removed
<Thread(Thread-4, started 123145461497856)> removed
<Thread(Thread-1, started 123145445732352)> removed
<Thread(Thread-3, started 123145456242688)> removed
<Thread(Thread-4, started 123145461497856)> removed
<Thread(Thread-2, started 123145450987520)> removed
<Thread(Thread-1, started 123145445732352)> removed
<Thread(Thread-3, started 123145456242688)> removed

from the queue
from the queue
from the queue
from the queue
from the queue
from the queue
from the queue
from the queue
from the queue
from the queue

W oo N O U s W N =2 e

LIFO 7

LIFQstnfrstout .= elubie] Hols Aukehz Fakec) 3wl of <rojulo] ulgs}
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UH &M 1,234+ EH&AM4,321

4 £ hitp://www.transtutors.com/homework—help/accounting/inventory—valuation—lifo/

Of| x|
the | A|of| A LifoQueueD A 2l8) 158 1074K] $:A1S Y}, theo 2 771 w7t
A RE 845 FAg] wpdc),

import threading
import gqueue
import random
import time

def mySubscriber(queue):
while not queue.empty():
item = queue.get()
if item is None:
break
print("{} removed {} from the queue".format({threading.current_thread(), item))
queue.task_done()
time.sleep(1)

myQueue = queue.LifoQueue()
for 1 in range(10):
myQueue.put(i)

print("Queue Populated")

threads = []
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for 1 in range(2):

thread = threading.Thread(target=mySubscriber, args=(myQueue,))

thread.start()
threads.append(thread)

for thread in threads:
thread.join()

print("Queue is empty")

9] =L A UNHAQ FIFO 53 AR 23t o) thax] et xjolge

Z2IYe AR L) 8 Wi 242} Ao AL
£ B UeixlE FIFO 5 Feie} 7o) Susitt,

$ python3.6 01_lifoQueues.

Queue Populated

<Thread(Thread-1, started
<Thread(Thread-2, started
<Thread(Thread-1, started
<Thread(Thread-2, started
<Thread(Thread-1, started
<Thread(Thread-2, started
<Thread(Thread-2, started
<Thread(Thread-1, started
<Thread(Thread-2, started
<Thread(Thread-1, started
Queue is empty

s o queue. Queue( )

Py

123145362374656 )>
123145367629824)>
123145362374656 )>
123145367629824 )>
123145362374656)>
123145367629824)>
123145367629824 )>
123145362374656 )>
123145367629824 )>
123145362374656 )>

removed
removed
removed
removed
removed
removed
removed
removed
removed
removed

)€ ARERE 2ok,

thAl queue. LifoQueue(

S B N W & 01 O N 00w

from
from
from
from
from
from
from
from
from
from

the queue
the queue
the queue
the queue
the queue
the queue
the queue
the queue
the queue
the queue
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o

myQueue
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PriorityQueue

ThA] Bl5-31RHE, T3 Hot FoofjA] Urt sAET B a3 1R, 557 50l A
oha 317}, o]’ ARlollA] o]lE2 th7]ES] W eko 2 9 u|37]7} o] F3}7| Mo u]F
LA Eujska glojok gt

ohA] 3, F wlFHUEol Qlol $XE97t =0 Fojth, A& Ao lojA= 94
9] dAUEES vlgo R vjad Fo31K] 32 Aol 73 ATk &0t Fa3 3
o] W32 A 3ok gict, o|2idt o|f-2 PriorityQueue ZH|7} ST
PriorityQuevet= HlojEl7} Auittd F83H7] 7H5AlE Fol Foll Fojdeth dwt3
2l queue 4|9} B2| HE& A3 priority_numberS A WA gho g E 2o do F
o 5=t

b

k2 dlAlo)A (1,1)58 (5,5)7HA] F HEQ] glo|elE Y& PriorityQueued AJ/4Jst
t}, 33 g, ol oFFAE ¢ wi7hA] PriorityQueued]A] tlolE & Wi =4}
£ Aottt

import threading
import queue
import random
import time

def mySubscriber(queue):
whilenot queue.empty():
item = queue.get()
if item is None:
break

print("{} removed {} from the queue".format(threading.current_thread(), item))
queue. task_done( )
time.sleep(1)
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myQueue = queue.PriorityQueue()

for 1 in range(5):
myQueue.put(i, 1)

for 1 in range(5):
myQueue.put(i, 1)

print("Queue Populated")

threads = []

for 1 in range(2):
thread = threading.Thread(target=mySubscriber, args=(myQueue,))
thread.start()
threads.append(thread)

for thread in threads:
thread.join()

print("“Queue is empty")

ICo et 24

9 FET oA 2 o] ol AR FEolt], 2ol HL queve RS 27)3ksk ]
3} Foll 012 Y uhio] kA Amolc},

myQueue = queue.PriorityQueue()

for 1 in range(5):
myQueue.put(i, 1)

for 1 in range(5):
myQueue.put(i, 1)

9l Fe BEX o] £ HES Foll Y, 2% ¢} priority_number®} datad Zt12

ATt
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$ python3.6 02_priorityQueue.py

Queue Populated

<Thread(Thread-1, started 123145475166208)> removed
<Thread(Thread-2, started 123145480421376)> removed
<Thread(Thread-2, started 123145480421376)> removed
<Thread(Thread-1, started 123145475166208)> removed 1 from the queue
<Thread(Thread-2, started 123145480421376)> removed 2 from the queue

0 from the queue
0
1
1
2
<Thread(Thread-1, started 123145475166208)> removed 2 from the queue
3
3
4
4

from the queue
from the queue

<Thread(Thread-2, started 123145480421376)> removed
<Thread(Thread-1, started 123145475166208)> removed
<Thread(Thread-2, started 123145480421376)> removed
<Thread(Thread-1, started 123145475166208)> removed
Queue is empty

from the queue
from the queue
from the queue
from the queue



queue Ml
A AG3t queue ZAolA o] RO RE 2 uff ARE-EN= theFSE BEE] gA=r) Qi)
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Z2ORME F F71E AFE = olok shetll, 73 =717 ARG ol
20 2= MemoryErrors7t WAigIcE, mbold L2 ol ARRE = Sl wiRE 2]
£ AlAste] nr a2 Qls) Algk=tt,

o) 27|12 ARRFO R EHOR lRe] BRZEE BEY 4 ok Rl 7
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import threading
import queue
import time

def myPublisher(queue):
while not queue.full():
queue.put(1)
print("{} Appended 1 to queue: {}".format(threading.current_thread(),
queue.qgsize()))
time.sleep(1)

myQueue = queue.Queue{maxsize=5)

threads = []
for 1 in range(4):
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thread = threading.Thread(target=myPublisher, args=(myQueue,))
thread.start()
threads.append(thread)

for thread in threads:
thread. join()

REE UYshA, 7 2} Fol S 1 9 WaTt L A M 1749 UaE
W RS 2 4 9k oln) F7h B ek of 7|1, BE =S SR

$ python3.6 09_fullQueue.py

<Thread(Thread-1, started 123145399971840)> Appended 1 to queue:
<Thread(Thread-2, started 123145405227008)> Appended 1 to queue:
<Thread(Thread-3, started 123145410482176)> Appended 1 to queue:
<Thread(Thread-4, started 123145415737344)> Appended 1 to queue:
<Thread(Thread-1, started 123145399971840)> Appended 1 to queue:

v b W N

join() ¥
queue Z4A|9] join() T A AHE AYS Fo| BE Yavt Uz yizix]) E27)
3tct, ol AgE wirkA] WRF ARRRS HAs|Rs A3 A F o B}

o
ohe Aol T AHoI Bohlh FEAE of A BAah I3 & 7
7H A 24 MAES &

import threading
import gqueue
import time
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def mySubscriber(queue):
time.sleep(1)
while not queue.empty():
item = queue.get()
if {tem is None:
break
print("{} removed {} from the queue".format(threading.current_thread(), item))
queue.task_done( )

myQueue = queue.Queue()
for 1 in range(5):
myQueue. put(i)

print("Queue Populated")

thread = threading.Thread(target=mySubscriber, args=(myQueue,))
thread.start()

print("Not Progressing Till Queue is Empty")
myQueue. join()
print("Queue is now empty")
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A AA A= queue AAHE JAE FHE= mySubscriber $pg H3ict, o] T
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$ python3.6 10_queueloin.py

Queue Populated

Not Progressing Till Queue is Empty

<Thread(Thread-1, started 123145410052096)> removed 0 from the queue
<Thread(Thread-1, started 123145410052096)> removed 1 from the queue
<Thread(Thread-1, started 123145410052096)> removed 2 from the queue
<Thread(Thread-1, started 123145410052096)> removed 3 from the queue
<Thread(Thread-1, started 123145410052096)> removed 4 from the queue
Queue is now empty

deque %il
Tl EE Tl gl et Ad|s BAIS QhHEH S8
Al Zejoje]Ee} of7]ofl= collections HE©] Q1o], F UZFKoA 43t wij= 2

B2 Alejshare Akl fo g2l F2o] YAk,

A

import collections
doubleEndedQueue = collections.deque(’123456")
print("Dequeue: {}".format(doubleEndedQueue))

for item in doubleEndedQueue:
print("Item {}".format(item))

print("Left Most Element: {}".format(doubleEndedQueue[0]))
print(“Right Most Element: {}".format(doubleEndedQueue[-1])})

doubleEndedQueue. remove('1")
print("Removing Element: {}".format(doubleEndedQueue))
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ELEE N
ool F oA collections RES Ea9} deque HAE AMLFET} AE B
deque Z4A|o)| '123456' & F=rl= 2Ju]2 collections.deque( '123456' )2 S35} 3
F ARE A3t

O 2 deque ZAIE £33, YT ZE 94 WE 9] deque AH|7} Ro|A) 3}, &
3| 31127} deque ZAIE BHESHA iE o] AAES E3it), nix|gte g JHt 9
& 9 7H L8R U YA4E Fot it

9

Z2IYA AA BE Y&E HHESHI] A dequeds EFETT, tEo2
doubleEndedQueue[0] 2 S &3 713 §29] A4AE ZHAYSLY, doubleEndedQueue[-1]
&M oeze) YAl ST,

$ python3.6 03_deque.py

Dequeue: deque(['l', '2', '3', '4', '5', '6'])
Item 1

Item
Item
Item
Item
Item 6

Left Most Element: 1

Right Most Element: 6

Removing Element: deque(['2', '3', ‘4', '5', '6'])

(Vo R VS I S |

A ZFIr6t

3 Aol AL deque AiF|0) BE A4S AT AmiRE A 483 & QA
HHA o 2+ AXE7]Y JEAgo] Wasit) o dAolAl append( )2} appendLeft()
T AN 28 Y4E deque AR g = Hofl oo}
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The- FEo)A deque 0] 2 S0l ZF UAT S7hs)Ec,

import collections
doubleEndedQueue = collections.deque('123456")
print("Deque: {}".format(doubleEndedQueue))

doubleEndedQueue.append('1')
print("Deque: {}".format({doubleEndedQueue))

doubleEndedQueue.appendleft('6"')
print("Deque: {}".format({doubleEndedQueue))

FEof I EA
oA S AhHEH deque Z4A|2] doubleEndedQueueS AJAJ3H} the-0 2 3 deque?)
A el E £23LLL, append() T8 ARRS 79 Eof 94 1& FUKdtH O %

S RIS, oAl

deque ZHA| Q] e §F ¥ © &9}, 2x
s —

appendLeft() TE B3l Y 68 7 dofl F7131t

29

9 =235 st 1014 67119 F+5 B 4= Utk append(1) T8 ARGE) 18 &
7F5HH deque ZHA|9] Eol 10] F7tE]o] 2EE & 4= Utk the-CE appendLeft(6)
T8 TE8) thA] E2sl L deque A9 ol 60] =7RES-& & 4= QUth

$ python3.6 04_addRemoveDeque.py

Deque: deque(['1', '2', '3', '4', '5', '6'])

Deque: deque(['l', '2', '3', '4', '5', ‘6', '1'])
Deque: deque(['6', '1', '2', '3', '4', '5', '6', '1'])
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HIHE, deque ZiAo] Y& YU4AE HAF R 4L w7} glct oju HEE 39l
pop( ) X popleft()E ARE3Ect

A
The Z=0lA pop( )3 popleft() B4E Mg 3] 2] Azkat ol U2 o @A A
A g,

import collections
doubleEndedQueue = collections.deque('123456")
print("Deque: {}".format(doubleEndedQueue))

# RN 245 HOHHCE,

rightPop = doubleEndedQueue.pop( )
print(rightPop)

print("Deque: {}".format(doubleEndedQueue))

leftPop = doubleEndedQueue.popleft()
print(leftPop)
print(“"Deque: {}".format(doubleEndedQueue))

Fof AjH A
$] I A% up7EAE doubleEndedQueve ZAAIE A A3 15E 6714 2k Wit
A T AL 712 H o2 ojudiz] &3 HojFr)

HA] rightPop W5 A3} doubleEndedQueue pop( )2 E53 deque ZA|Q) 713+
QEX S AR, 11 5 AW 40t A deque AR 2] AEIE S-St

OR7IAIR, popleft() WIAEES B-83) deque ZAIS] 7FE R A g2 AAsiEc
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o] leftPop Higrol ol S U3HA SR deque ZHA Aeiet A S23ict

&9
=2 0] £28 pop( )3} popleft() F==oll 2J3f BRIt 7]5:9] deque ZA|L} pop()
< 53 deque Z4A| 2] Tk} 3hE Ao E&of| EE3IT)

ELiy
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TheC 2 popleft()E 223 deque ZAA2 71 oF Y48 7AW

$ python3.6 05_removeDeque.py

Deque: deque(['1', '2', '3', '4', '5', '6'])
6

Deque: deque(['l', '2', '3', '4', '5'])

B

Deque: deque(['2', '3', '4', '5'])

A Aot

deque ZiAofl Y2F P Zlo] E7Hs3IHY, deque A= -83H4] & Zolnt

A
TR slAlol A 54 2ol YaE AR A AFUSh=A] A EAL,

import collections
doubleEndedQueue = collections.deque('123456')
print("Deque: {}".format(doubleEndedQueue))

doubleEndedQueue. insert(5,5)

print(“"Deque: {}".format(doubleEndedQueue))
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$ python3.6 06_insertDeque.py
Deque: deque([‘1l', '2', '3‘, '4', '5', '6'])
Deque: deque([‘1l', '2', '3', '4', '5', 5, '6'])

IS

queve AR QIXI7H QFQIA] S4-91A|of wet .8, YOS n¥ SW 4 ek,

A
the AAlellA deque ZiA|ofl Tt HlAE QAP Fo= H S8 ol P 27 dh

S HAAKEAL

import collections

doubleEndedQueue = collections.deque('123456")
print("Deque: {}".format(doubleEndedQueue))
doubleEndedQueue.rotate(3)

print(“Deque: {}".format(doubleEndedQueue))
doubleEndedQueue.rotate(-2)

print{"Deque {}".format(doubleEndedQueue))
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SFe] Aol M YikHel deque A AAIT 1308 6744 ke Yok 1 AAE
seshn e2zo @ 371 slAAART,
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P D 24T AR BUSHE R e The TL WA,
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Fm(g) - Hseees
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Q= 000000
Q. corae ()= OO000O
AT

PeRIToe Cartey
uUqwT
0. corame (-3)= OO0000
Pegahne (otude s RAA
(EeT

12 9

31 1

A EX: http://www.transtutors.com/homework—help/accounting/inventory—valuation—lifo/

29
The 2N B 4 QR0l, Heol 158 67b7 417} ololaltt, 1 ¥ gmo = A
¥ sls), Yavt ol A B 4 vk

ThA 5 §I2 Sps) BE Udvt otk B2 oSS B 4 gk

$ python3.6 08_rotateDeque.py

Deque: deque(['1l', '2', '3*, '4', '5', '6'])
Deque: deque(['4', '5', '6', '1', '2', '3'])
Deque deque([‘'6', '1', '2', '3', '4', '5'])
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el
SECEES REE BEERE L EIEECLE DR PEECEE L bl
shAfafo} S

olait AYUL Cravler FAAE TE9 w2 gt of7lols B4R U4, U T

5, BX processLink 38 ZHZF Y=th

Crawler S22

2SS YASILA AA Crawler ZYAE Fogic) o7|ol= IELL 35t 3
E9E 2|29 PAE ol W= A vla=rF WA Aot

Algtol| &= HTTPS 830]l B3t urllib, request, urllib,parse, ssl, BeautifulSoup
BEL B2} BeautifulSoup ZE-S HTML 210]E ohAlshs 31-S 44| S=8fsfzct.
S AdolAs HeE Adstar, EF At E1 base_url M5 WHET, https://
tutorialedge net/ AO|ES FETFcHA o)== base_url2 Ho, g Eojjlo|Agt 2
E53 X3t}

22 myssl HEAES HAs] HTTPS 839 HEAES HIlth, npx|gte s,
errorLinksZ}al 22 HAgh A2EA8}3) 2007 o)3te] 4] 2= drle 3=

g gt

from urllib.request import Request, urlopen, urljoin, URLError
from urllib.parse import urlparse

import ssl

from bs4 import BeautifulSoup

class Crawler:
base_url = "'

myssl = ssl.create_default_context()
myssl.check_hostname=False
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myssl.verify_mode=ssl.CERT_NONE
errorLinks = set()

3% th& base_url2 A48 2289 constructor TS A3}

Th3- 2 2 crawl, enquevelinks A& HAEE At} o] g3 2JAEQL queue 7
A UnkToCranl: 2 Feh. ol s 227} ok 25 U= gIkehd A4 vl

A, linksToCrawlol enqueued %} x| QEUTHH queue ZHA|o] Z=7}31c}.

def __init__(self, base_url):
Crawler.base_url = base_url

@staticmethod
def crawl{thread_name, url, linksToCrawl):
try:
link = urljoin(Crawler.base_url, url)

if (urlparse{link).netloc == 'tutorialedge.net') and (link not in
Crawler.crawledLinks):
request = Request(link, headers={'User-Agent': 'Mozilla/5.0'})
response = urlopen{request, context=Crawler.myssl)
Crawler.crawledLinks.add(link)
print("Url {} Crawled with Status: {} : {} Crawled In Total".format(
response.geturl(), response.getcode(), len(Crawler.crawledLinks)))
soup = BeautifulSoup(response.read(), "html.parser”)
Crawler.enqueuelinks(soup.find_all{'a'), linksToCrawl)
except URLError as e:
print("URL {} threw this error when trying to parse: {}".format(link, e.reason))
Crawler.errorLinks.add(link)

@staticmethod
def enqueuelLinks(links, linksToCrawl):
for link in links:
if (urljoin(Crawler.base_url, link.get('href')) not in Crawler.crawledLinks):
if (urljoin(Crawler.base_url, link.get{'href')) not in linksToCrawl):
linksToCrawl.put(link.get('href'))
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A
th2o 2 3 4L main py IS FH3M= Aojtt, o= ¢ A&7 TR 39 A|AHY
olg} & 4= Qlrt,

a3t BET CheckableQueueE A Bt A= o|Fof g}, 82 &, 3
ool B4 o2 AYE]y] Mo AY =g Aot € 2889 52 1/0 A= 3,
OoFst A EE Atk 212 HE] 1/0 Y HTTP 832 A0l =351 3},
Th2 O 2 createCrawlers 5 Fodh= o] Y43{Q A e i}, 1 &, A4
9 BE AY=S elo she U 8 Rolth o BolaE Zolgle] v
3hH linksToCrawl 2] get() WAEE I &3} get() o2 HAME 247] Noneo|H,
2 EE 2838131, A Crawler.crawl() T35 3&3] URLS 223}l current_
thread, URL, linksToCrawl 7= QA= 3},

olA| main Trg Aojict WA diAA I EFHA} Sl= URL(https://tutorialedge,
net/)& Hohed], SA50] 24 AdsE S, 38elS AawAsiela, 1 v W
O|EF A EH3= AETE = base_urlS IAE 3t}

Ao 2 main = Woll createCrawlers() 42 AYJ3laL linksToCrawl 735 &
QI3 7o BE avt Add ujrkx] g3 Asfo] x| A gt

import threading

import queue

from Crawler import *

from CheckableQueue import *

20
CheckableQueue( )

THREAD_COUNT
linksToCrawl

def createCrawlers():
for 1 in range(THREAD_COUNT):
t = threading.Thread(target=run)
t.daemon = True
t.start()
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def run():
while True:
url = linksToCrawl.get()
try:
if url is None:
break
Crawler.crawl{threading.current_thread(), url, linksToCrawl)
except:
print(“Exception")
linksToCrawl.task_done( )

def main():
url = input("Website > ")
Crawler(url)
linksToCrawl.put(url)
createCrawlers()
linksToCrawl. join()
print("Total Links Crawled: {}".format(len(Crawler.crawledLinks)))
print("Total Errors: {}".format(len(Crawler.errorLinks)))

if __name__ == ‘__main__'
main()
queue Z4H] &7317]

AA AN queue A&} LA F-ESIaLAL F, SHA|T o] F & © S| A= Z2

P37} olo] AEHHHY, o|Fo o ol AEFE Foll ¥4 A dh

import queue

class CheckableQueue(queue.Queue):
def __contains__(self, item):
with self.mutex:
return item in self.queue

def __len__(self):
return len(self.queue)

05% Azc 7tol g4 | 167



S0 B 2N

oFo] F oA queue MBS ETH=, queue.Queue ZHE] AFSRES- CheckableQueue
=
=2

the o2  contains__ WAEE Aol YaE o)ty Halamtes Skasirl ot
Ch 3t 7 ool ofu] Ak Y47t AEA] ERlstaiat FE PdstA =33ttt

_ g AojEl, 7ol dolE Wittt SastAle ANk 2208 AY 5

age} dokug AYPEA Yol GBS Ak

£
https://tutorialedge net/& UFsl) &2 ZEIHS AP, Z=THL hteps://
tutorialedge net/o| A} 3= BE d|o|X|&E FAEHA Hot,

#lo]z}& 2HS wjulr} linksToCrawl CheckableQueue ZA|o] F7ten A=l o] 2
ShHA] Fol QEAFE Eelt, theo g A5 S 2T URLE BRIshkes &
gl & wimrh S8sim, HTTP AFejet 2533 WA #o)A] = BojEr,

$ python3.6 main.py

Website > https://tutorialedge.net

Url https://tutorialedge.net Crawled with Status: 200 : 1 Crawled In Total
Url https://tutorialedge.net/series/blog/ Crawled with Status: 200 : 2
Crawled In Total

url
https://tutorialedge.net/post/webdev/difference-between-class-id-selector-c
ss/ Crawled with Status:

200 : 3 Crawled In Total

Url https://tutorialedge.net/page/9/ Crawled with Status: 200 : 216 Crawled
In Total

Url https://tutorialedge.net/page/10/ Crawled with Status: 200 : 217
Crawled In Total

Url https://tutorialedge.net/page/11/ Crawled with Status: 200 : 218
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Crawled In Total
Total Links Crawled: 218
Total Errors: 11

¥ Yol
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2, 109k 29] 73 A2 2L HAE 942 AU FAYCHY sx) 2T
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A3 G BES Hch N2Re] 2 Sg0] ot B7lo] £343] Hisjor & Alolct.

TS Aol AFSHe oy, BEO) 1Y FA% BEUS HAsske © FFshy, 1
39 309 $EOZ AP, YA Z2AE PN BE 2 HaEs)
£ RS A AU B, NAUL 2] RS SRE PPHS AR
gAE7} Pastt,
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CHl HIAE
] Blamwtetgl Beo) ald Tl TU9lS HAEsE T adYs AFolt, o
§hao 2 whojel TeolA B4E onigi,

gto| oA ] HIAEE 2 off /M HA G5l Hok & HE-S mold 3,69 W
ZF 259l unittest BEO|C}

PyUnit
PyUnito|gt Zutoll A JUnitg wto] o2 7@ Aot 7|22 02 Al F== 99 =
AE BFo|n, glAE] Hagt BE Ho] o= ot

ol A

HAE =g 7o) WA a3t AL unittest RES Baje= Aot} 7143 =8
HAESE= o] Hagh Aol ZgE] ok

1 % simpleFunctiong o3l 1A} SIS 3l 1S o3 BRIt A== oA &
24 o W-80] T 280l & S, T ¥F & AFo] FAH R G o
AUEE SRIsE 2 art Qi

theof F0)2 ol 4] unittest. TestCaseZHE] AFEES SimpleFunctionTest S=lA
£ B3It} o7]A setUp} tearDown T8 FL3ict o= HIAE M52 FRHHEh
upxjato 2 71AF $A1Q) unittest.main( )& &3}

import unittest

def simpleFunction(x):
return x + 1

class SimpleFunctionTest(unittest.TestCase):

def setUp(self):
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print(“This is run before all of our tests have a chance to execute")

def tearDown(self):
print(“This is executed after all of our tests have completed")

def test_simple_function(self):
print("Testing that our function works with positive tests")
self.assertEqual(simpleFunction(2), 3)
self.assertEqual(simpleFunction(234135145145432143214321432),
234135145145432143214321433)
self.assertEqual(simpleFunction(0), 1)

if __name__ == '__main__'
unittest.main()

22
9] T2 IS AW setlp W47 BAH WL, BY HAE Ao} Holof

2 5 tearDown <=7} A Ect

I8 & HIAE A8l Sla= Ay A|7F HA) AEE S8
$ python3.6 00_unittest.py
This is run before all of our tests have a chance to execute

Testing that our function works with positive tests
This is executed after all of our tests have completed

Ran 1 test in 0.000s

0K

HAE 83517
ol Hojix| 7idsHA ghrg ElAESfRTE 0] HF2E AMATT =3t gl AY

HAE, oFA] 2 Zo] Ert
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Alo|xo| ZHFEof 3lH, o]& XHl3joF & HojFrt T Ag= 22 IR oy
7, A 9 =24 0FE e dl o] viAA AR WA Y el AHER FAEE Ala
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et Wavt Uehdr] A ole) Wiz 9 A 52 AAREE tshe ARl B
7Fs3lth, ol2igt Adlo M= Pdb E-& ARG B 1S s Aok 3t

PyCon®) o] E g 7| Reymond Hettinger 1= 2 x| -8 271817 Kol T A= w4l
2 ZAFAIAF gk o]F-E F AP hitps://www, youtube, com/watch?v=
Bv25Dwe84g0&t=640s 5 HZ3}3},

Pdb

sho] 4 T]m|#|Python Debugger Q] pdbi= mo|o] 72 o2 EFHE tMAR, T
0] 71 A i) 2§38 Eoltth. Pdbi= 8% Alo] X AelY] &5 Hghs Rl
g = QA s, dAZ s F=E AYPsiAu FA-E Ak T A4S 7
A gt

PdbE AMGsl 2203 T2 UHFE & = e, BHBE 5 AU AFo) 7hs3t
Th Sk RS A3l =8 AT, the Rl 552 ook siy skt

PY 1(‘1]_)_1‘_5_“5&)
o n(ERe")

e ¢ (7;“ _é'\_z‘;}_7] continue )
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o s(TAP)
o r(aks}y|return)
o b(EA|}7|oreak)

e python

9 87t 71H4UA] eThd, 28 ARSS Pdb7t A¥El= B2t AN 7Hsd WO
E5S HISE 4 ok BB BFo7t FEEY BREHA 2L

(Pdb) ?
Documented commands (type help <topic>):

- A table with all of the commands - not shown for brevity

dst oA
the TS St 5 W) of| Zlol AY A4 Beku sus. ofg 93
209 AW YA the BE BEU,

import pdb; pdb.set_trace()

St Zo) A3 23S AP T E°] AP AF7A A7t HE
3 Eoll Tk W7kx] Pdb diskE Ejmjdo] AR, 2] AR AJEE U
ISR} A AT E TRt BFolE 8 4 AT

from timer import Timer
from urllib.request import Request, urlopen
import ssl

def myFunction():

# ZEIAEZ M5 https AOIEE 2EYTIC
myssl = ssl.create_default_context()
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myss1.check_hostname=False

myssl.verify_mode=ssl.CERT_NONE

with Timer() as t:
import pdb; pdb.set_trace()
req = Request('https://tutorialedge.net', headers={'User-Agent': 'Mozilla/5.@'})
response = urlopen(req, context=myssl)

print("Elapsed Time: {} seconds".format(t.elapsed_secs))

myFunction()

¢] FTE AP Ex}, PdbS B9} set_trace() Trt 9|3 A H7R] =T} Al
g 5 et ¢ Z2 oA 5 fA Eoll set_trace() TE Fole, 4 WA

HE RS E 5 Utk Ay FQ =5 HuA L EE Llist o5 59 A
CcE

$ python3.6 04_timeitContext.py

> /Users/elliotforbes/Projects/Python/Chapter
06/04_timeitContext.py(13)myFunction()

-> req = Request('https://tutorialedge.net', headers={'User-Agent':
‘Mozilla/5.0'})

(Pdb) 1

8 myssl = ssl.create_default_context();
9 myssl.check_hostname=False

10 myssl.verify_mode=ssl.CERT_NONE

11 with Timer() as t:

12 import pdb; pdb.set_trace()

13 > req = Request( 'https://tutorialedge.net', headers={'User-Agent':
'Mozilla/5.0'})

14 response = urlopen(req, context=myssl)

15

16 print("Elapsed Time: {} seconds”.format(t.elapsed_secs))
17

18
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0|5 FRIFEILA} http SH AAQ gho] o152 ©l, n FHE 0|83 ok E71A
Fr o] ALE|A skl 1 F response = urlopen(req, context=myssl)Z #3tch,

A& &3} A print(response) & ARSI ET} TO7 ohg & Qb Q= AAY A

£ e o glom, FE] 5 URLY gho] FAA] LA} geturl() FE SETT.

$ python3.6 04_timeitContext.py

> /Users/elliotforbes/Projects/Python/Chapter
06/04_timeitContext.py(13)myFunction()

-> req = Request('https://tutorialedge.net', headers={'User-Agent':
'Mozilla/5.0'})

(Pdb) n

> /Users/elliotforbes/Projects/Python/Chapter
06/04_timeitContext.py(14)myFunction()

-> response = urlopen(req, context=myssl)

(Pdb) n

> /Users/elliotforbes/Projects/Python/Chapter
06/04_timeitContext.py(16)myFunction()

-> print("Elapsed Time: {} seconds".format(t.elapsed_secs))
(Pdb) print(response)

<http.client.HTTPResponse object at 0x1031e2588>

(Pdb) print{response.geturl())

https://tutorialedge.net

Y solug vhg mhe Ushe ATE dnx 43 Fol vl fSelAolie o
A Alsgefry, shAgE Z2To] AdiiX T Herl Alzto] 22 Hela, Zheket ol
Aeko ze S84 gsret
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0 34 2M b

o Liof7t7| &, IO 3,62 Pdb 84 2ME AHEX], 07|14 CitZio| 2Rt 2
OE & 4 ULl https://docs.python.org/3.6/library/pdb.htmlS EII5LXL,

Ega

o

rin

KHAl AHICHIM OIQI RI2I5H))

He|AYS 7|9 ohE o) B A T 2] Lm0 £ ol of @A thelok
Y| FasiA| TRisof sick, o) AN Z2s AU FAS Mg, A4
$2 A 710] ool Th 1239 e oln] of3 Yoz chEget

the FEOAE A4 2P EcA RE AFE2 GAR S oFA HFeA] A
3] AHEn) sys RES B89 A9lof] Badt YHE FE3}, A E o= 5o

5 A
o

import sys
import threading
import time
import queue

def myThread(queue):
while True:
try:
time.sleep(2)
raise Exception("Exception Thrown In Child Thread {}".format(
threading.current_thread()))
except:
queue.put(sys.exc_info())

queue = queue.Queue()

myThread = threading.Thread(target=myThread, args=(queue,))
myThread.start()
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while True:

try:
exception = queue.get()
except Queue.Empty:
pass

else:
print(exception)
break

9l] solal Z2IHL Asstdl U F 2 ¥ A4 2S5 ololE WAL AL B
4 Qi ol A R 2SSt 0 AU Aol 7 Aol Yol 13 3
A= ol Pshe hio2 dolg ohe 4 gl

[20:22:31] ~/Projects/Python/Chapter 06 master

$ python3.6 07_threadException.py

(<class 'Exception’'>, Exception('Exception Thrown In Child Thread
<Thread(Thread-1, started 123145552101376)>',), <traceback object at
0x102320548>)

1 #xi0A

SSolA] Mxppgrenmeknaolgt Aigjo] duht We] FEEIEA T HSS 273
2 Wk, oy, o) o] th U Z2HES WA|mskat Sk ANrE o 23
Ay 7R3 To]x) 58 St

e HHBHE AW W HAH T2IH| BAY JENS e MAulS Akt
Lo, 2 % sjoa2 MARY 25 ol gshy, TEuUYos T2 Has)
Sk B ] dloleiE Helait,

of7)q mlol AR Wxu ol ohEelAol AL ofel YAl Foel, T=o ofiE] AR

ﬂF
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Al AR AAupske 2g Lith AA=e HHERP| o= 2AIE
HEo2 2o Mo} Fdd A & & AUt

Ha(-d Prob)em
|

A

i/ \ ’ \

A E£X: hitps://nickjanetakis.com/blog/breaking—down—problems—is—the—number—i—software—developer—skilt

T4 %A F=E AT 4 27 o) e ol oM B8 = Qe TRt
o] oy AT EAL

timeit 2§

To|Re] timeit BEE of¥ Aol AMgSjET) 7|23 02 sho|jof= Yl oA
olde] 2+ wfol = ©9je] H5-s ST Al TSk timeit BEO| T

timeit RE2 F=AS] WIAWF)E sl W2 gPPo=rel 328 Yol At

o TS PR S YYU > Y T HAT BEoIT},

0 timeit 2E0] Al M= https://docs.python,org/3/library/imeit htmioiA & 2 Ut
timeit BES Al&Fehs 2 FH Y Qe o] AE F3 oot
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timeit¥} time
time ZERT} timeit 22 ALLE of o] W& AHo] Q) timeit X EL time BHE
of w3l o HSRE A17he SsHIA rict

timeit RE2 T2 ofg] ¥ A Osol 7 gl 8oz Ry gars ¢

o} Askst A o] 71314 8 2 -7l AESo] W gtk
83 Al
B30l tineit ZES 0|83l H o] Mol thE TS ZZupelzlo] tha Wasic),

FA mold 18| B kel thefst A7} ey, AF7HR] ThE thkRE SAIE AN

e F4A &+ U

T timeit B3 27]
kS dAlof A 2712) AHEAQ T8 Adsh= o FH A
£ ARgsiict

ke =Ask= o] timeit 2

r\l

import timeit
import time

def funcl():
print("Function 1 Executing")
time.sleep(5)
print("Function 1 complete")

def func2():
print("Function 2 executing")
time.sleep(6)
print("Function 2 complete")

start_time = timeit.default_timer()
funcl()



print(timeit.default_timer() - start_time)

start_time = timeit.default_timer()
func2()
print(timeit.default_timer() - start_time)

9 FEoH AR EHE Aok, B APehL, S90] SR F AURE 38
5| &
F ol Y AZHS SHSILA T, 20 tineit BES AT WAzt glo] B

t},

Ay

import timeit
import time

def funcl():
print("Function 1 Executing")
time.sleep(3)
print("Function 1 complete")

def func2():
print("Function 2 executing")
time.sleep(2)
print("Function 2 complete")

tl = timeit.Timer("funcl()", setup="from __main__ import funci")
times = tl.repeat(repeat=2, number=1)
for t in times:

print("{} Seconds: ".format(t))

t2 = timeit.Timer("func2()", setup="from __main__ import func2")
times = t2.repeat(repeat=2, number=1)
for t in times:

print("{} Seconds: ".format(t))

186



Fo] A=A = timeit Woll AlZhE S8t Hast T8 B 2= 2709 Timer 3
A& Adstz} JAEASSICE
ZF Timer 24l A] . repeat() HAEE S5 repeat = 2 ¥ number = 1 QIAIE

o} TE7} whE | Agsix] ZAsic

p2)

gl

=g Yyt chewt 2L At et

$ python3.6 timeitCode.py
Function 1 Executing
Function 1 complete
Function 1 Executing
Function 1 complete
3.002750840038061 Seconds:
3.0001289139618166 Seconds:
Function 2 executing
Function 2 complete
Function 2 executing
Function 2 complete
2.0005433409824036 Seconds:
2.00145923596574 Seconds:

Hi32H01E &26t)

SHAIGE Tht A FEE pFo s ARISHAY St I= A4S Dlsfjor & w7t
Ack, 8| = molox= ol ZAIE siAsET.

decorator 32 A3 AHE-OZ timeit.default_timer()oll Thdt 2719 3&& F3|
o] dage 7 4 Qlok O 3 o] E9 Aol Fot E&o ST

import random
import timeit
import time
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def timethis(func):

def function_timer(*args, **kwargs):
start_time = timeit.default_timer()
value = func(*args, **kwargs)
runtime = timeit.default_timer() - start_time
print("Function {} took {} seconds to run".format{func.__name__, runtime))
return value
return function_timer

@timethis
def long_runner():
for x in range(3):
sleep_time = random.choice(range(1,3))
time.sleep(sleep_time)
if __name__ == '__main__":
long_runner()

$ python3.6 05_timeitDecorator.py
Function long_runner took 5.008787009981461 seconds to run

EHOIZ HEMAE 2t2(Kt
HelAE Pelatzhwith B A9 o) Yeht dete) A8AES Hofshs AR
sfol Rl 4] A Tiner AUAE Helzt AAE Aols) ool obral e glo] 5%

PR AZRE ZHT W) AT 5 ok
4714 RYAE B} AR et ek
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from timeit import default_timer

class Timer(object):

def __init__(self, verbose=False):
self.verbose = verbose
self.timer = default_timer

def __enter__(self):
self.start = default_timer()
return self

def __exit__(self, *args):
end = default_timer()
self.elapsed_secs = end - self.start
self.elapsed = self.elapsed_secs * 1000 # 22|z
if self.verbose:

print('elapsed time: %f ms' % self.elapsed)

AR, B, FHYOE THE Tiner ZLE Fah YL 5hE Tinerrt 3
3} AZRE AR w7 A

TR thE oot Zo| mhol g ol A o] 83t 4= Tk

from timer import Timer
from urllib.request import Request, urlopen
import ssl

def myFunction()

# ZHHAEZ MM https AOIEE IEESICE.

myssl = ssl.create_default_context()

myssl.check_hostname=False

myssl.verify_mode=ssl.CERT_NONE

with Timer() as t:
req = Request( 'https://tutorialedge.net', headers={'User-Agent': 'Mozilla/5.0'})
response = urlopen(req, context=myssl)

print("Elapsed Time: {} seconds".format(t.elapsed))
myFunction()
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29
g Ash, ohaat Zo] a3d) deie AA AR Al B 5

$ python3.6 04_timeitContext.py
Elapsed Time: 0.5995572790270671 seconds

FCg ZRuYreing g tEelE duht AGSReR], Jeln Z2 o) AR
234 9 54 A0) AgT 2 WA $4E S0k et ol mE ezt Al
WM 2 452 Bobd o) 713 B AMg Sl £ 3 shtct,

AyrEoE Zawiolge A ma g FAommcormn sasolaly Bt slgE
242 Amsie, A4 3 7 TRl Z2IHS UgE ol 7is
£ 1970ITh 24FIBM/360 R [BM/370 SRE AIt|2 A& g2kict,

cProfile

cProfile moj¥o]] 712202 F4H C 7|4 BEolc}, F=A0) Hehe v &
5 ATEEA ofssfEA},

e ncalls: 275 Asox] g7} $24 35

o tottime: 574 & % Tr7h A== o 2™ AA AT

e percall: AA| AI7hE & 342 e ZF

e cumtime: £ & 9 =7t AYPEE o] 248 FF A7E
e percall: cumtimeS .5 32 &= 3t

e filename:lineno(function): AA| ZAst1A} sk 2 2 gk
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o Told ofjAlolA] ol2jat 448 AR} cProfile BES FE3) AR,

e Z2ukd oA
ol oAl AE o) BelM T Z2OE AR, tE HE Foll 848
oldE 2L BojFATh Wo| A7 £ WA Qlo] thedt Fsolmr 7 AuE A

import collections
doubleEndedQueue = collections.deque('123456"')
print("Deque: {}".format(doubleEndedQueue))

doubleEndedQueue.append('1")
print("“Deque: {}".format(doubleEndedQueue))

doubleEndedQueue.appendleft('6"')
print(“Deque: {}".format(doubleEndedQueue))

9 2N cProfiled TEEIE, e 1AL AAHOR WA Agsl, A=2
slero = EA|shE BAGES Hojay] Aol 24 Yol ATE Sedit

$ python3.6 -m cProfile 04_appendDeque.py

Deque: deque(['1l', '2', '3', '4', ‘5', '6'])

Deque: deque(['1l', '2', '3', '4', 'S5', '6', '1'])

Deque: deque(['6', '1', '2', '3', ‘4', '5', '6', '1'])
11 function calls in 0.000 seconds

Ordered by: standard name

ncalls tottime percall cumtime percall filename:lineno(function)
1 0.000 0.000 0.000 0.000 04_appendDeque.py:1(<module>)
1 0.000 0.000 0.000 0.000 {built-in method
builtins.exec}
3 0.000 0.000 0.000 0.000 {built-in method
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builtins.print}

1 0.000 0.000 0.000 0.000 {method 'append’ of
'collections.deque’ objects}

1 0.000 0.000 0.000 0.000 {method 'appendleft' of
‘collections.deque' objects}

1 0.000 0.000 0.000 0.000 {method 'disable’ of
'_lsprof.Profiler' objects}

3 0.000 0.000 0.000 0.000 {method 'format' of 'str'
objects}

Hoplg), 9 Z== gl AJ7te] A8 ]| gkt append$} appendleft WlA=7} 24
FAE EERSE & 5 91, i 2 A7to] AaFict upx]et ZollA format T4

7HA ¥ 2EEE & 5 el RIZRIZ vl A2 Aol A8 gt

Z o] o2& T2 IWL cProfiled AR ThEA}

import threading
import random
import time

def myWorker():

for 1 in range(5):
print("Starting wait time")
time.sleep(random.randint(1,5))
print("Completed Wait")

threadl = threading.Thread(target=myWorker)
thread2 = threading.Thread(target=myWorker)
thread3 = threading.Thread(target=myWorker)

threadl.start()
thread2.start()
thread3.start()

threadl.join()
thread2. join()
thread3. join()
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of Z2 IYoJ|A cProfiled HZYP3IH o|H =2 1343} v| e 1F A ERSIR] 4L ®l
o), & ¢ Y2 30| 34 Flo|t}.

o] AL Zeo] & © ApAlY], ZEA] % AV} Pl HEE 44 &
4 9ol £ o2 HABE o & o =g Heh,

5157 function calls (5059 primitive calls) in 17.354 seconds
Ordered by: standard name

ncalls tottime percall cumtime percall filename:1lineno(function)
1 0.000 0.000 17.354 17.354 01_timeit.py:1(<module>)

9 EolA o 229 A= 51572, o|Ae] 1) &0 w3 B v 59
"

ole 7 o] duht ST A% Aol7t AeAY, wiFEAIA glo] AT + U=
&5 AYFE HoAEH. o =79} 72 cProfile AlLEQ YR 2ol 5
A3 WHS AT, ALY AR 5 Y o+ =T U HRE AT
S,

line—profiler &

e Hloll B2 27 e 25l 718y o A7RS ARl 2E &5 A%
£ o] A9 BrMs3t o3|k o3t AP AF o2 & = e, =AM
H3l &2 - 2= 5 AAS B4 753l

line_profiler £2] 3% ol2jgt AYPS Z2 03 A A 3 X4 wepri 28,
ol nE Fc o] 7|EA<Q 48 A7hE AL ZAFE FoiEr), mtelRof 71220
2 WAH A ATk pip BEE 44 HA] 7St
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line_profiler & pip= thaa} ZHo| Ax|)H A},

pip install line_profiler

LEAALI line_profiler 22| XHF YAlof| 2HAO| QICHH, hitps://github.com/rkern/
line_profiler® &&5l2 B2},

kernprof &

kerprof &2 7|22 22 line_profiler 2o Zt= o]0, line_profiler =2 AME
3 A AR 4= St} line_profilerE o83 ZE2ulAstux} sh= FT=9] g A
HE & 5 ) ol 712X o2 gprofile HlZFo|EHE o]-&3tc},

o] Ao M= & gt whE g 2708 Zhe 7Hdg T2 YL ubEojR A}
slowFunction( )2 ZE2 o] QF £2 F&S 7|x|0f, T3t I = Fo 2 Q3 A7+
A= BB IS 7 = Qi

BE FE7 AREE 9 ot A8 EER] 3 E4 FES] BAskew, oheat 2ol of
| Ao| AR Bt @profile Hl2Ho|HE 7k = QL

import random
import time

@profile

def slowFunction():
time.sleep(random.randint(1,5))
print(“Slow Function Executed")

def fastFunction():
print(“Fast Function Executed")
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def main():
slowFunction()
fastFunction()

if __name__ == '__main__
main()

£S5 AFstHE, Iprof Y& A4S AL kernprof & HA T &80} sitt thee
A et 23S H 1A} line_profiler & A AAE atdoly s},

$ python3.6 -m kernprof -1 profileTest.py
Slow Function Executed

Fast Function Executed

Wrote profile results to profileTest.py.lprof

$ python3.6 -m line_profiler profileTest.py.lprof
Timer unit: 1le-06 s

Total time: 3.00152 s
File: profileTest.py
Function: slowFunction at line 4

Line # Hits Time Per Hit % Time Line Contents

4 @profile

5 def slowFunction():

6 i 3001412 3001412.0 100.0
time.sleep(random.randint(1,5))

7 1 106 106.0 0.0 print("Stow Function
Executed")

RTIA|T], kernprofE A2 T2 o)A AlfslH AAFZ OS2 profileTest, py.lprof 3t
do] AP/AHct. I % o] Y& line_profiler ol Yol AT F=9) & ok S0tk
Ao R, S Fal Alzio| Ueht B8 g
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64 B WA A171) 100.09MES AXWEL B 4 ok oF 32 HEs} AR,
m2 o] Al A7) 2 e At ol vigos Buad AT 2Ee vk o]
£ oh) ek S-S AN, Ze Y U8 A7he 415 29 4 9tk

H22 T2l

z2age] Mz AL Tende 37 At Babdos AlAd A thazst
9 % Wast /& % shith e $E SEgiols sk ghm Apgeks A
AE 5% BT Bt

uhfat We) JVM Zje A Al 2] 9 olo] Aghe Algo] E3HE jenkins Q1A
Ha AuE TEaped], Ao B tuE BE s 84 Zeages ol
o Aei7t thee S gl o) T71? W) ASA ohEaAold el HEgt 7hulx A
e U QoA el U A A Helgich

W7} 9k 22 340 miR e AM-E BEAE o, o|adt ZAIE A2 nrlF glo]
& 3l o]l = memory_profilerzh= 0] 210] line_profiler®} miR7IR| &2 F0{%1 §
0] 7} Frch wjme) A AR ol AT

22| zeadHE 257 Y8 the B olS A5kt
pip install -U memory_profiler
AR, the T2 RS HlAEs R

import random
import time

@profile
def slowFunction():
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time.sleep(random.randint(1,5})
print("Slow Function Executed")

def fastFunction():
print("Fast Function Executed")

def main():
slowFunction()
fastFunction()

if name__ == "' main__
main()

chals], Lelal 4ol vime) ZEsteo] WA uf eprofile ool AET
% glet,

$ python3.6 -m memory_profiler profileTest.py

o} ATt LHH F& FollA Line_profiler £33} Bl i) 8 2 = Ut
F2 naapleh 3= & 40 3 vl me] AMgRE, 21 ofF A off dnighg

of Wme) Abg F717 ARG Rolzet,

HrpAu], sg 2780 slowFunction( )& FE AR A Al2gof g Ry} gk,

Line # Mem usage Increment Line Contents

33.766 MiB 0.000 MiB @profile

def slowFunction():
33.777 MiB 0.012 MiB time.sleep(random.randint(1,5))
33.785 MiB 0.008 MiB print("Slow Function Executed")

~N o s
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W) ZTEule] L

AZE & AR vz e] ARS-Z B} S, memory_profilerol] E3HE mprof &
& A3 Aok mprof 82 0.1 ZH 0 & vme] AME ME-S A5, data T
of] AgFE T slgict

o] dat Y TR TYO| AZHH v ARG B 11A} matplotlibet Ao ARREt
4 9l

python -m pip install matplotlib

el o2 ol o] AXRH, mprof & Al ol 88| 28 7ITh2E &
Ut L= B OsoflA] That 22 o= mprofE AFShRTE

$ python3.6 /Library/Frameworks/Python.framework/Versions/3.6/bin/mprof run
profileTest.py

Y2 slowFunction()ol @profile g2 o] §lo| o] o] ALg3t I E=F Asgs|H A},

import random
import time

def slowFunction():
time.sleep(random.randint(1,5))
print(“Slow Function Executed")

def fastFunction():
print("Fast Function Executed")

def main():

slowFunction()
fastFunction()
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if __name__ == '__main__':
main()

A% 5 AZPEE vEe) AgFE TS the PPl Mg SR,

$ python3.6 /Library/Frameworks/Python.framework/Versions/3.6/bin/mprof plot

LER ] Eigure

usr/iocal/bin/python3.6 profileTest py

== 18/05/2017 - start at 21 09 19 848

memory used (in MiB)

#e€IFQ=R

2B & 4 Qo] s 7B el APy, 2 EASS BAY 5
alet,

&L MB 992 A tlmal AN, x2S & TR AR Lehiich, Z2 o)
A AWYLE A ve) A8F WSS Z7Ie, 257} o AWBLS lme B
A A7 BT 4 ek,
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67golre EA TAY 0127] Aol MIaE AAS: 5 FAI4E Told E3olA 484
o8 E8Y 4 Uk 7les T AvEt e 229 FgAEE BBk HlAE
PHE ORI, WIS S ) 283 ARNE TR

o2 mo|y F=E ou7ske okt B WA Pdb £ ANl HH oA
i3ty Fej2 ARGl Lot

upzjgto 2 wlo)il o ZEjAle| AL Wi|upsla Teutlyshe gl 7|eg o
I ALZF 02 o]F Almyict

74 ol A+ 3ol Asyncio Elo|EEE|E AHE T, Aggr}executorol Zeeolo B9 3
glo) o Za|A|o) 9 A5 ALt
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TN 2dE B3t T2 B Y, )T Z20H0) AY S8 ol ud
o1 TolHoll ] ke WS thEr
7NN Tt g thewt e,

o« A4 HA

o FH AN
o Z2AsE YA

safol ) AR Y 2B AAZ FHAS FHE CsV HAR AR FES Y
EFSHE 7152 SR o AN AMgsiEct,

niAjeto 2, AdEol X2 AAE THEE An B A0S T She P A
A AR TEH) ol Z2 I S S BE EG Uit
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$A14 FAre = wolal 3 2014 A2 2718 7)5ock, Rt 7]ste} uizRI2lo] ik
™ ThreadPoolExecutoro]] thf] 2 & Aojt} A4 EX= ThreadPoolExecutorE i}t
ojoj|l A FEF Fefct,

WEAAS AU U o, 7F B S BRE e AYL 2= AR
Zlo]t}, ThreadPoolExecutor= A= Fo] B3l 59t o5 Ao =N EAIE ©t
Eoh ARARE A4S a3 o o o) AH=E stV Y Wart glen,
g o] 3 gt 28 A4 A2 2ol Z)elsi

Tl Zlelo] Qliz AR AR} A9 DA 4T TS T o FH ke
ol sjx|gich THAl B Hlgo] Sk 29l RES T Mow Tujm, Tt 2AE

Aol S| wiRIE EEAdE =olA "

A= Ex o9} A ofF A AHEE 3 Ho) B9, A s S TR A
o] o|FA|7] M| A= BAdshe L2 T Nk it

Executor Ml

Executor S2E concurrent futures 28| 9lon ZA)14 2 o 711 &
S A}, AAAQ] YA I AEAE )R} 2 WP o2 AN ET AE AA

A, 201 T2 A 73 2AE 7REA 0] 2 I 2 uptE A1 jint

ThreadPoolExecutor 34 8}7]
4] ThreadPoolExecutorE A 2Jsh= WH-S AW KAl HoiA|g) of-¢ 7HAsh e},

executor = ThreadPoolExecutor(max _workers=3)
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o] I =& ThreadPoolExecutorS UATASSY X AUzt & A= F3iTh, of7)
e 3E :’?‘—1311 2d|E Fo| ARA} A& 2GS AEsh= 3719 FAIA A =gt
et

ThreadPoolExecutorol] AH =8 AE3tLA} FIThE, submit() g &38| b3t 2
ol A Wi wetu]EE F3ct

executor. submit(myFunction(})

Cil|

o] dAloflAlE ThreadPoolExecutor RIS AT A2 AAEASHE ZiAof 2HlS
AlEshe WS 25 vt 004 97119 RAE 71ds] G 8 FEst
i, AIE STt ST AR EQol= o AT, AT oA HES Sk Yt

task T8 A7 3, 71222 main T8 FATTE A7]A] executor A= 2719
AL N2 AFE Foj A|&3}7] Aol A3t FUZ Fe|= A osict

from concurrent.futures import ThreadPoolExecutor
import threading
import random

def task():
print("Executing our Task")
result = 0
i=0
for 1 in range(10):
result = result + 1
print("I: {}".format(result))
print(“"Task Executed {}".format(threading.current_thread()}))

def main():
executor = ThreadPoolExecutor(max_workers=3)
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taskl = executor.submit(task)
task2 = executor.submit(task)

if __name__ ="' main__':
main()

22
9 Z2oI9e Ut v Qe Sl YERET, A Ak Bl eE,

ol" AfEr} iy 2GS 85=%] &1LA} threading.current_thread() &5 &
|3ttt E99 F o] 7] e g2 AYsds & 4 ok

$ python3.6 05_threadPool.py

Executing our Task

I: 45

Executing our Task

I: 45

Task Executed <Thread(<concurrent.futures.thread.ThreadPoolExecutor object
at 0x102abf358>_1, started daemon 123145333858304)>

Task Executed <Thread(<concurrent.futures.thread.ThreadPoolExecutor object
at 0x102abf358>_0, started daemon 123145328603136)>

Ae|2E gejzt
F HAR 2 AMEE W2 ohSa) Zo] HAYAE #R|ZE o]8-3)] ThreadPool
ExecutorE AAEAZBN= Fo|c},

with ThreadPoolExecutor(max_workers=3) as executor:

9] P ol HollA] A wpiTH EUT A AT EYHo R o Tl o)
WS o &+ et
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)¢l Shrofl A= HEYAE Te]x}7} ThreadPoolExecutorS &3l future = executor.

submit(task, (n))& Al ¥ T&3 L= B0l A= AETTh

from concurrent.futures import ThreadPoolExecutor

def task(n):
print(“Processing {}".format(n})

def main():
print(“Starting ThreadPoolExecutor")
with ThreadPoolExecutor(max_workers=3) as executor:
future = executor.submit(task, (2))
future = executor.submit(task, (3))
future = executor.submit(task, (4))
print("All tasks complete")

if __name__ == '__main__
main()

£
$ =2 IS Assty AlEd 3719 2H9& AYsl] Aol ThreadPoolExecutor& Al
Astal, ‘BE 2o dEgel E¥H

$ python3.6 01_threadPoolExe.py
Starting ThreadPoolExecutor
Processing 2

Processing 3
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Processing 4
All tasks complete

kL

Tl e] e EA FrE tterables Yo BE R0 2 gafErt.

flo
Jlm

map( func, *iterables, timeout=None, chunksize=1)

T}33] = FolHo A HHERleY] BE 945 F=rof wlgE 4= 129, ThreadPool
Executoro]] SHZQ] Aoz g 458 AlFIict

resutts = executor.map(multiplyByTwo, values)

7| 2H 02 Thg A A%} 2o ItekA FEE

for value in values:
executor.submit{multiplyByTwo, (value))

Ofl x|
ol Aol A= multiplyByTwo TS vlE ] BE gloll A-83lixt 2L ) I8 A
L ais

from concurrent.futures import ThreadPoolExecutor
from concurrent.futures import as_completed

values = [2,3,4,5,6,7,8]

def multiplyByTwo(n):
return 2 * n
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def main():
with ThreadPoolExecutor(max_workers=3) as executor:
results = executor.map(multiplyByTwo, values)
for result in results:

print(result)
if __name__ == '__main__"':
main()

results = list(map{(multiplyByTwo, values))
print{results)

22

nrpA|g) PREO)A Slo) T2 IBL AsiE Yok P2 2=, vIe) mE

+A) A= map =7t A4S FE8H 3T}

$ python3.6 03_threadPoolMap.py
4

6

8

10

12

14

16

[4, 6, 8, 10, 12, 14, 16]

A8 A F=5P]

SHIE Rl Algrle AR FRY 4 olrks 2L TRt Aol Fast
Yot} ol AgA Ba E & o) St
AR AAS SR U 7HE SR8 AL T ol A%lS WY 4 ek Folch, A
P} AAE HpEo R ojn] MY Fol AL E2 32 3 54| FRY

QA AAE AgRE Aol A - o7k AR
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Ol x|
o] Al ME HH F2 ABAE FReh= ol disl dgeict. WA n23t 253}
© FrE Aot I & A} S E AEsia ARl F& A= TEJi o

TR E ARl o o4 2k¢je] MY EA| Y=t

import time
import random
from concurrent.futures import ThreadPoolExecutor

def someTask(n):
print("Executing Task {}".format(n))
time.sleep(n)
print{"Task {} Finished Executing".format(n))

def main{):
with ThreadPoolExecutor(max_workers=2) as executor:
taskl = executor.submit(someTask, (1))
task2 = executor.submit(someTask, (2))
executor.shutdown(wait=True)

task3 = executor.submit(someTask, (3))
task4 = executor.submit(someTask, (4))
if __name__ == '__main__':
main()
&

Qo] slol Zg 1S st 2] 13} ¢ 27} ThreadPoolExecutorE E8) A&
2oz HePHT} executor.shutdown(wait=True)5 S&3t ¥ A3z} AA|7} o] o)A}

e WA PEE e o] fdo] FYe

o] diAlofMe MR S st s3] gigton, L2 o] AHs] FRER] o
AT oloh 2 ARE TR A T2 845 TEIIA AT 9] Aol st

2EE 2@ T WA,
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$ python3.6 11_shutdownExecutor.py
Executing Task 1
Executing Task 2
Task 1 Finished Executing
Task 2 Finished Executing
. stack trace removed for brevity
RuntimeError: cannot schedule new futures after shutdown
FAIL

1 & Al
T4 AA= 0|79 ThreadPoolExecutor AJAJofjA] Aaiztol] 2F-& e off JUAEA
stEch 4 AAls 2= 50171 gho] o] Fofl gho] == Aot

FX A LHO HAE

FA AAelle tha Zo) A2 9 #40) 7he e Hlas=r) Al ofFdt flats o)

WE FTS vigho 2 A48 ket

result() HlAE

result() MlaSis 4 A9} & vERIgES Agiit), ol thga o] &3t
futureObj.result(timeout=None)

timeout H2HI|E1E HAR, 712A 02 F4 AAo| AIZFAIRES: & 4= ok 54 AA)
7} o)A AI7F HY Woll &= 3R] 23, concurrent. futuresolA] timeout ol 7}
HhAsic) ol AFET) Asdl = Qle AlZE oy RS 2Fsta, 2O A A

2 5he 4 glche HellA 3 g3l
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add_done_callback() H|A=

FAE 2 o, F4Y g2 AH| AY== I T8 YA = et ol BEF
A A9 S welstal, F=E 7S] BiETh add_done_callback HIAEE &8
3 F4 AA|of g o1 4= 9l

futureObj.add_done_callback(fn)

running() HAE
ol Z2 IHA E2E FA AA7F FA AYPE T A E AL bivt e,
old running() HIAEE &3 A AE)E ST = Ut

futureObj.running()

A vla=s A4 AA2] FA) AY dejof et 3 Ee ARE Wit

cancel() HlAE
cancel() MIAEE T3 AAE A o) AREY, F4 A7 APE]7] Mg &
4= et

futureObj.cancel()

exception() HAE
exception() HAEE AN FAZEH A2 dog AN + Ut
timeout TEM|E|E HA|F 7| EAHOE FA AX7} xx Aol SBEA] YAL AL

concurrent. futures.TimeoutErrorE @RIt}
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futureObj.exception(timeout=None)

done() WA
done() HAEE FA AA7L JFH LR FEPEA AYRER g2t = ARE
Ll

futureQObj.done( )

X MFI0I EHQ HIAE

XA ol EgAlolAe TS HAEE thia of8e FEo|Xu t}sds| T concurrent,
futuresol| A Z|Q[3FIL QJtt, future A= ohe- Al 7HA] Wi o2 9] glAEE 1@
3FaL it

set_runnining or notify cancel() H4&E
set_running_or_notify_cancel() WA=+ F3 AA7} a8 =X FHa=x] &l
g o S8

futureObj.cancel() # Al&5t7) 2 RXE z4asict

futureObj. )set_runnining_or_notify_cancel() # FalseE UHESiCt,
futureObj.running() # TrueE Uit

futureObj. )set_runnining_or_notify_cancel() # TrueE uH&sict,

set_result() #jl&=
set_result() HAEE T HAEA S FA X A3g A4t AR dHE
Bolsh= 5 ThaFst 790l &85t
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£ BH 2] £A7 L2 T2 dAES) Y1 She AN AgEIA, F
A A7} Wk Fo) 48 ] TRE gAEG, A, 9 28948 Hasstn
28] BE SYohE AT/ Tk SR AR FA A AnE Z19g
o 4 4= 9w, ol B ] PAES BHE 4 Yrk,

the3} Zro] set_resultE 3 &3 A}

futureObj.set_result(result)

set,_exception() WA=
set_result HIAEQ} ofXIZIR| 2, set_exception() HAEE 3] AH|7} vigls} o9
£ AAsict

futureObj.set_exception( except ion)

SE J'sst XY FIAGHI

A|&gollA Aoz A 2EE Hq2|H7] A o 2} HAastaar & dizt qct, o)+
AR ZUEE sk AR)A ZaE grde] g ek 28BS A4s
she A%

SR ARHEQ ZHEHE 8o JYHE= F7H HAE £ Qo ol
ThreadPoolExecutor & ProcessPoolExecutoro]] AEE= ZHjof AL=ic)h

ARl A 2 Aasteld thet Zo] 54 Aol cancel() A48 SE3H
ct,

with ThreadPoolExecutor(max_workers=2) as executor:
myTask = executor.submit(someTask, (1))
print(myTask.cancel())
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cancel B AFA R F4 AAE HAFSH He, obH ARE vt tg
Aol A= AL AAE 28T Qs myTaskol] Al A& M gtol = Bat AXlE
Hr3icy,

&

oA

AHZE 5 AS vgo 2 o XS] Au R} HA] ThreadPoolExecutoro] Y& 4]
o] A& ofsl=tl, o|E someTaske} 3l A3 LS 3L n2 5t 713},
] ol A s BRIZHA| 2 with FH o ARS8l ThreadPoolExecutorE HE|AE I
BRIE QIAEATSH | 47119] ZF AYS M, sld 2 BF A6, tasks.
cancel()9] ATHE E=3ict

ThreadPoolExecutorofA] max_workers=28}1l A 2Jg O] task3.cancel( )2 4=3¥5}H
A= 2] 137} 28 vle] =88}, 2HY 32 A|&SHA] fhett,

import time
import random
from concurrent.futures import ThreadPoolExecutor

def someTask(n):
print("Executing Task {}".format(n))
time.sleep(n)
print("Task {} Finished Executing".format(n))

def main():
with ThreadPoolExecutor(max_workers
taskl = executor.submit{someTask,

=2) as executor:
(1
executor.submit{someTask, (2
(3
(4

))
task2 = ( )
task3 = executor.submit(someTask, ))
taskd4 = executor.submit(someTask, })

print(task3.cancel())

if __name__ = '__main__
main()

>
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&Y

) F=5 AYsA 471¢] 20| ThreadPoolExecutoro] MEETh, 29 13} 2= &
o] F AR RE MeEt), Fo 2709] 2do] U= B, AR A 3 FHA
gk, o2 AIZER] oit7lol, 280 o2 2ES E e UT AT 31, 2, 47}
AEn 22 IRe FRE

$ python3.6 10_cancellingCallable.py
Executing Task 1

Executing Task 2

True

Task 1 Finished Executing

Executing Task 4

Task 2 Finished Executing

Task 4 Finished Executing

a2t QoL
a0 2 R AYIE A AN AL HaspA 28 SE glom, W
& A2 G2 4 Sk, SR oleiRt FE TASKT AR 4 gl el sk,

executor.map T& 83l 71d3HA FIHE FA3HAL, executor.mapo] Tt SEofA
HebE AE s ohs 228 88 4=

for result in results:
print(result)

oA

ohe TEAHE i) L nio R e BT 4 Qb A Rolzch gt
B 2& M, executor.map S WAL g Aol Meel 2zt oy
o Aetetc,

214




import time

import random

from concurrent.futures import ThreadPoolExecutor
from concurrent.futures import as_completed

values = [2,3,4,5,6,7,8]

def multiplyByTwo(n):
time.sleep(random.randint(1,2))
return 2 * n

def done(n):
print("Done: {}".format(n))

def main():
with ThreadPoolExecutor(max_workers=3) as executor:
results = executor.map(multiplyByTwo, values)

for result in results:
done{result)

if __name__ =="'_ _main__':
main()
£9
9] 22 a8S Agshd s oA AEE eAlol wet 29 dabrt A7tEl1 SeHn)

$ python3.6 13_results.py
Done: 4

Done: 6

Done: 8

Done: 10

Done: 12

Done: 14

Done: 16
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as—completed AtEdt)|
oloh 22 mep W4TE Mol wet AYSA S 4 diwl, FH A Wi U]
ThreadPoolExecutord] AEsh= BE F4 AAE A& s|of 8 == T,

o] gt YWFH-L concurrent. futures 252 as_completed HAEE 83 Adiz}o] A
g 2E A s At vkt 4= Qlo)

o)A

o} diAlof A= At E7F AgshaAl Sjlstiat F e Fa= g vide AT
t}, a5 URLO| 8 %8kA} urllib. request 258 &3t Aol http Afef F= ut
3 AvtE AvjEcy]

import time
from urllib.request import Request, URLError, urljoin, urlopen
from concurrent.futures import ThreadPoolExecutor, as_completed

URLS = |
"http://www.google.com',
"http://www.naver.com',
"http://www.acornpub.co.kr',
"http://www.knu.ac.kr’

]

def checkStatus(url):
print("Attempting to crawl URL: {}".format(url))
req = Request(url, headers={'User-Agent': 'Mozilla/5.0'})
response = urlopen(req)
return response.getcode( ), url

def printStatus{statusCode):
print("URL Crawled with status code: {}".format(statusCode))

T URLS ol 2elo| #st= AIEE 20 ERls=ct — 2710]
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def main():
with ThreadPoolExecutor(max_workers=3) as executor:

tasks = []

for url in URLS:
task = executor.submit(checkStatus, (url))
tasks.append( task)

for result in as_completed(tasks):

printStatus(result)
if _name__ == "'_main__
main()

29

Y 22HE U 2EYS0A SHe URLO] 23T 2 o] gusd Z2o
1 AR N ek 2w

o7IME Aol AmgloL) Fashd, AdRie] HPE £Aot WBkEE 247k 2X)

FS Folch, RE AL ARlo] B 97 ALk £ME 45T How, 3P Fxe)

&S A8 A vigl Gl AL BAJSHE Het

$ python3.6 14_asCompleted.py

Attempting to crawl URL: http://www.google.com

Attempting to crawl URL: http://www.naver.com

Attempting to crawl URL: http://www.acornpub.co.kr

Attempting to crawl URL: http://www.knu.ac.kr

URL Crawled with status code: (200, 'http://www.acornpub.co.kr')
URL Crawled with status code: (200, 'http://www.knu.ac.kr')

URL Crawled with status code: (200, 'http://www.google.com')

URL Crawled with status code: (200, 'http://www.naver.com')
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S8 AN

Fjof iafix= 9%} 10404 oHE Zjvt 22 Ty gk 22 a9e thE

o ZpA|3] AE Aot S olFslr] Hall, Tl A Alzte] B A= o' 2}

B ek A4S AMElEAL B3 1 AlEo] did A9 2 wizkA] 1 grot

Al Zltkels Al ofde}, thE JF-E HAL & Aotk

dAlell, S 4ERS o oK T23)F7IE 2T Aol TR Yo AE ol
3t &g Fujcalbackoaty )0, ThreadPoolExecutor2}e] AghE 0831 sgolct,

ThreadPoolExecutore] ZI-& AYs}7)714] of2-3} o] add_done_callbackS ARE-SH

2 S YA

with ThreadPoolExecutor(max_workers=3) as executor:
future = executor.submit(task, (2))
future.add_done_callback(taskDone)

o714 taskbone T4 2Hojo] Bl $ BEEC) ofeie e P4 55 WAloR
Ajo] HEshe S7boith Amlof sl MAR o] AL, ATHOE & o] 1
o $8 AlakE 4 Q1A Hr), ol Bule uhxsel] Zelg ZaelA) sjRn, ohs-
g8l

o)A

24 32 o] 43t Zheket T=E AAS) Al Eal WA Y Ro) wet s &3
Sh= task Eeel, E9 SR S taskDone T8 AR A}

taskDone ol #24 A7 AAHAL SBHEA] RS WA Selditt 17
T £ HEe 222 s ek

o2l B=E oJsl ThreadPoolExecutor & A4S SWE 74T o Thdl L &
gt}
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from concurrent.futures import ThreadPoolExecutor

def task(n):
print("Processing {}".format(n))

def taskDone(fn):
if fn.cancelled():
print("Our {} Future has been cancelled".format(fn.arg))
elif fn.done():
print("Our Task has completed")

def secondTaskDone(fn):
print("I didn't think this would work")

def main():
print({"Starting ThreadPoolExecutor")
with ThreadPoolExecutor(max_workers=3) as executor:
future = executor.submit(task, (2))
future.add_done_callback(taskDone)
future.add_done_callback{secondTaskDone)

print("All tasks complete")

if __name__ == '__main__
main()

&9
o] 2 728 A33}H ThreadPoolExecutor7} AJ&HE] 1L, ZHjo] Hew|y Zojz]l Alsy
Z}7} o) & AEs) oo Eu shrh At

$ python3.6 04_settingCallbacks.py
Starting ThreadPoolExecutor
Processing 2

Our Task has completed

I didn't think this would work
ALl tasks complete
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29 A2}
HE ARelA 29 7t EFA 4= gledl, =0t 2 29 B o9 el
2 U Addo] gasith, ohays|= shute] 4] o] o Jie] Edle 718 5
g AE ez} olE S 92 4 Utk

with ThreadPoolExecutor(max_workers=3) as executor:
future = executor.submit(task, (2))
future.add_done_callback(taskDone)
future.add_done_callback(secondTaskDone)

SA71A Blo] AWEE £AE o Buo] 274 <A o] FolsiAy,

M2l ScHA

o)A AollMs AHA] A=A 1 ¥e] ABER o QlE Hstal 785 83 gt
QI AR A= Y9 A8 T+ WS ATt ofgdh o] tha JEAT, 1
@)= ThreadPoolExecutoro| A= o] BE A& T} E 4= QL& & 2|3t}

A AN ke Mk BT S ol v 4 o,

A
A4 LsEven TrE oA T HolRA) dig dollA WA A AL EFlo]
J§4=Q1A] ZQIehet. 2A] ghrhd A28 QS WA

FE 8 S227E 242904 A4eQlA] gigieh, Zpold 2, 237 Yol

1o

2

o o
o

from concurrent.futures import ThreadPoolExecutor
import concurrent.futures
import threading
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import random

def isEven(n):
print("Checking if {} is even".format(n))
if type(n) != int:
raise Exception("Value entered is not an integer”)
ifn%2s==
print("{} is even".format(n))
return True
else:
print("{} is odd".format(n))
return False

def main():
with ThreadPoolExecutor(max_workers=4) as executor:
taskl = executor.submit(isEven, (2))
task2 = executor.submit(isEven, (3))
task3 = executor.submit(iskven, ('t'))

for future in concurrent.futures.as_completed([taskl, task2, task3]):
print(“Result of Task: {}".format(future.result()))

if __name__ == "'__main__
main()

29
9 Z2 I AN 2, 3, 7 W41x) BRI ek 29} 32 HFHE Hels
AJgh, 18] 9 A7 colE ALk hAIc,

9] A9 fastk g2 AY doE Mgty theat o] &gy,
$ python3.6 12_exceptionThread.py
Checking if 2 is even

2 is even
Checking if 3 is even
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3 is odd
Checking if t is even
Result of Task: True
Result of Task: False
Traceback (most recent call last):
File "12_exceptionThread.py", line 28, in <module>
# ...
raise Exception("Value entered is not an integer")
Exception: Value entered is not an integer

1 ProcessPoolExecutor

ProcessPoolExecutors 7|24 0 & ThreadPoolExecutore} U3t 7502 AMEHCH
ThreadPoolExecutor2} o}2F7FA| 2 Executor S| A9 31¢) Sd|A2, W2 yAE7 =
AsHA| Lehdtt,

ProcessPoolExecutor AA6t)I

ProcessPoolExecutorE AAdH= A4S concurrent. futures ZEoA S5 E
Q= BEql ofea} Zo] AR} AAH|S QIAE ASIsR= A W 11= ThreadPoolExecutor
o Eslet,

executor = ProcessPoolExecutor(max_workers=3)
oA A
ohS AAIE v o2 22 Q] ProcessPoolExecutorS o] B A QAEADS L Eof &

e HsH=A] Lokuat, o] A9 task B ZhehalA] kel Tl A= 7|
AN sejng dyzadae) $1E 27 Yt
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ZojA] AIE 7 29l0] EA PIDE B3R} 05 RES AMEELE

from concurrent.futures import ProcessPoolExecutor
import os

def task()
print(“Executing our Task on Process {}".format(os.getpid()))

def main():
executor = ProcessPoolExecutor(max_workers=3)
taskl = executor.submit(task)

task2 = executor.submit(task)
if __name__ =="'_main__':
main()

&9

olE Alshe AYH 2] mE T~ D} ol IAZ AYES B 4 9l 7
g oAlolzRt, A HElZ2A A2 AL AFsh=A] glstr]o) 2 ot

$ python3.6 06_processPool.py

Executing our Task on Process 40365
Executing our Task on Process 40366

HHIAE 2|1t
ProcessPoolExecutorofjA] thE the H|AE= ThreadPoolExecutorofAe} o7 R 2
AeAE Bt cheTh o] with WeolZ Al 4 v

with ProcessPoolExecutor(max_workers=3) as executor:
- J|EF 2YS Y .
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HYAE Belaht B4 A9e] Y YUAS Befstel, T2 BL OREH
& olet, oleigh B 2 utel slaT wrt Sste) WY 7MY S T=F 2y
% ek,

oAl
o] AN HEAE WIS vleko @ FTo| FEALS i} Ady T 55
ol task B2} QA Yolut 2 s,

from concurrent.futures import ProcessPoolExecutor

def task(n):
print(“Processing {}".format(n})

def main():
print("Starting ThreadPoolExecutor")
with ProcessPoolExecutor{max_workers=3) as executor:
future = executor.submit(task, (2))
future = executor.submit(task, (3))
future = executor.submit(task, (4))

print("All tasks complete")

if __name__ == '__main
main()

&9
Y Z2TE 8PS 2h¢jo] AFw AL, 7} task ol Y= ghol 299

$ python3.6 02_processPoolExe.py
Starting ThreadPoolExecutor
Processing 2

Processing 3

Processing 4

All tasks complete
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o>

ProcessPoolExecutors 2 AME37| 18l -2 AMRIS] Sul S AJS= 22
e AR} of7]ofl= mpo|d o|ujR] gto]H ]l Pillow7} a3}t

ojujz] LRAAL oujz|e] FAlo] Zuwio 2 WMslE u X9} AHite] Hes|rlof @
£ dito] Hasit

29 QPARRE Theat 2,

o 2k} Ha]ofl= ProcessPoolExecutor SeYAS FxA olL3lo s},
o ZRAE=HFHOZ o o|n|X|E AT 4= Qlojof AT, FUS 1Y S
T 712 B o2 H2sir] gkolof gity

PRE
A7)0l b4, Qb9 RGB 19 B4l o o @A) Waelx) thg A1 2

=E =zt

from PIL import Image

image_file = Image.open("convert_image.png") # Z2 0[0|2Z ¢c},
image_file = image_file.convert('1l') # OJOjAE ZWO2 WHEBIC},
image_file.save( 'result.png')

Rl

o)A uo| ofZz]H| o)Al A ThreadPoolExecutor2} ProcessPoolExecutorS o]EA|
ARgah=A] Almeel, Q1A AMSEIER) E3 olajsict, B Aol ol HAYE
< olsfiste AwErt,

ThreadPoolExecutor= EA A3S Aol AH=E &8317] & o] AojFitt,
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ProcessPoolExecutor= Z2A|AS 2350}

ZaAMet A= ol ol AollA AHBARL o7|He FZEE vgeR ¢
ShFE. o] dAlolM s HEY BE G Lol A7) obd S EdsET &
52R1%] BR1R7] 3| oflehE Y| A 0f gjsieveof Eratosthenes 2. ghg g o},

def is_prime(n):
ifng%2==
return False

sgrt_n = int(math.floor(math.sqrt{(n)))
for 1 in range(3, sqrt_n + 1, 2):
ifn%i==
return False
return True

Ic

ThreadPoolExecutor 2}t ProcessPoolExecutorS ARR3 A vlEE T3 7]= AX 2
T oh2a gt o] EAZE ME o)AM= o Aol A AMIE] A E timeit ZES E§
sf| ot

import timeit

from concurrent.futures import ThreadPoolExecutor
from concurrent.futures import ProcessPoolExecutor
import math

PRIMES = [
112272535095293,
112582705942171,
112272535095293,

2 O2|A9 £BXI0|Xt X|2[EBIXIQ! Kf2IEAH|UAY} IO ARE A= i OR 2 0]2]Q] 29| Hi4, 3 0]212) 39| Hli<, 5

0]9]e| 52| 2] £MZ £5 XIHLIIH i £7t A0
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115280095190773,
115797848677099,
1099726899285419

def is_prime(n):
ifn%s2-==20:
return False

sqrt_n = int(math.floor(math.sqrt(n)))
for 1 in range(3, sqrt_n + 1, 2):
ifngsi==
return False
return True

def main():

tl = timeit.default_timer()
with ProcessPoolExecutor(max_workers=4) as executor:
for number, prime in zip(PRIMES, executor.map(is_prime, PRIMES)):
print('%sd is prime: %s' % {number, prime))

print("{} Seconds Needed for ProcessPoolExecutor".format(
timeit.default_timer() - t1))

t2 = timeit.default_timer()

with ThreadPoolExecutor(max_workers=4) as executor:

for number, prime in zip(PRIMES, executor.map(is_prime, PRIMES)):
print('%d is prime: %s' % (number, prime))

print("{} Seconds Needed for ThreadPoolExecutor".format(
timeit.default_timer() - t2))
if _name__ == '__main__':
main()
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$ python3.6 08_poolImprovement.py
112272535095293 is prime: True

1099726899285419 is prime: False
2.8411907070549205 Seconds Needed for ProcessPoolExecutor
112272535095293 is prime: True

1099726899285419 is prime: False
4.426182378898375 Seconds Needed for ThreadPoolExecutor

ProcessPoolExecutorofA= F 2. 8%2] Al7to] A~a50 o™ ThreadPoolExecutorolA]
= 4.4% S AR debs ZEAME E8-31H HA| A2} A7k} 60% FrAF)

o A= 7)HE kAol Al=dl R, viE W 4E2 A 2)dk= Al7He] ThreadPoolExecutor
AA dg=e ARMEH o wE Aot o] HAEH A 3P, thy FEE ol
A2 matn o= oFfjof] F718) s EAL.

t3 = timeit.default_timer()
for number in PRIMES:

isPrime = is_prime(number)

print("{} is prime: {}".format(number, isPrime})
print("{} Seconds needed for single threaded
execution".format(timeit.default_timer()-t3))

1 & 3&d M5 =01
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import threading

import queue

from crawler import *

from CheckableQueue import *

20
CheckableQueue( )

THREAD_COUNT
linksToCrawl

def createCrawlers():
for 1 in range(THREAD_COUNT):
t = threading.Thread(target=run)
t.daemon = True
t.start()

def run():
while True:
url = linksToCrawl.get()
try:
if url is None:
break
Crawler.crawl(threading.current_thread(), url, linksToCrawl)
except:
print("Exception thrown with link: {}".format(url))
linksToCrawl.task_done( )

def main():
url = input("Website > ")
Crawler(url)
linksToCrawl.put(urt)
createCrawlers()
linksToCrawl. join()
print("Total Links Crawled: {}".format(len(Crawler.crawledLinks)))
print("Total Errors: {}".format(len(Crawler.errorLinks)))

if __name__ == "'__main__":
main()
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import threading

import queue

from concurrent.futures import ThreadPoolExecutor
from crawler import *

from CheckableQueue import *

THREAD _COUNT
linksToCrawl

20
CheckableQueue( )

def run(url):
try:
Crawler.crawl(threading.current_thread(), url, linksToCrawl)
except:
print("Exception thrown with link: {}".format(url))
1linksToCrawl.task_done( )

def main():

url = input("Website > ")

Crawler(url)

linksToCrawl.put(url)

while not linksToCrawl.empty():

with ThreadPoolExecutor(max_workers=THREAD_COUNT) as executor:
url = linksToCrawl.get()
if url is not None:
future = executor.submit({run, url)

print("Total Links Crawled: {}".format(len(Crawler.crawledLinks)))

print("Total Errors: {}".format(len(Crawler.errorLinks}))

if _name__ == '__main__":
main()
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import csv

def appendToCSV(result):
print("Appending result to CSV File: {}".format(result))
with open('results.csv', 'a') as csvfile:
resultwriter = csv.writer(csvfile, delimiter=' ', quotechar='|",
quoting=csv.QUOTE_MINIMAL)
resultwriter.writerow(result)

$12] appendToCsV Fr= vl A E0fM 2HEE, a7t AP} AA| 248 viekd
o Z2Ech w9l Adse] tEo 2 EARte A A% 2740 oA Yt &
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oA appendToCSV T A oJ3) AAE FS wojt} 3y HlA=r) SEHT} o] §
3}, main $=rE th3T} Zo] 113 URLS FollA] AAE Agsict,

for future in as_completed(futures):
try:
if future.result() !'= None:
appendToCSV(future.result())
except:
print(future.exception())

thea} Zro] main HlAEE B 4= Qo)
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def main():
url = input("Website > ")
Crawler(url)
linksToCrawl.put(url)
while not linksToCrawl.empty():
with ThreadPoolExecutor(max_workers=THREAD_COUNT) as executor:
url = linksToCrawl.get()
futures = []
if url is not None:
future = executor.submit(run, url)
futures.append(future)

for future in as_completed(futures):
try:
if future.result() != None:
appendToCSV(future.result())
except:
print(future.exception())
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https://github.com/elliotforbes/python—crawler
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pip install futures
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import multiprocessing

def myProcess():

236



print("Currently Executing Child Process")

print("This process has it's own instance of the GIL")
print("Executing Main Process")

print("Creating Child Process")

myProcess = multiprocessing.Process{target=myProcess())
myProcess.start()

myProcess.join()

print(“Child Process has terminated, terminating main process")

$ python3.6 08_subprocess.py

Currently Executing Child Process

This process has it's own instance of the GIL
Executing Main Process

Creating Child Process

Child Process has terminated, terminating main process

1 ZZMA CHO|Z

HEZRAY B0l mold 227 Yol ZeAAE ARSHE tlAsT} A 744

et

®  spawn
e fork

e forkserver
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https://docs.python.org/3.6/library/multiprocessing.html?highlight=multiprocessi
ng#contexts—and—start-methods
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forkserver

forkserver= 78 2|Q] Z2AIAE AAHH= tha oldet (AU Z0)A |, fHA blo]
ZE dol 5 7]eolE AT AU YL ZRFAAT AL 7Hs3 JlA Y
Foldt.
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import multiprocessing
import time

def daemonProcess():
print("Starting my Daemon Process")
print("Daemon process started: {}".format(multiprocessing.current_process()))
time.sleep(3)
print(“Daemon process terminating")
print("Main process: {}".format(multiprocessing.current_process()))
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def main():
myProcess = multiprocessing.Process(target=daemonProcess)
myProcess.daemon = True
myProcess.start()
print("We can carry on as per usual and our daemon will continue to execute")
time.sleep(1)

if __name__ == '__main__':
main()
Feof Bt B4
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$ python3.6 00_daemonProcess.py

Starting my Daemon Process

Daemon process started: <_MainProcess{MainProcess, started)>

Daemon process terminating

Main process: <_MainProcess(MainProcess, started)>

We can carry on as per usual and our daemon will continue to execute

9 H2 Z2AA0AME XAl ZR2MAE YHE & USS FASHAL 0IF TIRHEIH process.
start()ofiM 227t & Zio|ct,
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chewt o] sloll 519] TeAl2e] Tk SRS B 4 gl

import multiprocessing
print(multiprocessing.current_process().pid)
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import multiprocessing
import time

def childTask():
print("Child Process With PID: {}".format(multiprocessing.current_process().pid))
time.sleep(3)
print("Child process terminating")

def main():
print(“Main process PID: {}".format(multiprocessing.current_process().pid))
myProcess = multiprocessing.Process(target=childTask())
myProcess.start()
myProcess. join()

if __name__ == "'__main__
main()
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Y Z2ILS thad} 2ol Wi Z2AIMS AE A Z2AA BE g PIDE &
ELiss

$ python3.6 01_identifyProcess.py
Main process PID: 85365

Child Process With PID: 85367
Child process terminating
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import multiprocessing

def myProcess():
print(“{} Just performed X".format(multiprocessing.current_process().name))

def main():

childProcess = multiprocessing.Process(target=myProcess(),
name='My-Awesome-Process ')

childProcess.start()

childProcess.join()

if __name__ == "'__main__":
main()
9 2= 2o thew ek,

$ python3.6 12_nameProcess.py
My-Awesome-Process Just performed X

Aol BT ofZ Aol AHTTHY, kB0l e RE ANE FHY 4 o
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myProcess.terminate( )
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A TERi,

import multiprocessing
import time

def myProcess():
current_process = multiprocessing.current_process()
print("Child Process PID: {}".format(current_process.pid))
time.sleep(20)
current_process = multiprocessing.current_process()
print("Main process PID: {}".format(current_process.pid))

myProcess = multiprocessing.Process(target=myProcess)
myProcess.start()
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print("My Process has terminated, terminating main thread")
print("Terminating Child Process")

myProcess.terminate( )

print("Child Process Successfully terminated")
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HEHoe PSS HolEt)

8N Z=MA A

NEAA Z2AAE BIE 4 Sl A2 27 9 U] B4 FestnE, slo]
A =20 BE Z2A|A PIDE HAZ 4 flojof et ol He|2#YgojA d
A 24 = FAshs WS AT 123 FUsH SE A

the F=E Hlgro g Az m2MA DPO-process 0.5 A W3E 5 QJet,

import multiprocessing
print(multiprocessing.current_process().pid)

9 TEE WA sk T2A2 YIS FAT,

1El

S MIAE o6t%l SeiASHSI
3404l threading.Thread ZAE 319 SNASR A =g A= WHHES A
Bt} o|& Z2ANAE AR 9] 5-LEA FLE 4= ol

A

o] djAlo) A multiprocessing.Process SHAE 319 SFEA3H= A SFHAS
FEsN= WS A B} MyProcess SEIAE A olsl Agxtel e s AT

08% HE|Z2AMA | 245



XA Yol A super(MyProcess, self).__init_ ()& &3t olelst 22 ek
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import multiprocessing

class MyProcess(multiprocessing.Process):
def __init__(self):
super(MyProcess, self).__init__()
def run(self):
print("Child Process PID: {}".format(multiprocessing.current_process().pid))

def main():
print("Main Process PID: {}".format(multiprocessing.current_process(}.pid))
myProcess = MyProcess()
myProcess.start()
myProcess.join()
myProcess. run{ )
if __name__ == ‘'__main__':
main()
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Y Z2 T2 AP wQl Z2A|ATL PIDE &9
HEct o] A4 ZaAAE thE PIDE £33t
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$ python3.6 10_subclass.py
Main Process PID: 24484
Child Process PID: 24485
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multiprocessing.Process EAE 319 FElAsigiond chea} Zo| HE|Z2AE
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import os

processes = []

for 1 in range{os.cpu_count()):
process = MyProcess()
processes.append(process)
process.start()

for process in processes:

process.join()
process.run()
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concurrent.futures.ProcessPoolExecutor@ Pool9] xt0IA
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with Pool(4) as myPool:
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from multiprocessing import Pool

def task(n):
print(n)

def main():
with Pool(4) as p:
print(p.map(task, [2,3,4]))

if __name__ == '__main__":
main()
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apply

apply:= ThreadPoolExecutor®] .submit( )3} Zth ThA] L3l 7PEAQ 2 & AA
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ol diIAlME Q& 17HE Fdhe 7HH3t myTask $e8 AsiEc) oA Aujd
myTask St FUsh Zraisizt,
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from multiprocessing import Pool
import time

def myTask(n):
time.sleep(n/2)
return n*2

def main():
with Pool(4) as p:
print(p.apply(myTask, (4,)))
print(p.apply(myTask, (3,)))
print(p.apply(myTask, (2,)))
print(p.apply(myTask, (1,)))

if __name__ == '__main__':
main()
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apply_async
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from multiprocessing import Pool
import time
import os

def myTask(n):
print("Task processed by Process {}".format{os.getpid()))
return nx2

def main():
print({“"apply_async")
with Pool(4) as p:
tasks = []

for 1 in range(4):
task = p.apply_async(func=myTask, args=(1i,))
tasks.append(task)

for task in tasks:
task.wait()
print("Result: {}".format(task.get()))
if __name__ == "'__main__':
main{)

&of Yt

$ python3.6 21_applyAsync.py
apply_async

Task processed by Process 99323
Task processed by Process 99324

1 YOl AT mOPM IDLE SHHUIM AeE A2, AUS5| UstH ALSXL TE== CHE Z2M|ANAM AlstA ECt IDLER}
AEXt BEE A2E 0185 A, HEIZZMYORE A3 HZ0| MBS YHXIX| oh=rt w2t IDLES| 24
Ol myTask &40 £2120| LIEFIX| Y=t B3 Foll C:\Python35 Ypython —m idielib(T0 M 2 X0 A= idlelib.idleS At
BCHE U2AsH LIEILK= IDLEE 0|25HH CMD 22£0iA print 20| S3El= 252 2 £ ) - £710]
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Task processed by Process 99322
Task processed by Process 99325
Result: 0
Result: 2
Result: 4
Result: 6

map
ThreadPoolExecutor2} UFXF7FAI 2 multiprocessing.Pool®) map e T2A|A o
A Zrejzpo] ols) AeE 148 Sy ojsict

the AAA Uist = [4,3,2,1]8 map T o183 Z2A|2 Ff w2t

from multiprocessing import Pool
import time

def myTask(n):
time.sleep(n/2)
return n*2

def main():
print("mapping array to pool")
with Pool(4) as p:
print(p.map(myTask, [(4,3,2,1]))
if __name__ == '_main__
main()

map 48 o] 85k Theat o] EYw},

$ python3.6 17_mapPool.py
mapping array to pool
[8, 6, 4, 2]
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BEA|TE apply et vlRZEA|Z2 2} 2Q)2- Ayt Fu)E wizbx] AR\ Ejo, W9l
H|57] Ad50] Yo 7% map_async7t Y2 F Aolct

map_async
nap_async F4 igo] WAt FHo] ulEy] Aol WA A9 AT FojA
F4oll s Aol HIE/1H0R Us S8 Astut YA nap T4
o st

from multiprocessing import Pool
import time

def myTask(n):
time.sleep(n/2)
return n*2

def main():
with Pool(4) as p:
print("mapping array to pool")
print{p.map_async(myTask, [4,3,2,1]).get())

if __name__ == '__main__':
main()

imap

imap() S olElEo|HE BiEshe RE-S AQstals YRkl map $rg} vlssEh
FelE "o}, U= o]k olElolE 9] AREE E7id], mhol9] olgolHE thF
£ o] B3| L w7 et

ThS Aol Zof| AT myTaske} list7} WLH iterable = p.imap( )& SE3Ict
th&- 0 next() HASE AR olelgolE Yol BE AE F&of SYfErt
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from multiprocessing import Pool
import time

def myTask(n):
time.sleep(n+2)
return n+2

def main():
with Pool(4) as p:

for iter in p.imap(myTask, [1,3,2,1])

print(iter)

$ python3.6 17_imapPool.py
3

W & u

imap unordered

imap_unordered®] 74-9- AR&-3F uff 9= ajjsg-g-

g},

Yol 27F HaA, Eofl HEE oAl T

uk

L=

s},

from multiprocessing import Pool
import time

def myTask(n):
time.sleep(n+2)
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return n+2

def main():
with Pool(4) as p:
for iter in p.imap_unordered(myTask, [1,3,2,1]):
print(iter)

if __name__ = '__main__
main()

9 =g Alsste, Thew} o) Z2ur),

$ python3.6 17_imap_unordered_Pool.py
3

3
4
5

71&2] oA MAE ol"aolE7 A5e 4Y Ao th=A &9, imap_
unordered= SR HE= SAYRE Q48 WSS

starmap
starmapZ FF 2AES 7|E9 T HE 4l 2ol AL &t o] e thae
Aate), S AR 8517 & 4 e,

ohe AAlIAE 2 3 7E BIAE [(4,3),(2,1) & B0l At 23 &3t

from multiprocessing import Pool
import time

def myTask(x, y):

time.sleep(x/2)
return y*2
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def main():
with Pool(4) as p:
print(p.starmap(myTask, [(4,3),(2,1)]))
if __name__ == '__main__
main()

myTask @=<pol] 2} F&o) igste 243 $LT RS FH. o= x/22RME 3

$ python3.6 18_starmap.py
[6, 2]

starmap_async
7 9te] W57) s TSR FolRl UL viETIHoE AgEis 2L A9
Bla starmapd} ST 7152 A

from multiprocessing import Pool
import time

def myTask(x, y):
time.sleep(x)
return y*2

def main():
with Pool(4) as p:
print(p.starmap_async(myTask, [(4,3),(2,1)]).get())

if __name__ == '__main__":
main()
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maxtasksperchild

ik o 2 ojmjArachert nod wdgi Z-& T2 IPL F=Af| YAGHO| Qlof, M
2 AAE AHUE A et ol ¢4 AYo] AREHH ZENAE FAGH, &
T2 02 thA] ARRE = QA Jih,

AAZQ] ZEoflA] 0] 85} 122} maxtasksperchild QAo AEslaL, ARG A 2=} =
2A20 P asdh 2ty AP At

kS diAlolA B A FEBN=A] A EAL 0]H Q] starmap_async A ZEE 7HALE
maxtasksperchild Zt=tu|ElE 713 sl &0 1 9 2US AR,

from multiprocessing import Pool
import time
import os

def myTask{x, y):
print("{} Executed my task".format(os.getpid()))
return y*2

def main():
with Pool(processes=1, maxtasksperchild=2) as p:
print(p.starmap_async(myTask, [(4,3),(2,1), (3,2), (5,1)]).get())
print(p.starmap_async(myTask, [(4,3),(2,1), (3,2), (2,3)]).get())
if _name__ == '__main__':
main()

;2R Agsi The) go] &eHr)?

$ python3.6 20_maxTasks.py
92099 Executed my task
92099 Executed my task

2 ‘apply_async' 2| ofix|t SLUSHH sHASICL - §210]
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92100 Executed my task
92100 Executed my task
[6, 2, 4, 2]

92101 Executed my task
92101 Executed my task
92102 Executed my task
92102 Executed my task
[6, 2, 4, 6]

£33 & AT EY T 71x] ek, WA Sof] AYH starmap_async 4719] FHo g R
A 17)9] Z2A A0 23] AeE|o] ZoA A H¥ TS E 5 ek

thgo R ZIAAE 2719] 2P Aastn Pargsict F ol 2 Agsiil Os
A ZE2AA PIDY)| ThS 02 AME- 7H53t PID7) 7HE& B 4= it

1 I2HIA 2t SM
SR 319] ZAx 2H 5718l glo] ThrsiAl $8 7Hs e Al gk,

o Fauewe: 7|E o2 FIFO 7} Qlon, sAolA A5 chagich

o JjojEPre: M2 JfEOR, o]F Zhehs| AmEr

o mfjuz|meneser: do|E S Agsie, Auta oz stol ofZe| Aol HelA of
& ZEAX o] Hlo|EE T3tk

o ctype: A ZRAAZRE MI8h= 3-F HE2E B85k AATh

A 49 AL HEZEAL &AM EE 7HsE TRt 4 dAUSS
of&rt, Falol T S & o, & FAlof 58 AlE BURE AE Fo

BHAIRE o] ofl N 2E WS AT = Qlrh. ol FAof sl ApAs] ¢ 4
E]-%, U]}\]: 5_7_@;-:] Micha Gorellck_,_‘]_ o]?_]. thglan Ozsvald 7]_ _}é_ r_l—_,_/%]_lg_ g}o]gdPerformance

Python (gtulujr]o], 2016) Qjo] B2},
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|z

so|it: g A2l 1 9 ZRALS A0S HYSH: WS ek o7l
L o) To|e} o}o] Y= Tl Z, T FF7H ek, Tol L LRI 1A =
2RI 2ol RS HYS) $18 74 QukAQ) AU Zol o], MElmRAA 22
Bol Aol SUsHA 2488 5 ek,

o) sho]z

Qg mho]aranonymous pie 1= 111 RN A FALE LGRA A ARE3I= FIFO B4l 4
et A Wb, 3 Hof| §F gko 2at Aditt, 2700 £3717F ok skt & #
of gt et GAE AR HES 2L T 4= ok, UmA] AR 1 Al ‘2
Haks 48 3 HES o o|Alop & AEd 4= Ut

CHA] 3, olF TAIE HsiAE 279 o golZ 2 Z2A|A ZH TS jiek, o]2d
oY mo| 2= SFAA] 2l | H T, 14ds ZEAL FAlf o] g

—_

ol&°] Y& Holx
olgo] gl So|mmmetpre 2 IAA7L B ix] M&TTH: Y AL o
o wjolze} Seslct. o) wolmi mEA|27} A% w7hH) olejzict,

nojZz X2igt)l
AZ7A] gro|z7}t Folo| LFAA A ABA ZFh=AE AHE2Y, oA ufo]
A =2 IR A g A F-88i=A] AHE 22,

stol L2 JHolA oS PAISITAt 0s BES BT os.pipe()E TEINTE
0s.pipe() HAEE LFAA ol stolZE BAstar ¢l7] A 2719 AN EE 7EE

sigkeic), ohe ARl Y7l pipeoutd, 27]00= pipeind o8l
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import os
pipeout, pipein = os.pipe{)

oA
thS Aol A= AFA] ZRAAS AYAIELT, multiprocessing Process EE|AE 31
R Eaii )

import o0s, sys
import multiprocessing

class ChildProcess{multiprocessing.Process):

def __init__(self, pipein):
super(ChildProcess, self).__init__()
self.pipein = pipein

def run(self):
print("Attempting to pipein to pipe")
self.pipein = os.fdopen(self.pipein,
self.pipein.write("My Name is Elliot")
self.pipein.close()

w')

def main():
pipeout, pipein = os.pipe()

child = ChildProcess{pipein)
child.start()
child.join()

os.close(pipein)
pipeout = os.fdopen(pipeout)

pipeContent = pipeout.read()
print("Pipe: {}".format(pipeContent))

if __name__ == "'__main__'

main( )
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T2 AP tg go] 23Enh

$ python3.6 11 pipes.py
Attempting to pipein to pipe
Pipe: My Name is Elliot

0121 %215H71

A4 ZRAAA o] WA Helshe R ojEeAlold Aso] glo] Fasit, o
S A7) Fon] A4 ZRAAS B7e 2] gtk 2L dSelHel ol A1

Aolct,

ole] 2] A$ 1 o ApRAE0] & 5 A A8 ok sk, 13K o m=

Ao] BAE FpLAS0) BRI Bl doid Aelct,

olelgt ool ThE Tl iRt Wo] ERIG) WAlE o7t of ZolE T

23R ZINAZ Foprtala}, B Z2AA0 A B AA 7He] FAl ol o

3 cheict, ST 1 el o] gl vl A 2k oolg AYstuA sol

g o]83He oItk

njo|iL o]-g5}7]

solg F oA mo|LE ol g3l F 7H] o] glr}, solZE 7| £13] os
BES AME3R= Ui} multiprocessing.Pipe( ) S B85k Hioltt,

o] T 7kxj9] Z}ojF-L multiprocessing.Pipe®] -9 UWHHOE os pipeitt 2 |
o) gtk Zolth, ol okgaF BA1E a4l multiprocessing.PipeE ARE3HoF
Fthes Hol Fasith
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The oAl Fo, HE Z2AiolN Wt Ay ZeAARRe WA ool Y
2 o5 sk Anua,

import multiprocessing
import os, sys
import traceback

class MyProcess{multiprocessing.Process):
def __init__(self, pipein):
super{MyProcess, self).__init__()
self.pipein = pipein

def run(self):
try:
raise Exception("This broke stuff")
except:
except_type, except_class, tb = sys.exc_info()

self.pipein = os.fdopen(self.pipein, 'w')
self.pipein.write(str(except_type))
self.pipein.close()

def main():
pipeout, pipein = os.pipe()

childProcess = MyProcess(pipein)
childProcess.start()
childProcess.join()

os.close(pipein)
pipeout = os.fdopen(pipeout)

pipeContent = pipeout.read()

print("Exception: {}".format(pipeContent))
if __name__ =="'
main()

__main__":
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I multiprocessing.Manager

multiprocessing X-Eoll= Manager |47} Ql=d, o] Edins: gtold ARE =4
BlaL Z 2 15HolA] QPR Al Eel ZRAAE Al TR,

Manager SeAE Thadt go] 2713RRit

import multiprocessing
myManager = multiprocessing.Manager()

manager A2 of] TRAA 7io] 2lAEY U] 2L HlofEHE T8 = e
o, dukE o g A FALS FE3= A HA TEolot

HAAHOIA

Manageroli= v glssojmmespseeatis so] Qlit], 558 4 U WEY naci
§a 2717} 7R5 e SfE el RENAE 3851 ARSI,

HEZEA|2 7ol B Y] HESHES FASHe B Yilo] BRY w of o]
2eh g 4 9let,

A
ohe Aol A= il Z2A|2e} AFA] Z2A|A THo] Hlo|EE FR3taA YA o)
AE B8k TS AL

import multiprocessing as mp
import queue

def myProcess(ns):

# ddAmolagl gt AU
print(ns.x)
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ns.x = 2

def main():
manager = mp.Manager()
ns = manager.Namespace( )
ns.x =1

print(ns)

myProcess(ns)
process = mp.Process(target=myProcess, args=(ns,))
process.start()
process.join()
print(ns)
if __name__ == '__main__":
main()

Ago2 Boph ZRIBS AN, A 7H Yol dold g & 4 k. WA,
Namespace A7 Z219 A% 3] SEh ol x=19] ek, o2 H9)
z2HrY 53 F Q2L k22 WAHG,

oA w1 ZRAARRE thZIR YgATo|Ag FHSHT, oldole x gl 22
uhE RS B 4 ek

$ python3.6 07_manager.py
Namespace(x=1)

1

Namespace(x=2)

3
™

SOIM F S71eRet wE FEu Hel A= ZHE AR ARGshs S AR
ot HE|Z2AA 2 T A3 A ARE o itk Rl FEs)AL
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A
the dIAlolA F F718E ol 83l 2 A4 ZaAIA 7 FA wAUZ
A F3] AHEAL

N

|

i

g of8A TEsH

myTask &5 R3] T2 F& UXZE 7R Fo A 3] 312 Bohg] B2} main
ol A= manager 4|2} OR3-S ARRS) SR TS A3t

m = multiprocessing.Manager()
sharedQueue = m.Queue()

myTask 35 A% B} O 2 sharedQueued &t JARE H3 A He] Z2AMAE <]

o} 4 Z2AIAE HOURt Foll= olE AlRRIaL 2Qlsa.

from multiprocessing import Pool
import multiprocessing

import queue

import time

def myTask(queue}):
value = queue.get()
print(“Process {} Popped {} from the shared Queue".format(
multiprocessing.current_process().pid, value))
queue.task_done()

def main():
m = multiprocessing.Manager()
sharedQueue = m.Queue()
sharedQueue.put(2)p
sharedQueue.put(3)
sharedQueue.put(4)

processl = multiprocessing.Process(target=myTask, args=(sharedQueue,))

processl.start()
processl.join()
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process2 = multiprocessing.Process{target=myTask, args={sharedQueue,))

process2.start()
process2.join()

process3 = multiprocessing.Process(target=myTask, args={sharedQueue,))

process3.start()
process3.join()
if __name__ == '__main__':
main( )

$ python3.6 06_mpQueue.py

299 F AH2RY 2, 3, 42 71 9 PIDR

Process 89152 Popped 2 from the shared Queue
Process 89153 Popped 3 from the shared Queue
Process 89154 Popped 4 from the shared Queue

Listener@t Client 2¢iA

of2] TRAM} Bk TRAI2 7o) theke FAlo] it wol e FRL BAE,
1 9 WAYSE M RA nsor A oA mUHE AoRL

multiprocessing.connections E-83h= o] gt}

multiprocessing.connection &2

£ R $1%t sto] el wialA] 7]

3 ‘apply_async’ M| of|HIQt SU5IA sHABCE - £210]
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A A

multiprocessing.connection L E 9| W3t T4 EXoj= Salo|gdES} A7) A=
ABAGIT MAAE R FES AN EF oA} 2o,

TR Ao Elae} SfolUE RS ARERE BAIE o3t 71 A9l Hi S
oz,

Listener S

HA A|AE] AZ}o] Qlo] 71 F838 2lAE AoJgtc} multiprocessing. connection
HEZRH Listener ZHYAE E9} 'localhost' 9} TEH T 60002 24 EZZ
3f| A oj3tet,

RO Listener® ASAE Belat A3 S EEo] o] olHA=E 7|k
t}. authkey=b'secret password'+ |43 TZ2A|AQ] AR 2ICHslal, authkey2t A
A8l ZEQL T4 AAY 5|83H= Fa g Fholct

from multiprocessing.connection import Listener
from array import array

address = ('localhost', 6000) # 'AF_INET'
with Listener(address, authkey=b'secret password') as listener:
with listener.accept() as conn:
print('connection accepted from', listener.last_accepted)
conn.send([2.25, None, 'junk', float])

conn.send_bytes(b'hello")

conn.send_bytes(array('i', [42, 1729]))
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Client )&

th&0 2 Client ZHAE Aol 2jAv)e} A8 AT uh4] |2 8P, Listener
e

EALERE HeE B

WA multiprocessing.connection ZEZEE Client FHAE B2} Listener &

gsofj 4] HOJFURo] authkey = HIRIZIR| 2 Fodvof] HPshe EHAE RS Client

Lol Z-83t

HeHo2 AZEY Listener FYPAZRE HAdur2 BE AFFE &3t
connection &2 AL AYtaz} o] FES teket & &= Qi
from multiprocessing.connection import Client
from array import array
address = ('localhost', 6000)
with Client(address, authkey=b'secret password') as conn:
print{conn.recv()) # => [2.25, None, 'junk', float]
print(conn.recv_bytes()) # => ‘hello’
arr = array('i', [0, 0, 0, 0, 0])
print(conn.recv_bytes_into(arr)) #=>8
print{arr) # => array('l', [42, 1729, @, 0,0])
&9
249

glay FEE APShA, ] dZo) g W7k F3 di7Iske EES
o ddo] =9, s¢ltt A2 g 1P T4 W ZES ST

s

$ python3.6 23_listener.py
connection accepted from ('127.0.0.1', 56197)
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g2 Z2 IR ARt Seloldle TR IUE ARtEr Ad 59 2laviel 43
Moz AFsld, A4E WA Hge Tt

$ python3.6 22_client.py

[2.25, None, 'junk', <class 'float’'>]
b'hello’

8

array('i', [42, 1729, 0, 0, 0])

7] A} multiprocessing.connection 2E2] 77} Uehb=t], U3t s=gJojollA
A FR HE|Z2A|A 7He] HHE G| o2 ofPA Hdsha=A] Austtt.

o] o] $BHL Aol AL T R P} L2 ao] oA Haysirhex] B
8] 27e)R k. AT oj2ie BAl] ERe o, T2 Y 8 248 B4
of Qo) © Lhe who] Wasict,

ofZ Aol dolH T THE 27 AlATE FHSHE RE Aol ZTYo] B4 o]
S5k 2 upolrt,

0 JHeIMoz moly 27 SL0| 2BE XIFE FII2 QIS HIRICE hitps://docs.
python.org/3/howto/logging—cookbook.html
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A
thae| = 278 soluo] 7| ia o2 MxjE mEolY thaw} Zo] B 4= ic

import logging

= B2 5 ohaa} ol Z2 T Y=L o] wjde] & o 2v) e =1
2R Alads %t

H
mn

AR

il

logging.basicConfig(filename="myapp.log', level=logging.INFO,
format="%(processName)-10s %(asctime)%s:%(levelname)s:%(message)s"')

log2 sk hl o} 27 202 INFOS BAIRT, The-0.2 log Thlo] 27}
@ 27) wA\x0) ZRS FAIRI

Zol FALL | 7138jjoF & A HA AX= %(processName)-10s0] B2 2|81} o=
z230] .= 519 TIA|A ATE BR1E 4= ik

import logging
from multiprocessing import Pool

logging.basicConfig(filename="myapp.log', level=logging.INFO,
format="%(processName)-10s %(asctime)%s:%(levelname)s:%(message)s’)

def myTask(n):
logging. info("{} being processed".format(n})
logging. info("Final Result: {}".format(n*2))
return nx2

def main():
with Pool(4) as p:
p.map(myTask, [2,3,4,5,6,])
if __name__ == "'__main__':
main()
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L
;
il
ikt
o
_?J.'.
=)
i
]

o] myapp.logs I+l YHEL & = AUk

7 Aol AL N TRA|X oS} 4, B0 Fojr) 27 Brr} ek,

ForkPoolWorker-1 %s:INF0:2 being processed
ForkPoolWorker-1 %s:INFO:Final Result: 4
ForkPoolWorker-2 %s:INF0:3 being processed
ForkPoolWorker-2 %s:INFO:Final Result: 6
ForkPoolWorker-3 %s:INF0:4 being processed
ForkPoolWorker-3 %s:INFO:Final Result: 8
ForkPoolWorker-4 %s:INFO:5 being processed
ForkPoolWorker-4 %s:INFO:Final Result: 10
ForkPoolWorker-1 %s:INF0:6 being processed
ForkPoolWorker-1 %s:INFO:Final Result: 12

0.

0% 9% d° G0 G0 of QO o°
(7 I T T S S Y R 7 N

X
(7]

= = Eil=
1 &Y ZZMA SAloH)
—i—f(]—l‘“o :\Ig}\ﬂv/: %/1(_]_ =3 (S pCommunicating Sequential Processesl_. 0:]‘—_1_1 7H—4 5/\]*“ EE“

o] Zpx} of @A) Az ALgIH=A] BelzTh Yo ofe] o] A Z2AIA 7]
W AXE HEShe ALS F2 AR, T U FRAW 9 Go ol 0|34

AR 03] AL EL Qe doln, taret 4 9 X127t Loy 2isiy) vl

0 "Communicating Sequential Processes,(C.A.R. Hoare, 2015)& 215X},
http://www,usingcsp.com/cspbook.pdf

oleldt FAIS AmEm, 7jEe] AMXG AT Hma 9 AL ol §FH Hol
£A1E 7437100 o 41 Hole} Bt
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PyCSP

PyCSP¥ CSP 7|8t 84 Zeju|gjE 2 FHEE sto] gtolHjt}, 20061957 E A2t
go] ejart EEA He FES PRIt o] glejHag: 7|24 wold BE
E B3 e 4% B4 A 29E A

Antz oz wol A dize|oleE ARSE BE|Z2AA 7|5t sto] ofEejAlold
< oFA FEs=A] HolEeh,

PyCSPE AX|317] 18] The pipS AHESHAL,

python3.6 -m pip install pycsp

PyCSPOI H2l517]
thS AAolA PyCSP ZES ARS8l FA14 ool ofZeAlo)dE oA Fsk=A
A B2} BohA|g]) Processli) Process? T2 A olgict T} O 2 @process Of:-H|
olAE ARGl diZE o|® e, ZRAAA) AT o] A HERE thEc, uhX|gte
2, PyCSP 7|9t =2 730 Process1} Process2E W E 2o 2 AP3t=2 HA3ict

from pycsp.parallel import *
import time

@process

def Processl():
time.sleep(l)
print('processl exiting')

@process

def Process2():
time.sleep(2)
print(‘process2 exiting')
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Parallel(Processl{), Process2()) # 2%
print('program terminating')

=9
$) =2 ASYSHH Processlit Process27t AFA o2 Ay £EES B 4
Uk,

$ python3.6 24 _pycsp.py
processl exiting
process2 exiting
program exiting

CSPO] e F0|2g HE 5 shile], Bes] AzkhE UololE BER o] ol
ohx]efel Weiche | ool gleka o,

1 Qu
8RolM= HE|Z2AA o gt of3)e} AlARofA o] S o BA TR ATt &
A FRE UG OR BE ZeA|A o] 2] P45 doliitt,

2L ZIAA FAT 573 T2 okt B ARE vIRS, 7oA AmE
ProcessPoolExecutor} HE|ZLEA}A] E2] Apo| A= okt

ez 2 4% 74 glo] ola) ZaAs 7o) BT} 5718} 58 oEA TEskeA]
7heks) AlE T 4% 27 gl Alaw Belol] 88 o tbae

9ZoA = oIE 7Nt 22 Tafya} WA asyncio ZE] el AHA|3] vl--o, ZpA|
olfllE 7|5t slol 22 1g LA} g HES oRA ol &SR] AHEct
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9Z oAM= oMIE 7dt L2 gl o] MAIS AUSHICE oHE JEt L2 gl o]
HE] 238 9k Jec}, ohh wigh B Ro|zqt 2 T FolA] ‘o]HlES] A o]
& 33| olsstal aoFs 1 W8-S dolka}

L4 oWlE 7|ut =2 o] AukzQl EAI} tjREo] o[HIE st ulo|y T2
PYof] ALgE= asyncio BES A7)

asyncio Z2I#W A= A3kt o] yaTt o2& o2 thE Ho] 9 AR
W3l o), $83 BE2 sk Ay, dA =2 038 8-k WY
E3H gokE)



9ol A thee Y82 thEt At

o OJHIE 7Rt T2 TolH?

e asyncio &9 o]3|

e asyncio 7|HF ZZ 7Y tjH7]

o EYAEE odIE F N yED A7

e gevent

o|A] mtorollx] ATk o]HE 7Rt AJARIE B dEtal FRAIARAY,

1 OHE JjHr T2 124a

o[l 7]} m2Ieu. & ofHol ThE TR vol4l ojSelAo] Hake thark, A
o2 olejgt S XIS B2 OS ARSI FlQl Hmele] A W T2
o) ojel Sgo] nAR AU SYAQl YIYE Ao PErh

©-0-0-0

A &X: hitps://mywebgranth.wordpress.com

oJlE 7|9 Z2IIAE YUHOR ojHlEc] WSS YT olHle Fmeen
wop7} Ql}, oMLE 37k AJaEl, oW Zlo] AW, 1 $A7 of8A Bi=x] 2
Aokt A2gigel Wast olEs} WelHit e a2 ARE Jee & 4 ot o

276



o ¥ 717} 584 2T = YA T2 T3Wo] key-press O|HIE] HRSFHS
o] FojR|= 7]of i E sl 5 g 2kt

b 1RHoA oJHIE Z]¥l T2 o] URIFO R w2 32 FAS B 4 Q) =8
o] ARE L ‘7Y Aeef] AUk AL B 4= itk ol B oEL} Al A &
S I QIR 22 T3 $8 wi7kx] B3Hy AlLEn

©-0-0-0

A EX]: hitps://mywebgranth.wordpress.com

o AeelAl Al oMES WolSo] 11, o} ofMlE MEolA et of7]4
L shte] B4 o=} shie] WS el fYE 2L Holn], 54 ol s m2
T oMIE U WS A4} ol2H 0B Bkl S gk,

ot 2GAA) T Algo] olAbHolc), By WAL R OSE Ao} Bk, T
Qlo] 2 Al2giat we] Bsh| 917 FEE 9717} g ojgiths A 9 9 A
olct,

Al&Fol A oHIE 7Rt Fidg gl ANkAQ] 2T 28 TRl 7154
< Fola g7 BYE U 5 ok

09% OHIE 7igt maazjel | 277



OIHE 21
BE oIE 7%t slojy 22| HIEHUEE oHE F2F zku ok, A4

(3

[HE 215 AmE ofE £ QholA & 4 e U2 33 2tk

asyncio

o ITEFF, AY, FHasY
o 39 ZEAIA Yl o7 =2 TollA B FA AP
o AFE F0) 7P gol BEEE W A
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asyncio BEL O[HIE 7|8t WAO R B2 IAG YIRS Tloket Bt FHPAE A
FHOE, The BAS s S

https://docs, python, org/3 /library/asyncio, html

AIZFGH

t}2- Al A asyncio OJHE FILE QHElEl= get_event_loop() HAEE 83|
2o}, 38 the, run_until_complete() TlA=E 883 A3PsiHA F2EL Fich
FFEof] i o] Fof A E Roln, H7|A= ojfgt ZFEIO| asynciooA] F-Al
A AP TARIE 79 B39l TS dolFAk

import asyncio
async def myCoroutine():
print("Simple Event Loop Example")

def main{):
loop = asyncio.get_event_loop()
loop.run_until_complete(myCoroutine())
loop.close()
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if __name__ == '__main__
main()

9 =2 WS AFPsh= Z4of Simple Event Loop Exampleo] £ & 4= it} H]
A 7FASPHAME oHIE 7|9F T2 3L ofsisl= o glof o|HIE o EAS F

run_forever() #4E

run_forever() HIAEE olE JIUiE o|HE 2E AZ3| Al E27]3}

The clIAoIA 2709) SETICA A FAFR oHlE RIS AP

import asyncio

@asyncio.coroutine

def hello_world():
yield from asyncio.sleep(1)
print(‘Hello World')
asyncio.async(hello_world())

@asyncio.coroutine

def good_evening():
yield from asyncio.sleep(1)
print('Good Evening')
asyncio.async(good_evening())

1 Cri+CE =2 7|2 AUe{ges wdAzict ~ F210|
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print('step: asyncio.get_event_loop()')

loop = asyncio.get_event_loop()

try:
print('step: loop.run_until_complete()")
asyncio.async(hello_world())
asyncio.async(good_evening( )}
loop.run_forever()

except KeyboardInterrupt:
pass

finally:
print{'step: loop.close()"')
loop.close()

run_until complete() HAE
run_until_complete() WAt o]Hof AduEtro], A H oz F7317| Hof oHE

S} Folzict,

import asyncio
import time

async def myWork():
print("Starting Work")
time.sleep(5)
print("Ending Work")

def main():
loop = asyncio.get_event_loop()
loop.run_until_complete(myWork())
loop.close()

print(loop.is_closed())

if __name__ == '__main__
main()



o] F=o|Ae o[HIE 7} AJRIE| I Fo|Z] Tp7t SmE wi7bA| myWork async F

& Ay

stop() WA=
stop() HATE ®3t o]F I Z run_forever() HASE Hlgro 2 ZZAE]|= o[HE £
22 sjojF ol% W Aol WA ek,

import asyncio
import time

async def myWork():
print("Starting Work")
time.sleep(5)
print("Ending Work")

def main():
loop = asyncio.get_event_loop()
loop.run_until_complete(myWork())
loop.stop()
print("Loop Stopped")
loop.close()

print{loop.is_closed())

if _name__ == " main
main()

is_closed() WA &
is_closed() H|AE= o[HIE FXZ7} close() HAEREE T&E|o] ZFHcH True
£ viekic,

R

print(loop.is_closed{)) # True E= FalseZ ZAsic},
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close() &

close() ¥ AY Fo] obd oHE R&E Fasty F-2 FuS AH|3ict, APzt
9] ¢ F22 U7X 7Id=)A] o oflE R2E A2 FrAIZIH HlolEHo]
29t H2A Y JFQlo] A8k AdT A2 dof BRstE, o7 AstolA
=71 W asthd ool Fict,

loop.close()

EHA3

asyncio®] BlATE oE U I2E19] A g3t o]l glATE 3t o 17)
o] ojilE ZXo|Aut AJPE|31, HHF o2 APt uA} HE|AH =S ulgho 2 HE]| o]
HE 23S AgslA| Fct

o] oA APt & E AFE AT off YAIE Ejsjjof k= ARFAH asyncio
oM = FU3HA it

o] Hojld+& asyncio 7|8t T2 IMo| A efAAZ 2R1517] A3 ARG A FE A
HEC}

oA
A FEofA= AAISYE T AlE o|WlE Zo WAt srle] ITES YT F
& ARttt IAFE L] AAIEHYS $I3) o] F AA3| ATE ensure_future() WA=

£ ARERi

import asyncio
import time
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@asyncio.coroutine
def myTask(n):
time.sleep(1)
print(“Processing {}".format(n})

@asyncio.coroutine
def myGenerator():
for 1 in range(5):
asyncio.ensure_future{myTask(i})
print("Completed Tasks")
yield from asyncio.sleep(2)

def main():
loop = asyncio.get_event_loop()
loop.run_until_complete(myGenerator())
loop.close()

if __name__ == "'_main__
main()

= Ash 7o Blaart JEAes Ay, ME, d¥dHE E

$ python3.6 04_generator.py
Completed Tasks

Processing 0

Processing 1

Processing 2

Processing 3

Processing 4

all_tasks(loop=None) H|AE

glos, &

all_tasks BAEE Foj7l oMlE 22 HES Mk, kR ojYE 2re Mg

A ghotthd, A oHE R mE A3 IR

2
o
M
i)
%
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import asyncio

async def myCoroutine():
print("My Coroutine")

async def main():
awailt asyncio.sleep(1)

loop = asyncio.get_event_loop()

try:
loop.create_task(myCoroutine())
loop.create_task(myCoroutine())
loop.create_task(myCoroutine())

pending = asyncio.Task.all_tasks()

print(pending)

loop.run_until_complete(main())
finally:

loop.close()

9 S=g Ushdl 3709) mRdo] Féo| ) ol WX o= FLE U}

1z} ob2] AAFH A §2 FEE LEiET.

$ python3.6 16_asyncioTasks.py

{<Task pending coro=<myCoroutine() running at 16_asyncioTasks.py:3>>, <Task
pending coro=<myCoroutine() running at 16_asyncioTasks.py:3>>, <Task
pending coro=<myCoroutine() running at 16_asyncioTasks.py:3>>}

My Coroutine

My Coroutine

My Coroutine

current_tasks() ¥4
A7) o ejAT7} AdY Q1R golof T ufz} S}, WasttH oHIE FirofA HY
A 2ol gl23 ZAES BE EHA, Heitd F23 = 9tk
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the dlAlofl M= create_task 5 AMEE) 371 EjAFE

myCoroutine =5 U AAE M3t}

import asyncio
async def myCoroutine():
print("My Coroutine")

async def main():
current = asyncio.Task.current_task()
print(current)

loop = asyncio.get_event_loop()
try:
loop.create_task(myCoroutine()
loop.create_task(myCoroutine()
loop.create_task(myCoroutine()
loop.run_until_complete(main()
finally:
loop.close()

)
)
)
)

4]

Fes Agsid R 23] YAHoR UYL,
Slo] AW wrtx) mREct

$ python3.6 16_asyncioTasks.py
My Coroutine
My Coroutine
My Coroutine

2AE

<Task pending coro=<main()} running at 16_asyncioTasks.py:8>

cb=[_run_until_complete_cb() at

F3tar o] e

/Library/Frameworks/Python.framework/Versions/3.6/1ib/python3.6/asyncio/bas

e_events.py:176}>
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cancel() =
cancel e T} F2EL A4S 9

o
=
&

import asyncio

async def myCoroutine():
print(“My Coroutine")

async def main():
current = asyncio.Task.current_task()

print(current)

loop = asyncio.get_event_loop()

try:
taskl = loop.create_task(myCoroutine())
task2 = loop.create_task{myCoroutine())
task3 = loop.create_task{myCoroutine())

task3.cancel()

loop. run_until_complete{main())
finally:

loop.close()

TES AYshe taskizt task27t PAHOE AWES B 4 rh A WA 2A5
| Baat Hd 552 8RR gtk

AD7IA AATE HESHe A A, A WA aaE Hasks Pue o
olgtet. 3T 573 BHOINE cancel V47t 7 34 AT TS| HaYE
e+ o

$ python3.6 16_asyncioTasks.py

My Coroutine

My Coroutine

<Task pending coro=<main() running at 16_asyncioTasks.py:8>
cb=[_run_until_complete_cb() at
/Library/Frameworks/Python.framework/Versions/3.6/1ib/python3.6/asyncio/bas
e_events.py:176]>
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EHA3 8t5
ojA AojA] Z} AT AN A AMRE = s Amged], 7 elAT Z§olA= of
DA 258717 asyncio BEOA vl A HE| AIE LRIEE A T

£ As3h

as_completed(fs, *, loop=None, timeout=None) &
as_completed g AE BE glAT oA vk IS A 5 Qi o3t 4
e oE IFE HgE o] "aof wet 7hds 270l 7|ef 2Hef| o] 8T

as_conpleted() Bt Thh Zo| W02 Wi rielct Z7g ),

for f in as_completed(fs):
result = yield from f
# resultE ALg8ict.

ensure_future(coro_or_future, *, loop=None) 3%
ensure_future 3=+ coroutine Z4A|Q] A& AA|IEH 0, FA o ZHA task A
A& wresict

import asyncio

async def myCoro():
print("myCoro")

task = asyncio.ensure_future(myCoro())
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wrap_future(future, *, loop=None) 34>
o] == concurrent. futures.Future 4= asyncio.Future ZHA| 2 ¥gls|=L 71ch

3 ofgE e,

the3} Zrol concurrent. futures. Future 24| S ¥3l3) 4= Qic}

with ThreadPoolExecutor(max_workers=4) as executor:
future = executor.submit(task, (4))
myWrappedFuture = asyncio.wrap_future(future)

gather(*coroes_or_futures, loop=None, return_exceptions=False) 4=
gather ¥ tha BRSIT}, Z2E ME 9 FXE QAR 3| e NEZRE 2
E ALE future A2 9HE3ITEH

import asyncio

async def myCoroutine(i):
print("My Coroutine {}".format(i))

loop = asyncio.get_event_loop()
try:

loop. run_until_complete(asyncic.gather(myCoroutine(1), myCoroutine(2)))
finally:

loop.close( )

FEZ A3Y3PH asyncio.gather 3ol Hee BE F2H0] oHE 237} FRElD
dH oz ArES E 4 it

$ python3.6 16_asyncioTasks.py
My Coroutine 1
My Coroutine 2
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wait()
wait $t= BE T3] 9 32elof AgE A HA metolert $EE k] 2273
atAL =

filo

import asyncio

async def myCoroutine(i):
print("My Coroutine {}".format(i})

loop = asyncio.get_event loop()
try:
tasks = []
for 1 in range(4):
tasks.append(myCoroutine(i))
loop.run_until_complete(asyncio.wait(tasks))
finally:
loop.close()

F=E Ysste 4709 meo] YR o2 ST T2 Y] FRHL B 4 Aok

$ python3.6 16_asyncioTasks.py
My Coroutine 0
My Coroutine 1
My Coroutine 2
My Coroutine 3

wA
7780lA Agiet £& A8 ohE o] A AAof sl thRBTh SHA|RE asynclo 2
2 ol Z2aolA tha T 1 FEHIE AT

E9] asyncio. futures.Future 24341 W 74} concurrent. futures. Future Z4A]|
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9} A9 Tt FA AAE o] AE Wi} k= e R AT 7|2 FA
A7} 7 A HAE T3 -FU3HA vEPdT

BEA|TE 4] BEAE AEE EXFQ] ¥l Al 7kx])7F 2L Y hups://docs, python,
org/3/library/asyncio—task html#asyncio Future & Z113}}, o]8|gh HES 7=}
SolA 583t

e result( )%} exception() g timeout HEfu|E]E ZHA] gron] £27} o7
Qdoiuix] ke A el WA,

e add_done_callback() ZHlo & ZE2%] ZFulS call_soon_threadsafe() o]l
E Rzgupgognt $5¥c)

e future S 2= concurrent. futures B7])xj2] wait X as_completed §=2}

SR e

A A

thg dAloAE future ZAoIA myCoroutine2 2 AolE FRELE oBA AXER]
AHET olF Ao v}l AR 2 TR,

o] oA oA asyncio.ensure_futureE F23}7] Aol await AMgo] a5}
ensure_future() MlAEx o] IFHS 7P Eot opgt A AAIET EFSIEE,

result()ol] F3l7| Ao L= 3fjof g},

import asyncio
async def myFuture(future):
awalt asyncio.sleep(1l)

future.set_result("My Future Has Completed")

async def main():
future = asyncio.Future()
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await asyncio.ensure_future(myFuture(future))
print(future.result())

loop = asyncio.get_event_loop()
try:
loop.run_until_complete(main())
finally:
loop.close()

&9
Z2OHe AYstH FFEo] YA og A AR = HEds & 4 UL, .result()
mla=e} o] A 4= qlrt,

$ python3.6 12_future.py
My Future Has Completed

TR threading HEo)| 49| Thread ZA|2} FAISHEL, asyncio 71HE ofZ2] A0l 2
2 B8 9l A= 7N AYAEA FEBE o9 71 BlE7] 22O

Ut o & oHIE 7]wh R IHo]lA ufZ]o] WAYEH HEL asyncio BEA 583
FEolt} asyncio 7|9t T2 WL AWK o]zt ZRE AAE AT+ ALPIL E

FFEE FAsks vle bRt ol et 78 A async def f=p(old 3,549 E
ADE FEsfof Tk, thEolA o] F-E HiBe R IFHUS TN AL E 4 Uk

292



import asyncio

async def myCoroutine():
print("My Coroutine")

def main():
loop = asyncio.get_event_loop()
loop. run_until_complete(myCoroutine())
loop.close()

if __name__ == "'__main__':

main()
5 WA= @asyncio.coroutine H|ZHo|EIE AR AollA A olEE E-83k=
Zo|tt,

import asyncio

@asyncio.coroutine
def myCoroutine():
print(“My Coroutine")

def main():
loop = asyncio.get_event_loop()
loop.run_until_complete(myCoroutine())
loop.close()

if __name_ == "'__main__

main( )

ol AlAdloM F& ol od o) R 2ES AZY 4=l

A 242 2R oot 92 WS B AFHEE A T} ek o] Sef
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async def2 EAJH 27§9) FZEHo] QJrt compute ZEHE HIFOZ 12 FU| 77
FEf = xoty ol 9 Rieidit),

SHANE F WA 2R thaat ol A WA 2RI @25 vk st

import asyncio

async def compute(x, y):
print("Compute %s + %5 ..." % (X, y))
awalt asyncio.sleep(1.0)
return x +y

async def print_sum(x, y):
result = compute(x, y)
print("%s + %5 = %" % (x, y, result))

loop = asyncio.get_event_loop()
loop.run_until_complete(print_sum(1, 2))
loop.close()

9 SIS Uaystel chewt ol gt

$ python3.6 06_chainCoroutine.py

1 + 2 = <coroutine object compute at 0x1031fc0f8>
/Library/Frameworks/Python. framework/Versions/3.6/1ib/python3.6/asyncio/eve
nts.py:126: RuntimeWarning: coroutine 'compute' was never awaited
self._callback(*self._args)

7| A0 2 print_sum() HAE WQ] compute Sr7F S-S 7|oh]R] gigton &
I AILS w2 AAY A&k ok

olzigt FAIE sNAstAt await 7| =S EE3ljof St await 7|YEE 3EH F
go| A1E Higkslr|7Hx] o|HE Zxol S sk} XY 0|3t FT=9] by

HIE7149] S48 gol 718A] $718 AWOR Soiziths Aol Wi 4

flo du

o
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AEEH e ATotAT Aol 932 vIE = 710l awalte] ARE B oS It

import asyncio

async def compute(x, y):
print("Compute %S + %S ...
await asyncio.sleep(1.0)
return x +y

% (X, y))

async def print_sum(x, y):
result = await compute(x, y)
print("%s + %s = %" % (x, y, result))

loop = asyncio.get_event_loop()
loop.run_until_complete{print_sum(1, 2))
loop.close()

o] 2] F4] BACIA B 4 gl the TWL D2 AZo] of P AHZ AT
Sj=7) e Mol

:the loop is running . :
f} | the task is pending |
| the coroutine s ruing

) :the coroutine is running
[ M lawait compute(1, 2) n

i the coroutine is suspended print{-Compute ...
await sleep(1.0)

1* : : the coroutine is suspended
<« . .
[T verand e |
[ Blatsaide 8 i
¥ W
? ] i the coroutine is running
T
1+ | the coroutine is running return 1 + 2
E raise StopIlteration{3)] 1
— [LEIIES L3 8 oac | the corautine is done
T raise Stoplteration ) 0
i s 1
| the task is done , the coroutine is done 0
'

I .
\ the loop is stopped |

A &7 hitps://docs.python.org/3/library/asyncio—task html
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&9
AT E AlsPE ZFEo] AAY o2 AR QAR T, print_result ZFE0] AHAFA O
2 compute F=2] AFE tf7| 7t

$ python3.6 06_chainCoroutine.py
Compute 1 + 2 ...

l4+2=3
EMALE

p

EWAARELE TR B4 B 7S A Y8k asyncio BE0) Z3HE SefiAct HA)
Fo g 4710] ERHARE FRJ7} Qe B BaseTransport S A2 RE] A&9)Tt

® ReadTransport
e \WriteTransport
e DatagramTransport

® BaseSubprocesTransport

BaseTransport iAo oA UdH 4719 ERRATZEO AA 57[9] vAsr}

ALk,

i
-

|

e close(): ERATEE th=r}

e is_closing(): EHAZETL FFEA I, ARE WK}

e get_extra_info(name, default=None): 37}2Q] EIATE AHE uis}3lc}
e set_protocol(protocol): $® T2 TIEBLS HA3ic}

e get_protocol(): @A ZR2EZFS VIR

i
¢
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2= Sd4n Jag, AdRyo)lAae ez Halsh= 4o R A4d St

22 FH= SRR

ThA W) ZREES] AL of WolM ThRA) gAeL, HolHels ERATES 3

A Ao it ERAZEL T2 EFo PR 34| E41= hps://docs. python,

org/3/library/asyncio—protocol htmlof| 4] ZopE 4= QJt},

F2E 210 £7)5}

asyncio®] ZRYL vAR Q] Walor FAeIY, Tl A ER FabE|= HEI B
Alglel =71 A7 40| € 7Fs/dol HA3] Qi

7% 270 gt T2 Q3 asyncio BEQ| S HIF O R o)A tE 5713t
U E o BA ANGEA] F dolof Fit,

o] oAl &, ofIlE, 27, FE BIFCR o]E0] oJHlE 7|yt slo]A L 33o)A
o} RA| Z2FEEE=A] Am R} W-8-2] $HAKY asyncio ZE 2te) 571310} wais) 713
a3t 7idQl 3t ol disiAe A 2= JAE AHECS,

Lock

asyncio 2E2] Lock A=+ threading & W] 7132&21 2 & Fejie} vjws) A
8791 330] lo] Ao FAsi

asyncio 2E THEL ojH FFE L FUSH 2831 HEo| FAjo Asgs 4= gi7|4
asyncio 7|4k T2 73] Z g HHo| go] 7l5EE St}



asyncio ZEOA] 2Hg QAARASIS7] Y8) thaat o] jEAt,

import asyncio
myLock = asyncio.Lock()

AA| F=E AwEAL myWorkerE T&3 async ZRE-S Aot Alksl=t, S
QA2 gltk, myWorker ZREA with 7|Y=EE ARSa] 2 vk=t}, 22 YS31H
Zvd3] print B& £33l 5 T8I AHE APt

2] FREo| A= coroutine Frofl JRIR A E = 2he JAAHASISITE

import asyncio
import time

async def myWorker(lock):
with await lock:
print(lock)
print(“"myWorker has attained lock, modifying variable")
time.sleep(2)
print(lock)
print("myWorker has release the lock")

async def main(loop):
lock = asyncio.Lock()
awailt asyncio.wait([myWorker(lock),myWorker(lock)])

loop = asynclo.get_event_loop()
try:
loop.run_until_complete(main(loop))
finally:
loop.close()

9l m=2 Ayt 2 Aelate] Aol ehg A olHe) 2 Yelasy) Mol Aga
oF T HE2 Aok, T WA neeo] LK 02 Abeln] IeAl] FaT HES

g,
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$ python3.6 asyncioLock.py

<asyncio.locks.Lock object at 0x103121dd8 [locked]>
myWorker has attained lock, modifying variable
<asyncio.locks.Lock object at 0x103121dd8 [unlocked]>
myWorker has release the lock

<asyncio.locks.Lock object at 0x103121dd8 [locked]>
myWorker has attained lock, modifying variable
<asyncio.locks.Lock object at 0x103121dd8 [unlocked]>
myWorker has release the lock

.ﬁ.

asyncio.Queves= Tol ol Froj7l 71 & F gt 7o) A FYsitt,

o] sl AL TREAS} o] RES YyoTh TREML 104 5 Ato]e]
articleIdsE A4/Jsh, 77t o]2fgt BE olE|EE geth Z2FAS} AgH 2
= ylYe F2ES Aostc} newProducer TFEEO|A] asyncio.Queued] AEEI= ID

£ Mol put FYolS 12vict Yagaic

import asyncio
import random
import time

@asyncio.coroutine
def newsProducer(myQueue):
while True:
yield from myQueue.put(random.randint(1,5))
yield from asyncio.sleep(1)

@asyncio.coroutine

def newsConsumer(myQueue):
while True:

09% OMIE 7|8t Z2J249) © 299



articleld = yield from myQueue.get()
print(“News Reader Consumed News Article {}", articleld)

myQueue = asyncio.Queue()
loop = asyncio.get_event_loop()

loop.create_task(newsProducer(myQueue))
loop.create_task(newsConsumer(myQueue))

try:
loop.run_forever()

finally:
loop.close()

FES 381 newConsumer TFR O ZHE AT PO EEZo| HEhd. ol
74H 02 asynclo.Queve ZAoNM Z2FA 9} ol ol 8L FAlo] IS
Hojge,

$ python3.6 13_asyncioQueue.py

News Reader Consumed News Article {} 4
News Reader Consumed News Article {} 1
News Reader Consumed News Article {} 4
News Reader Consumed News Article {} 2

oflES} 24
4o Mgz, oML B 17} A4 HEAR| Ashe ol Aol Be
ZJsiey, Theat Zol ol
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myEvent = asyncio.Event()
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AT BRI 1 o) 2] o ASEe deirs A e B2
o}, he} Zol IAEIASE 4 ek,

myCondition = asyncio.Condition()

MIDFZ0iOt s+8E MO0

asyncio 2E2 Aul3Eo}®} threading BEO A ZoRE 4> 9)= BoundedSemaphore
ZojglH B A FH o2 AF3ict,

oM BoqE Tt HEs] FUS T8 Algditt ZFEE dod sREv da
staL Yel2she F7RICh Al e, ozl Aol Haskei 2RR) £8 2
T 9l Zpgl HZo] ma iAol MAYSER] oA jict,

th33 ol JIAE AT

import asyncio
mySemaphore = asyncio.Semaphore(value=4, *, loop=None)

boundedSemaphore = asyncio.BoundedSemaphore(value=4, *, loop=None)

ot IRHA

Tl Z2AA Z2 TP ST EJojol HAT T D 2HE FFIA BT + A
ot o] A4 HeZ2AAE U R 45 wolv WAUSS AHBed,
asyncior= T3] o[HIE 7]¥k L2 T340l 39 Z2A|A0] H5s FET] BEIIH.




ol Xz o] BHE T BY 4E Wlol AFHoZ sk gperh 8
o 483 REE Qid), The T4 BAE AT,

https://docs, python org/3/library/asyncio—subprocess, html

1 asuncio X 18 [|H2A

asyncio 7|5t ofEE|A 0] AE AT o GAs| = ohfskA] nejdlE Fol St
asyncio 2E /A= A8 t)y]7)] BEg A23h=t)|, A|AH FCE Wo| 113
Zda Qlo] b7 Ado| 7 ES Eort,

CIHZ BC
asyncio 7|¥F T2 oA Tw7] Bz vjn 3] 90 T STt S25hd Hot

loop.set_debug(True)

s WA =5 AT EEA 7|23 275 ofFA thEA] gotiA} A= 2t
Tt oMIE R E Al 7)o AT E LRI

import asyncio
import logging
import time

logging.basicConfig(level=logging.DEBUG)
async def myWorker():

logging.info( "My Worker Coroutine Hit")
time.sleep(1)
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async def main():
logging.debug( "My Main Function Hit")
awailt asyncio.wait([myWorker()])

loop = asyncio.get_event_loop()
loop.set_debug(True)
try:
loop.run_until_complete(main())
finally:
loop.close()

SIS Ugshd chg 3t Po] £9E 22 B 4 gtk

HHN'

$ python3.6 11_debugAsyncio.py -Wdefault

DEBUG:asyncio:Using selector: KqueueSelector

DEBUG:root:My Main Function Hit

INFO:root:My Worker Coroutine Hit

WARNING:asyncio:Executing <Task finished coro=<myWorker() done, defined at
11_debugAsyncio.py:7> result=None created at
/Library/Frameworks/Python.framework/Versions/3.6/lib/python3.6/asyncio/tas
ks.py:305> took 1.004 seconds

DEBUG:asyncio:Close <_UnixSelectorEventLoop running=False closed=False
debug=True>

278 271 28] 98-S FEIR}. olefat F7hE 21k oMlE Raol @
2 ol 8x) ulaeA g,
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o AERio] U3 A7t 27317
e ResourceWarning A1l EAAZEQ} o|HIE 237} WHA|F o Z S3|X] Yk
2 A9 WA,
ol 2BAE 93 Rolth, Wyko 2 ulnA §-84 Boln, ZRIHL Avut 4
©og AdubEQl PdbRr} thekst S-S AlFditt. dasid & o A% A7 AL
S asyncio H¥7) REof W3t FA EAE A E7] vl

https://docs. python, org/3/library/asyncio—dev_ html#asyncio—debug—mode

1 EQIAEIC
sfojle] EQIAREMEIL g A, WY SelolAE, 519 A2W 5 e Z2a
Eo] A E) 4 olHlE 78 =917 Aolct,

EgAREL B30t ST glo] ATt R IR ANT 4 9lT, B9 M APIE B
S RS Ik, u1%7] W o[HIE 7]ut e RIS asyncio BEL} 7E Wl

0 EQAEIC myl50]| cHs o Lot Mo, ol HIE|S(Abe Fettig)et MAIZ} 242
2H(Jessica McKellar)7} £ FTwisted Network Programming Essentials (2014} &1
SiXL,

2Hcrst 8 KH O
EQAFEE YAOIE T2e] glo] e F& ZaAUITE B AN A 1Y
AN T} AT B4 Aol ¥hgSH 7 TCP Aulg 75t

A Z2aet $AT tlelee] vel t W 27 TiAe AFshs o g
Neig g,
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MA| twisted.web} twisted.internet mEOA Q3 HES Hyjert 79 the,
7= Mo HEEY o gis AAHAE POt theo R 2 Aozt gla
25 ARG Al E HER] o] JIAHXAE I

ofxjeto 2 Site WELZE TCP ZEQ} it &) AY-S A|2F8}aL reactor. run( )<
o&5h, FUEE 2E TCP A1} BE A2 vlo|EE Hdshe 59 AYe o F
AR Z22a3e 7heRich?

W

from twisted.web.server import Site
from twisted.web.static import File
from twisted. internet import reactor, endpoints

resource = File('tmp"')

factory = Site(resource)

endpoint = endpoints.TCP4ServerEndpoint(reactor, 8888)
endpoint.listen(factory)

reactor.run()

ol himl UG vhEro 2 A FEH=r], <hl> Bl7LR Bir)*Y S vhebdict wheba zigh
S| Aol ES 753 4 9l

<!DOCTYPE html>

<html lang="en">

<head>
<meta charset="UTF-8">
<meta name="viewport" content="width=device width, initial-scale=1.0">
<meta http-equiv="X-UA-Compatible" content="1ie=edge">
<title>Twisted Home Page</title>

</head>

<body>
<h1>Twisted Homepage</hl>

</body>

</html>

2 2SS E22c o 27 U0 mo|M 28 ARZaiECE - £210|
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o] & F AlFs}tar Hake-#o] hitp://localhost:8888/ &3 Eoi7hd g &
g A7 ARE RS & 4 ATk

oA7I7HA) ESIATE melgielae) g Bt dlAZ TRYEY), HE A5 PAL &
A THeER) T3t HRHEQ) Ze)gI9lme) Ae] S]] el gol AL Hct,

1 gevent
gevent YIEA glo|He|g)= IR TS /et ESIAE| =0} vl s Bl
Hol glon], olfiE 7]ut ol ofET|Alol S 44T = e T E AlTRIh
=78 theat gt

e WEoMERE

e greenlet Y7|X|E 7|Hto &2 3t 7pL A3 T

o Toy 7|2 golB oA NE-E AT 4 Y= API

o HEH 477 SSLBE

e TCP/UDP/HTTP AH]

o AFEE

N EETY L

1 9ol TRt BE0] Sl AUASo] ST fAY 2B THHES

R

http://www_gevent org/contents html
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OIE g
asyncio BEY nf7IAE gevent = O|HIE £ 7FL E431c} 7|4l ojHlE =

£ Wil 555 AHE oES tf 7 a&H fARlo] 7153t oHER
A% 2H FHIE Eo0lal oHEL] AA| o] RFsh Os7} oHIE U] AeE A
ZJ5HA .

tEl

greenlet

gevent ZH| Y =Z2] L greenleto|t}, greenlet-> G LA EHE C o= 24

3t uf$ 71e]e- FRE ol oj= ullg- 7t A =9} H|Sgt ZYAIE Al FE] el A

T 53 glo] mo] =R aMof|x| FAA T2 a0 7Hgslt

o3t QJajpseude AFEL greenlet QAR S vigto 2 RhED AJ&} HlAEE
3t} o202 FTE AL, & AEE AR 1 ke Agler) xpR|RI, 9]

22 HHE Afo|Ee =2 O30l gljlo| ARE| A F2E ujrtA] Zsgict,

ThS3 22 spawn T8 AMR-3f greenletS A ojgitt,

import gevent

def myGreenlet():
print("My Greenlet is executing")

gevent.spawn{myGreenlet)
gevent.sleep(1)

7R 2, ohEat o) 5] SE AolsieEct

import gevent
from gevent import Greenlet
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class MyNoopGreenlet(Greenlet):

def __init__(self, seconds):
Greenlet.__init__(self)
self.seconds = seconds

def _run(self):
print(“My Greenlet executing")
gevent.sleep(self.seconds)

def __str__(self):
return 'MyNoopGreenlet(%s)' % self.seconds

g = MyNoopGreenlet(4)
g.start()

g.join()
print(g.dead)

HA: SAEQIS
thE Aol A= stolyd ofEe|A o) dollA geventE AMSSELE 37| URLE Fshe

vl g-S ABAJ3}IL, socket.gethostbyname( ) E=E AMR-3 URLY IP FAE AMstz}

gevent HjY-& AZEFIC}

ThEC 2 joinall( )& ARE3l 229] A7 A|ghE 7o) IP 4 WIZhS S33Y,

import gevent
from gevent import socket

def main():
urls = ['www.google.com', 'www.example.com', 'www.python.org']
jobs = [gevent.spawn{socket.gethostbyname, url) for url in urls]
gevent.joinall(jobs, timeout=2)
print{[job.value for job in jobs])

if __name_ ==
main()

__main__
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e

$ python3.6 19_geventSimple.py
['216.58.211.100', '93.184.216.34', '151.101.60.223"']

monkey THFIXIS 0122t MXI

gevent 2lo|H22lE 83 1 gro] W F 3lLb= monkey 7|2 S 283 ATt
AA| monkey 7| X 2= oFFR A QL B0, AEIYo)A EA Y 2EL T2 WA
ofl Azt

o1 ol 8% 2t HolElo], REST API 2 9% o242 ngho2 e Pyt
£ WA 7] wlol T2 S sl Bick. nonkey 7141 HAE B HlA
E 53 92 o2 No] 9L A ol ASE Fasks Suos AgErt

I3t gevent tolEE|Eo] off o]Ro] W adl? geventof A& monkey HR|E T
o} SEAE FAAHA FACR vt o] 888 4= 9ok 7P 248t oAl = socket
SLEo|tl DNS 832 7|25 o2 A Feol7]of| o] o £x7} gt

o|2|3t DNS 8.3& Ao X3g3taixt 8- monkey HJX|E E-8-3It} gevent.monkeyE
o] &3] socket ZEQ] Tt FYAE HY TAAAR vlE £ A1 e BAIE AT
4= Qlth,

from gevent import monkey; monkey.patch_socket()
import urllib2 # &a4o| greenlet ZREIME K351},

o 5 4 G 714l ofsh o 2a ATk, the B4 £AE R,

http://www,gevent org/intro_html#monkey—patching
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9ol asyncio &S| A5 AT, oHIE 7|0 sholX Al x|o) A o R A & 7}
532 oIE 7|8 X2 0] FAE Awgict

asyncio 2E°| tfa] ZHA|5] thR1, oHIE Fxo| 14 9 B3I ] IREIY] HF, o]
HIE #E2io] 74 Soll iz oo Rrt,

10394 = RxPY BES B85 HAE 22 TS Zsh= T} 71E9] olHIE 7]
Rt =2 TRe) Ao e A
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s3] dlolel F4deleh, Th e, AJ2E Hlolel S W ujutch o= gt
o2 I8 7|F 02 Heolstu olE F it T2 e 3 Zefetn & 4 ot 34
gk ofefat WAlo] 713} Tham 215 ol 857lo] 1074 AHEY,
1044 lole =2 et geisl vold Solnajz)el RxpYol dhal XiAl8) tie
e}, o] go|najzle] ExT} o} T8 HIE7] TR IRe AAeks HE whec
A1zks}71o]] g4 RxPY ) 7] 22101 Abte]] Tl vy,
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o Tioket omdlols AEs B4
o BT B S49 o)A
. Ay

PyFunctional 2to]B.ajg]o] diajslz Yoti=tl], RxPYSte] Aol £4 4JRllA
o gA Tg3h=A] At A A Yok dAl Eupa dEThomas Neldo]
‘Reactive Python for Data Science'2h= S3AF ZHejollA] thRlo Y] Fa1skrt, 7]l
o] Mol thFEA| & theft o] ey & Fol®d F43Tt hup://shop.
oreilly com/product/0636920064237 doE- Z18}A}

1 cI¥E 27430 )12

SJole 2 IR rjEe] Qe L2 Y Autuke ¢S] et s 2e
30| RS olsiRto RN TFE SmEYolo] £TT 4 ek,

SOl Za e 710 BEHQ ARt Holtt ollE BE0 =49 Hold
el 5L 4 QP Bk T2 IRL ol2iet A4 Hole 35S W oMES
Bch. ol AL S5 ZFst WA 3] 7129 obr|8A U Letelo] uls) o]
43§ Belel= Fot,

2ol elolmalels AlARAe TRt 48 olMlEs] Wi BRI 22 AL,
dlele} B4 B X7 2] e HAH O FRssA) St o] WAL FlEdes
4] A4, 248 lelo] X2 e FAHOE o)Ak oE E5of AMgHT
SELEEEELEUER S E R E EERE U DR FIES
Eol) Zpia lom, EA97 Beo] e =82 o,
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clME T2 1249

HE JFollA HEER ERA0] T, ol Z2T3 A FFE =
F ZAdE E4&E

olidt T2 AU I ZRIHYM AR EE, £ B B
AAEE FA8hE d B2 A8 At TEbA oY AlAEE /R 9 & Fastar
wEtof & Fgol

I ReactiveX(RX)

Q']_X'l ?«']‘?H—E—RX' Reactive Extensions_lL__:_ 20101{:1 %_xét_p:l_)_\_Netﬂix E],_\L:: 51*]‘7]' ijava% /\F%-??]-EH
A AR e g
A et 2T dojofl 9w 2HE HAol o, o AHEA,

e A8} RxJava

o ZHIAIYE: RxJS

o To|A: RxPY

o AQZTE: RxSwift

0 2} 210{2] RX HEHE https://github.com/ReactiveXild ET5fxt

go|rie] Z|HE FefQl RxPY Reactve Extensions for Python &= 4 7hs ZeA7 LINQ &
Bt #e] engo]EE ARgShe HlE7] B o[HIE 7Rt T2 4 SholHaE
ot Wl 3¢ ggehner 2ol AU ) ReactiveX e H|ST HAUS ARS
Pk, A 27 AEYLS BE Vs 402 B, g fEAClA | BekeA
LreRiTt,



RPPIIE RPYS $88, TR 9 B 7hs S48 TRt ofZeiAo] g A
g % gt

U7k molef ofeigt eloluelels b 2 B8 4 Qs BEE 34 A, ol2Ho
2 2 37)502 74 14S 245 APISH 54 249 0 24 Adshe
RxPY 7]k gefich, oty 71do] 203A1= Wojal Fjo] Sicka 3k, ol e
o] o[HIEE WL, 3418 WA T Abe Wele) Ao elofssic

RxPY %5t
Theat ol pipE AHSE| RxPYS A|gt}.

pip install rx

RxPY+= PyPy 9l IronPythoni ¥t obj2} to] 2.7 9 3.4 o)4e] M oA = F2t
gt

B 7hs $/442 RxPY fEFA A 7HE 837 RO}, o= @A TFH =

< WEAA o MIES AL "rt 9714 S A, AL E fAUS

mechansm 7} R 2 A28 OJHIE TEAS YA} FA] B|FHL|FPush mechanism S 5125}
= ol

2R ]
RePYOIAE 79] thiio] B2 7hs S4o] B 4 it 2uL ol ajzjoly o
2 7K 442 AHlshe Tl glof W] B A0 471 ik Ba) Ut i
2 7498] ALY 4 A ol 8 THEL AT Rojic
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A
the cllAlol A= rx.Observer] 819] S22 Printobserverg F&ASITH ¢7]A] on_

next(), on_completed(), on_error() S8 Hestct o] A g TRloA F8

’

e on_next(self, value): T2AA7} 2L o|HEE ¥QFS Ao T2}
e on_completed(self): ¥ 715 &440] 2GS
e on_error(self, error): o8] A3L t}E AL

Aelre =2 22d Hart glok

:
o
¥
o
oy,

on_next() FLREE TEF 0] ghg Wol ©ed] SYshe B2 vy 7hdsi,
A HEAE ol gA G| BZsHA st

@ ooz ==szumey 2rom g

ZHEH RxPY BRSO B 71s $4E Uehd old) 258 Almna,

from rx import Observable, Observer

def push_five_strings({observer):
observer.on_next("Alpha")
observer.on_next("Beta")
observer.on_next("Gamma")
observer.on_next("Delta")
observer.on_next("Epsilon")
observer.on_completed()

class PrintObserver(QObserver):

def on_next(self, value):



print("Received {0}".format(value))

def on_completed(self):
print("Done!")

def on_error(self, error):
print{"Error Occurred: {0}".format(error))

source = Observable.create(push_five_strings)

source.subscribe(PrintObserver())

9 Fr 2 AYsHH 57l EAlHo] &8E]1l on_completed( ) §7t S&F L oj=
o) o EZ} §l5-S WARNA G, T2 IS FrE

$ python3.6 07_createObservable.py
Received Alpha

Received Beta

Received Gamma

Received Delta

Received Epsilon

Done!

odjA) 2

Theo 2 F41S Alnuk= 2kt 4] A A4S ghEojEr) 4] 7pAo] 7|23}
U3t FB 23L& WA e AsH 3}, B2 ojZog winkaxit H
A REAIR, DA e RS e 5 9l Holet,

from rx import Observable, Observer

stocks = [
{ 'TCKR' : 'APPL', 'PRICE': 200},
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{ 'TCKR' : 'GOOG', 'PRICE': 90},
{ 'TCKR' : 'TSLA', 'PRICE': 120},
{ 'TCKR' : 'MSFT', 'PRICE': 150},
{ 'TCKR' : 'INTL', 'PRICE': 70},
]

def buy_stock_events(observer):
for stock in stocks:
1f(stock['PRICE'] > 100):
observer.on_next(stock{ 'TCKR'])
observer.on_completed()

class StockObserver{Observer}):

def on_next(self, value):
print("Receilved Instruction to buy {0}".format(value))

def on_completed(self):
print(“All Buy Instructions have been received")

def on_error(self, error):
print("Error Occurred: {0}".format(error))

source = Observable.create{buy_stock_events)
source.subscribe(StockObserver())

Fof B3 2

FEZ AbyEE TCKRE UEHH F4] A4 #A9} PRICER Ve 5241 7HA L A2kt
gAe] e A Aol B2 ofd BEE BE shrjols] M4 ool girt,
Th&O & buy_stock_events T3 7Hs 492 AYel 524 9 744 v E S ALpHA
A& A 4 QA BRIBTh FAjo] |2 U5 F419] TCKRE oMLE2] 7]2A4
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npxjato 2 StockObserver SEl|A A 2olo|A] Observable A E A3 buy_stock_
events TS QAR 23t} 11 & StockObserver S22 2L IAEHAE Z3)

w2 7k 498 e

&9

AFE A o]F Asgsid oAl H FAS AHET 1002t EX) 74 v wgic)
APPL, TSLA, MSFT 2% 7] utZs}] Jtof X|A]1E W&}, StockObserver 244+ 3j
T ALE vho} A A3 =38 AR E3ic}

579 4] REE AHET U B2 s AA7} H71E9 StockObserver A7} F
a9},

$ python3.6 00_observables.py

Received Instruction to buy APPL
Received Instruction to buy TSLA
Received Instruction to buy MSFT

All Buy Instructions have been received

gt &4

oo e BE Fa2vt BUaT AYIIME the P Rl oF w7
o} gheplantis nelon 5. 7 2ck 288 4 ek,
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from rx import Observable

stocks = [

{ 'TCKR* : 'APPL', 'PRICE': 200},
{ 'TCKR' : 'GO0OG', 'PRICE': 90},
{ 'TCKR' : 'TSLA', 'PRICE': 120},
{ 'TCKR' : 'MSFT', 'PRICE': 150},
{ 'TCKR' : 'INTL', 'PRICE’: 70},
]

def buy_stock_events(observer):
for stock in stocks:
{f(stock['PRICE'] > 100):
observer.on_next(stock['TCKR'])

observer.on_completed( )
source = Observable.create(buy_stock_events)

source.subscribe(lambda vatue: print{"“Received Instruction to buy {0}".format(
value)))

FTof #ek EY
FEE AHEE #$2 vhs 4 AAle o) dA|e) U3, §F 71| F=sof &
o] qltt. © o]4F StockObserver ZeA HolE ExeA & Ha glo] st &2 diA|s)

BE G2 vhehd 4 Qleis Aolt)

source.subscribe(lambda value: print(“"Received Instruction to buy {0}".format(
value)})

o] EAF ofHolAE ATE FolT o RRo| ARALA I~ YA BE 4
Y27} gick, SPIRE oi7] A ol gol7l Shit, BE HCE shie] Yrpdlel Yom m=
7hE o] Wolju} £2] el B 171 4o ohE 2L Holk
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2t} o] A 2] on_next, on_completed, on_error ¥4+

o)A djAofA Fa3t BHrOo Ay} 7FASH AT on_next, on_completed, on_error
Thr7 ool thElzl Fefol vl Astr] ] obalvhs ook, IF AT 912 A
g thaat Zol gk d FHiE 8T o QUrh

from rx import Observable

stocks = |

{ 'TCKR' : 'APPL', 'PRICE': 200},
{ 'TCKR' : 'GOOG', 'PRICE': 90},
'TCKR' : 'TSLA', 'PRICE': 120},
'TCKR' : 'MSFT', 'PRICE': 150},
'TCKR' : 'INTL', 'PRICE': 70},

[ N

def buy_stock_events(observer):
for stock in stocks:
if(stock['PRICE'] > 100):
observer.on_next(stock['TCKR'])
observer.on_completed()

source = Observable.create(buy_stock_events)

source.subscribe(on_next=1ambda value:
print("Received Instruction to buy {0}".format(value)), on_completed=1lambda:
print("Completed trades"), on_error=lambda e: print(e))

&4
9 ZE9] source.subscribe ZTZEo A FEA7L B ost 3709] g} =5 A olF=],
2248 5 2ol tF Pt 371 Completed trades &3 2jol= FU3}, on_completed

o7 AYHOR PR & 4 Gl
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$ python3.6 10_alllambda.py
Recetved Instruction to buy APPL
Received Instruction to buy TSLA
Recetved Instruction to buy MSFT
Completed trades

QuAIOIEIOF 213

LHolEl ojm]gemssenat =2} Apolof|A] FARRILE ol TEARRE F4H X
oz EE o biojEE HEiitt

HAAH o2 RxPYE 130718] LHHO|EE HIF O 2 A28 T 7hs £4& o,
ol 2 o|BE A3 ZAsHA TS 4 Utk Observableol4] A4tsl= e
o] 2 HolE= =5 Observabled HI&stA Hot, ol vlgAS 43S 7438t
R} o2 uFo|elE AAs7] uizoltt

e oA

HA dol7h tAl S} ol BAHE S LolE SIS 11 E 2H#olEE o]FA
A dEsheA] Al

5712 2R wiEE F3l, .map() LHH|JEIE ARGl ZolE uliFslaL filter() &
Ho[EE ARG oA 27 ol81l BAE S At Wi E FEAE 7R do]
£ SF3le R Hoh A o183l EHRIT

from rx import Observable
source = Observable.from_(["Alpha", "Beta", “Gamma", "Delta", "Epsilon"])

lengths = source.map(lambda s: len(s))
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filtered = lengths.filter(lambda i: i1 >= 5)

filtered.subscribe(lambda value: print(”Received {0}".format(value)))

o T3k BN
9] FE M= 5719 A dutdl vjEE HeSl= Observable. from_ 5

rd

TS0 source.map L83 A EAA] Zo|F o] Wi B, BAtAe]
ol WasHe dth 42 ATt

135 oA ghS VRISHS Lanbda 345 AL Lol Bt

opxjefo 7t £x)do) oS ZAsH: 2E lanbda $45 AME3) Wi ol

AEYS PEHT,

A2 evdolg
oldel AT A2 mAUSS BE3 o] dAIE Ueh, vt gk

from rx import Observable

Observable.from_(["Alpha", “Beta", "Gamma", "Delta", "Epsilon"]) \
.map{lambda s: len(s)) \
filter(lambda i: 1 >=5) \
.subscribe(lambda value: print("Received {0}".format(value)))

o] AL o) H FEo PAol A oFE Holt GlXIL, 2t emeolE7t AT
2902 et Wast gloue 7heA) o
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o] oM RxPYOIAM ARER 4= Qs TRt L oigo|EE At AT 130
W7 de LB olHE 25 o] HojlAq 2T = 71l B 7Nt okt & o &
N3] & Ao exsdlojg] FA] BAE ZaskHhp://reactivex.io/documentation/
operatorshtml), 0] B]AEE ThFSE SQAAol| ARE- 7Hs3E 1ojo]H, ReactiveX 2 2}
e -5 Futad Aeks duEd,

W 7Vs &4 A7)

RxPYollA ¥ 7hs &4 AT Tds] oiofdt 9ol 71 EAgitt, eajgolgE
A8} 112} Create, From, Interval 2+ QW @|o|E|E E-&3tc}

2Oy dos WA fAEE TESIA AT X2 HE Observabled AAJoh=
Create 2HFo|E|7} QIth, BHHZ Deferi= PAA7} FE3M= 2] oA} Observable
2 B AAZE 7 5 S &0 531 Observabled AARIcH

W 7Fs &4 gl
B 7N 4 AR} TS oS SN BERTHH Be A0l 47t it To)
W Z2 AN AFE 5T BE B THs 4 Heke Yo Fas endoly
£ obeell AmRx,
2 7HA] S83t eu|ojEE A s EAtL
e Buffer: o]} A% ObservableZHE| 57|20 2 olojellg T O = W A%}
£ 3t R ZEA Feth ol Ao pulute] 2oz AL

e FlatMap: ©]u] merge_all L HolEE A3 B 715 &4 Ajsht,
FlatMap S HEo]El = o213t B 715 £448 shuha Weksh= tioke Al 53},
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o Map: Folzl P 7Hs S4oI £H LE FehS MBSk Fold 7 Y

o && A&t

3 oo A7 F A= e HolE e ERSANL, o] BTt AlRtshe b AEs Held

W 7s &4 HE 5

RxPY+ W 715 448 Le|Yohe APIE AlFdch oA AAloA A4 Filter &
Hyoje)E AR, W7t 438M= Distinct, ElementAt, Sample, Take 2.1 &|0]
Bl ARG3 R vt}

e P BAE enolg 9] & 1R v S| AEE AW EAL

e Distinct: ObservabledllAl FE% 32 23| A 3t} FEH 2AE
£ e 3 EdE TRtk 25 olH

e Take: ObservableZEE £8H n7l9] 519 =S 33t

e ElementAt: Observable2HE] Z8H n 939 FH=-S vlglsic}

B 75 &4 ol e
AHE e A2 BE Z20H 07t SZE oA Fojof & FZo|tt, RxPY 7|xt
Z20PL defE U 4 el thad 22 oflF A7 230l 271E AlTith

e (atch
® Retry
g @ 2C B2 Jts AN

ReactiveXolli= ThgRt FEA12 B 7hs AAIE Aske AL QA= 3 € 2=
& 7hs A Ado] &gt
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oty F4l0) Y2 e BES BUSHE B 7hs S40) TR SR, AR o B
7hs 4401 SESIAL e FEAH 17 Ik olA] of B 7hs ARje] of2) 7
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ofR Aol T 715 A= olu] 1 9] FER] o[ 2H5H HEo] SHHA
o=t TAlel ol R WA Btk ol 5 B 7is £49] oA £ st

T 7Fs £4d0] ofu] YEW R SHE = Aty ole EE FF 7Hs AAL

OIME LHELTI
RxPYOl A o[ 7|8 2 1o9at SAFe ANHa el o] 2 Hlo]s) mEe} 2]
sl B B 7bs AAE AT 4 Yt
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E LEYS TEEAL

from rx import Observable
Observable. interval(1000) \
.map(lambda i: “{0} Mississippi”.format(i)) \

.subscribe(lambda s: print(s))

input("Press any key to quit\n")
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Feof B3k 47

FCofA} Brir|n] 1000820t} Mississippie} o]o1A 19 Ay} &Y== T 7}
5 AAE A3} th3o ol RS W R 71d8] sk "k 3 opilE
£ =31,

input() T&8 T2 7Y £ E 23} ol ZF AH|=2] Observable. interval()
S ndolg wEQl], TIPS 52 glo] v er FRE 4 Itk

29

L2 IXE At thga} o] Esial FEHTh
0 Mississippi

1 Mississippi

2 Mississippi

3 Mississippi

4 Mississippi

5 Mississippti

6 Mississippi

EEPHAE

A7 AT AAAE 1719) B 7hs 44 9 B} g A9E ohk o
A5k RxPY SolEeizle) e HEe okt 7EAE Wil 4 Y BehaT
muticsstg o] 7}55hchs Holc,

HeAAR L cle] FEATL sitel B 71 AAE TR 9] DA, ol
BE FEAE U o[ MEs IS o7k 42 4 gk, AT BelAAYS ARg S
W ATRAOE of2fdt XolE glolm, TEA Aot ugle] BYHOE oMES
e 4 gl
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from rx import Observable
from random import randint

three_emissions = Observable.range(1l, 3)
three_random_ints = three_emissions.map(lambda i: randint(1l, 100000))

three_random_ints.subscribe(lambda i: print("Subscriber 1 Received:
{0}".format(i)))
three_random_ints.subscribe(lambda i: print("Subscriber 2 Received:
{0}".format(1)))

o] I 370} Fabg] o= S R e B 71 S0, 2 S4L 158
100,0007%] 9le] Fake) 48 AT FES Agste 154 19} 757} 2 BE

FUTH oMES =T}, ST o

>
E}
o
1o
]
W)
o
i
&
e
B
8
;i
rr
i)
il

$ python3.6 03_multicast.py
Subscriber 1 Received: 21097
Subscriber 1 Received: 19863
Subscriber 1 Received: 68053
Subscriber 2 Received: 69670
Subscriber 2 Received: 11348
Subscriber 2 Received: 8860

A
RS dllAlolA o] RS Eel AR BoluA), Observer 4] 519 ZeAel
Subscriber SYAE A oJgic} o] S A4 on_next(), on_completed(), on_error()
g T AEE s SR

2oz upriz|2 oA d|A|Q] three_random_inits W& 715 AAE Ao
.publish() 5 ARGSl EaRIc,
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ol Wit 37he) FEALE B A5 4
BE FEA7L Y AEE AEYS WEE Fulich

from rx import Observable, Observer
from random import randint

class Subscriber(Observer):

def __init__(self, ident):
self.id = ident

def on_next(self, value):
print("Subscriber: {} Received: {}".format(self.id, value}))

def on_completed(self):
print("Subscriber: {} Received Events".format(self.id))

def on_error(self, error):
print("Error Occurred: {}".format(error))

three_emissions = Observable.range(1,3)
three_random_ints = three_emissions.map(lambda i:
randint(1l, 10000)).publish()

three_random_ints.subscribe(Subscriber("Grant"))
three_random_ints.subscribe({Subscriber("Barry"))
three_random_ints.subscribe(Subscriber("Sophie"))
three_random_ints.connect()

=

37He] =27 3719 M2 oHIES W1 uix|uo] & Atei7t

$ python3.6 14_multicasting.py
Subscriber: Grant Received: 211
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Subscriber: Barry Received: 211
Subscriber: Sophie Received: 211
Subscriber: Grant Received: 7120
Subscriber: Barry Received: 7120
Subscriber: Sophie Received: 7120
Subscriber: Grant Received: 2802
Subscriber: Barry Received: 2802
Subscriber: Sophie Received: 2802
Subscriber: Grant Received Events
Subscriber: Barry Received Events
Subscriber: Sophie Received Events

TFE A1Zlo] dolel Ak 279 B3 7Hs o] R 4 9k, o) Aol
S B 7K 542 A ANHO Shte] B 7K £HOE slf FEAV} &
a0 15T 4 A Bk,

e m

A

ol

AN A 7RO R SHe 24 e T2aRe AR, HRE S TS A
Hu 3 AlARAY] T de] AEUER oMIES WAL Tl B 7Hs £40] 9L

]
o}, ol2 Aelld AR O BE B 7hs £4E B shhe] 84 iz At
o 74 Z2 RS HgHo R AN 4 ot

@
%

AR B 7Fs £ 8 HAEUES TAshs 2A19] B¢ RxPY oA Tt
Hello|H S BeY 4 ok, oS FEA

e and() / then() / when()

e combinelLatest()

e join

e merge()

e startWith()



e switch()

e zip()

2233 oA Zr exdolsE A &8 + JoEE oW oJHE B8l

olgish= Ao| Fasltt,

zip() A

the: dAloME= Lzip( ) 2HFolEE AR BlAE WE 7Hs £493 intervals £4]
< shte] B 7k S4 o8 AA%) SO0 F | subscribe() L dOEIE AR

N2 A28 A2 BUES TETY,

from rx import Observable
listl = [23, 38, 43, 23]

letters = Observable.from_{1listl).to_blocking()
intervals = Observable.interval(1000)

def main():
Observable \
.zip(letters, intervals, lambda x, y: (x*y, y)) \
.subscribe(lambda t: print(t))

if __name__ == "'__main__":
main()
input("Press any key to quit\n")

&9

g Yt cheat o] 2B, WA WgYHoR FREE 22 o input
T ATE B S QU Vistl gt AR A5 grel F 293 A= glo] A=

FEE 22Ech
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$ python3.6 06_combining.py
Press any key to quit

(0, 0)

(38, 1)

(86, 2)

(69, 3)

merge_all() L o]¢

T 7 448 AEs) HallAle merge_all() LH@o|g] ESE 27 ol 48
TEE 4= Q= sl £4d0 2 WHEE o= Qi

kS AAjoll A 279) wiE R Y 7hst #E v £4 2708 Ao ez
sourcesth= IHE 715 &4 vl ES ABAJBEAL, o)A merge_all() 2 HH|o|EE Hig}

oz Az A S 71EY F 44 Bl Baksl dadtt.

from rx import Observable

1istl = [23, 38, 43, 23]

1ist2 = [1,2,3,4]

sourcel = QObservable.from_(1listl)
source2 = QObservable.from_(list2)
sources = [sourcel, source?]

def main():
Observable.from_(sources) \
.merge_all() \
.subscribe(lambda x: print(x))
if __name__ == "'__main__":
main()
input("Press any key to quit\n")
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$ python3.6 11_mergeAll.py
23
38
1
43
2
23
3
4
Press any key to quit

SAlM
o] ZoflA thf= itk T T TEA|20] 2ol ghA e, FAE 2=

Tefgo] RxPYOIA The 5 Sieo|el S Higro 2 st gick.

e subscribe_on()

e observe_on()
F oHgolE BF YARE 7Hs3E 2R A e 8 A/AJSTALA} ThreadPoolScheduler

2AERE AT

A
URZRE 34 EA00A AlFshe BlolBEE] Z=E B3 RxPYIA FAIEE T
Ha =,
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Che FEoA G4 A8 A AFE AHIETE re. concurrencyoll 4] ThreadPoolScheduler
AT AMgTi 1 ofg) AU THA oES Agehs 3e) BE 1 44
2 Ayt

import multiprocessing

import random

import time

from threading import current_thread

from rx import Observable
from rx.concurrency import ThreadPoolScheduler

def processHeavyCalc(value):
time.sleep(random.randint(5,20) * .1)
return value

# CPUS| H+E AMetn A E 420t3 ThreadPoolSchedulerE M4g3ict,
optimal_thread_count = multiprocessing.cpu_count()
pool_scheduler = ThreadPoolScheduler(optimal_thread_count)

# Process 1 44

Observable.from_( ["Alpha", "Beta", "Gamma", "Delta", "Epsilon"]) \
.map(lambda s: processHeavyCalc(s)) \
.subscribe_on(pool_scheduler) \
.subscribe(on_next=lambda s: print("PROCESS 1:

{0} {1}".format(current_thread().name, s)),
on_error=lambda e: print(e),
on_completed=lambda: print(“PROCESS 1 done!"))

# Process 2 ¥4

Observable.range(1, 18) \
.map{lambda s: processHeavyCalc(s)) \
.subscribe_on(pool_scheduler) \
.subscribe({on_next=lambda i: print{"PROCESS 2:

{0} {1}".format(current_thread().name, 1)),
on_error=lambda e: print(e),
on_completed=lambda: print("PROCESS 2 done!"))



# Process 3 A44(23t)
Observable. interval{1060) \
.map(lambda i: 1 * 100) \
.observe_on(pool_scheduler) \
.map{lambda s: processHeavyCalc(s)) \
.subscribe(on_next=lambda i: print("PROCESS 3:
{0} {1}".format(current_thread().name, 1)),
on_error=lambda e: print(e))

input("Press any key to exit\n")

&9

SIS st JYHOR FAY SAEs HBE 2 2 4 ok W ol B&

i

o7} 23} “Press any key to exit’ & & 4 Ut
2 % 370e) ZRA|27L A0 ARET Y gl Al Hal F1Hoz U
£7) e,

$ python3.6 09_concurrency.py

Press any key to exit

PROCESS 1:<concurrent.futures.thread.ThreadPoolExecutor object at
0x102abda20>_0 Alpha

PROCESS 2: <concurrent. futures.thread.ThreadPoolExecutor object at
0x102abda20>_1 1

PROCESS 1: <concurrent.futures.thread.ThreadPoolExecutor object at
0x102abda20>_0 Beta

PROCESS 3: <concurrent.futures.thread.ThreadPoolExecutor object at
0x102abda20>_2 0

PROCESS 2: <concurrent. futures.thread.ThreadPoolExecutor object at
0x102abda20>_1 2

PROCESS 3: <concurrent.futures.thread.ThreadPoolExecutor object at
0x102abda20>_3 100

PROCESS 1: <concurrent.futures.thread.ThreadPoolExecutor object at
0x102abda20>_0 Gamma

PROCESS 2: <concurrent.futures.thread.ThreadPoolExecutor object at
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0x102abda20>_1 3

PROCESS 3: <concurrent.futures.thread.ThreadPoolExecutor object at
0x102abda20>_3 200

PROCESS 2: <concurrent.futures.thread.ThreadPoolExecutor object at
0x102abda20>_1 4

PROCESS 1: <concurrent.futures.thread.ThreadPoolExecutor object at
0x102abda20> 0 Delta

I PyFunctional

PyFunctionalS ZjHE T2 737} v]3t /P w2 22 2| o] Ao A= IR
22517 9t} ol Wol Aol A8 WY T2 IS WEA st

e 2 BE 22 a8y 2F oy 27130 A% A e ge e
5 G843k F3e] ok 2 TYolA dojuks RES} Atglo] TUd 2HE vt
3l5h= T8 Aol5HA "k, PyFunctional® RxPYS] 7 & Alo|d& dlolg] 38
2 Y Fejolut, thRIA) = dlojgj7t Aoldiths Zojth, RxPY+ AlAR A THA]
= diolg] € o]%9) oplEe] 20| Ut PyFunctional- grd =29 /HdS
A3 dlolE| ] BighE F2 ARGSITE

PyFunctional-2 ¥ eu#o]e|7} A2 dlolg mo]Zals 4A AT + I
3t} o] alo|Ealal Ph.D SHAIQ] WSR2 2 T ]| R PedroRodriguez 7. A gl Spark2o} A
Zepsetado] kel wHEQoH, diole AEYS A chEuAt oot AZH
LINQ AEFIE AMG3l| Z=5 APARITE
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319 24 EM

thea} Zo| pipRE PyFunctionald A3},

pip install pyfunctional

The A AolA] functional &S B2 ARGt

PyFunctional 2Eof s &L Aok, A&E xAa(htips://github.com/EntilZha/
PyFunctional}& ZRSFA L FA] Ao E(http://www. pyfunctional, org)S AFH B}

2HErst BRI

ol PyFunctional 2ES ANl B Z2IHE of B AsheA] AAIE v
2 Aw Bt ol pyFunctional BES Guht & ARESH=R] 71 2AQ) AFHS 13|
F ATt

oh dAlolME 2EY A2 WHE 9l 22bg S8tk seqE 83T WA 2 S
FHIE sk Ho B8 ARSS A48 5 vigdic), oo ekt E 42 Y
B3k, U] ghe] jto g A4 45 FAE

from functional import seq

result = seq(l, 2, 3, 4)\
.map(lambda x: x * 2)\
.filter(lambda x: x > 4)\
.reduce{lambda x, y: x + y)

print(“Results: {}".format(result))
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$ python3.6 12_pyFunctional.py
Results: 14

AEH, 3, WM

PyFunctionalolli= APIS 58 &= QI Al| 714 e~} Qlct,
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3 olHB2olA Ao AL 1A Hrt 2EYLS =& 9 B-85tu7} 3= Ho]
ElE goiSqict. ¥E FE2 AEYH HolHE Hed o~ glon, AAL o]y Het
HAZE FAAR G ALK,

seq(1& 523 QIRjo] Hlo|el g HLSHE ol Any oS Wgen, Wet 3 2%
2% % 9 ek

EEE cIAE

PyFunctionalofii= HeEjR HAE tdst ewgo|sE AlFshat], SEHLS Y3t
+ 23 P2 HEske b A 5= AU

o] dllAeIAkE 4] A e Wk A Avun, Y Hde] Aoks Y
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Stock B-Z2 Aol5l7] YA+ collections H7|Z|2] namedtuple ZE-S E-83lc}
B FEolle 24 AN 4719 A 71 o8 FAE s gs Aot

from functional import seq
from collections import namedtuple

Stock = namedtuple( ‘Stock', 'tckr price')
stocks = [

Stock('AMZN', 100),

Stock('FACE', 200),

Stock('JPM', 8@),

Stock('TSLA', 500),

Stock('TSLA', 450)

costs = seq(stocks)\
.filter(lambda x: x.tckr == '"TSLA')\
.map(lambda x: x.price)\
.sum( )

print(“"Total cost of TSLA transactions: {}".format(costs))

&9

g QYA RE T4 F TSIAR B4AOS elH 22 ¥ 4 o) theoz
Yo E YLD w53 e Tohm AN HR A Baol et thewt 7
o &¥eict

$ python3.6 13_pyfilter.py
Total cost of TSLA transactions: 950
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SQLite3 #71 % M)
PyFunctional 2fo|He2]= SQLite3 A& AF3h, Tt LujHol8E nig oz
DBS 2| 9 B33t 2HS tha A siErh

of|Ath, sqlite3 dlojEjujo]AE F2IE uf seq.sqlite3(db, query).to_list()S &
/3 dlojejHjo] A2 =& Fe3lal AERZ WSSt 4 it F= AL 44 & ot

ohet 7St 7hEA 8 FES WE 4 ok

34 EAoIA AlFste diAl= dloleHo] A9 RE AMALE Hegict, Hlo]Euo]A
ARL sqlite3 Hojgyo|AR A3l ZE ARRAE HISHs}IA} select * from
userE ZE3ITH to_list() L¥ole= Toli 7| fAER HEH SQL He2H
B] wiehe g Mgt

db_path = 'examples/users.db’
users = seq.sqlite3(db_path, 'select * from user’').to_list()
# [(1, 'Tom'), (2, 'Jack'), (3, 'Jane'), (4, 'Stephan')]]

sorted_users = seq.sqlite3(db_path, 'select * from user order by name').to_list()
# [(2, 'Jack'), (3, 'lane'), (4, 'Stephan'), (1, 'Tom')]

sqlite3 WO dlojgHjojAg2 F=F A4dshe Folle thefeh iiiol Qi
import sqlite3
from collections import namedtuple
with sqlite3.connect(':memory:') as conn:
conn.execute( 'CREATE TABLE user (id INT, name TEXT)')
conn.commit()
User = namedtuple('User', 'id name')

# 22 S8 A

4 hitps://github.com/EntiliZha/PyFunctional &= — §210]



seq([(1, 'pedro'), (2, 'fritz')]).to_sqlite3(conn, 'INSERT INTOQ user (id, name)
VALUES (7, 2)')

# SE/2|2E29F US YYE HOIEZ Ysh 2pdFiCt.
seq([(3, 'sam'), (4, 'stan')]).to_sqlite3(conn, ‘user')

# YAE S22RE L7|0IF 2Es) 2.

seq{ [User(name="tom', id=5), User(name='keiga', id=6)]).to_sqlite3(conn, 'user')

# YMUE|RRE AF|OIE 28 2gSIT
seq( [dict(name="'david', 1d=7), dict(name='jordan', 1d=8)]).to_sqlite3(conn, 'user')

# SHEA HYHUE2 ASRE HAF.

print(list(conn.execute('SELECT * FROM user')))

# [(1, 'pedro'), (2, 'fritz'), (3, 'sam'), (4, 'stan'), (5, 'tom'), (6, 'keiga'),
(7, 'david'), (8, 'jordan')]

AF7HA) ARgAL H|o| 22 FE HAES ZShe o7 71R] e dokith

2r&s el

PyFunctional-2 gzip, lzma/xz, bz2 2+ ¢& TS 44 th& 4= A Al&3st, o
714 A58 ato] USSR FRIsta ARkl Tt FUstA 2HAE 4= Sl

3 Hlolele] Aol ito] WastnE T2y Sxo] PR vl ST
A4 I3 X7t U spou] 27wy,

ol2idt UL AT v ofef Froll UF AR A SoF Bt

o gzip Y=ol gzip E=gz
e lzma ¢=o=lzma Exz

e bz2 gEo=Dbz2
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e map/select

e filter/filter_not/where

e flat_map

Z2 W A I=F A9 T2AA Fe2 vt $ multiprocessing 252 8-
A9 5 W 7T = & Aol
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GPU Al=ol)|

114l Thold Z2adel A% P4 913 GPUS T8ake e Avizc
GPU7} RStole, ol#l T2 o)A o8 A 88 o8 YA Yok},
cheo® AEste HE2 S AslE Ba glo] YeHHQl T2 Il GPUS &
BT 4 Qi ol s rerrer g A e,

PYCUDA 2lo]B3felis C, G+ 22 B3R QlolE @] Rols 24 of&allold
2 4T 5 YA e,

117004 GPU L2 9olA] tiapstl AAg s slo]Befelg 47pgict. ofefat 2
o122} AASIT GPU L APU StESolol Al o5 eloleiele] 7o) Akgshe
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e PyCUDA

e PyOpenCL
e Numba
e Theano

3 el A GPUZ} 7]&2] CPUC B3| ofE 2] T $:2X] AwHA

I GPUANM

o 3]2) AR oY Grashcs Processing Unt . ek 0 2 1% Aol Algel] 2] o
A4 otk BE 4% 3D ¥t AS YA shid T T Fheg Tuis)
A7,

HlEl2 AR 3D AAES AT v Bk Sk o) ddlo] Wasieh A A
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oL ghe gole AoldlelAr} Hasid dd, el BA € 24 Ao 4l
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A AAL BE St ZHE e dolelS Hesha mhe] gstaust Acke
AL 522 2% 2 A} 512o] WAz Folct,
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ERERDEEOE S
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7 Zolt}, Fa Hope thet Pk,

machine learnin
o 4l Y d
° H_= classification
ALY '
B 1] cluster analysis
o FAE] Bacusteranalysi

° E“o]E-] n].o]16] data mining

olofx i SN Shty Abwlui,

HAI 2

ANHOR A= P HAE o BREd oAl Bd duelEe Mo Aue
WAt 7Rst 3 B o TlolElE AmETL Ho|sE F4les guelFe] Ay
WA o] 39| Hlo|e) HEFE St} 8 T Fe Hlo|EE ANt

T AE
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Al 2 oln] E£57d AE o8 HE AAE Shashe TY EE AR, 2

346



3 ME dolg 2R E sh5H AR 7o dof FPshe s e 2 a4AE BR3t
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Zei2E BHol YT 542 AW FHULHZ 2 vlole HESL 18RI 2L
Wk, 22 P4 A2 A G A, 54 Tolg AN i) 1539
slolxlg Uehl At $1 Se2EY B delZol AgHrt,

the 2L chpet dole] YeiE Boizeh S SeAET 2L 714 olgs A B
20| FHem2)2 Slo|elg TF3HE 4 AUt 2 dlolel HEo] HME U ol At 4
ZaEnt, Te)3 e Tofol, TRHYE A, MR ARolo] ek ol ekl 3
23, 7 FelAHPE oleidt YolHE AN Fol ekt

A X https://en.wikipedia,org/wiki/Cluster_analysis#agglomerative_clustering

HolE| otols
dlolg} mlolde 4Bk dlole] AECIH Wad YRE Saslks upie Wik Uv
Mo the thil B A2c,
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1. A@snA she vlo|EiE Helght,
2. dlolelg A=,

3. Hlo|Elg Wk,

4. dolEE nopgsict

5. 27 a4 U Bkt

[ st/ 2t ] A4

(oo | \I"‘@"-

{ me
e . N | HOE E
2T | |

. ;

¥ e i 5
mmallll ;o HoE | 5

A EX: http://www2.cs.uregina.ca/~dbd/cs831/notes/kdd/1_kdd.htmi

o] ZAloh BABA Bk afSermerdMarr 7} 24 TRig Data (WAL 20168 HEHAL, o]
e sjop elo|Hele)S Abg ] olaiet BgL whdgle] e gl

1 CUDA

AlG7tA| CUDAE AMEshe d Badt glo|Haiz}E Awgi=d|, CUDAY} 3&s] &
< ROl AA| ARgIhs ofd HRlo] QleA] golEA,

CUDASE <llE|cjopViPhAlol ] 7iitel B HHY SHZ ¢ APIOJt), ol GPUOJA
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ASHe AT $RSE Qe T2 e DUk B8 S YRS T
QIgict.

GPUZ §§3H31%} CUDASIA AIE3He thRet APIE AMS ) 417 Sfoldl Zeage
AL 4= Sl ol API: IS A3 Bel3) g ddlo] a7HE HEe U o

FHA e FTEE A

MIHICIOF J2HE! FHC 2101 CUDAR il

302 CUDAR Z%J5k PyCUDA 22 glolualels AMgalr] Slsiie Hdst
=glol7t Qlolok whek, THYsIE diF eloluaiels B8] $iE BAIS sEe
ol gled, eAlE Bat ohitt,

T 71 W SEBE WA Aul2 59 FASES olgsie ol A,
AWSOIHE dltio} gl FAT A2 AUY 4 glon] ofgat ek A}
g2 A2 "ok, Azl vd HEe P, aws Azete T3ah 5
#517] PRAIE ol BE A7 $A7} asit,

% WA 7h U e duitol Zlvke) e Fleg Aol Adsks Ho|
o}, A5 Hert 2Ale) 2o Fhe o) A] B x|Eo] Yoptm e HHT 740l
B asj},

Wlmoas Haje) 4o ulgol HA SANTL Ul AEA GPU glo] B AI7he
Zerec e Adeln Tefe st gkact 989 o B ulgo] X&sit

1 PyCUDA

PyCUDA sto|d 7iaAtol|A] Au|tjole] CUDA BE AHF3E B83Hes T dojd
ZojHzz|,
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o PyCUDAS| 4| EME AX3IAL 07]0ll= B4 A4 REQ} HYR! 2|AET} Ut
https://mathema.tician.de/software/pycuda/

o] HojlAl= dlvldio} GPUZL B aFh EX%H At 22304 PyCUDAE %A &
$3h=R] 2t oAl S B v

nx
PyCUDAL Toret S4jo] Qlonz Alwia)

o ZAH Aele AAZE &3A e AE 28 2AIgl0] ZETT 2 o] F
o] dgjof] FEE|A] YA Jich,

o o]Ho] AFF%o], PyCUDAL] 71 2 A2 pycuda. compiler.SourceModule
7} pycuda.gpuarray.GPUArray 2 T H-5.0] APIE ARE3} 4= QJrh= Aol

o PyCUDAL R[50 Tjolil dje] H2lel RE ofaiE Halshne o 24l 3
=8 24T Yast gk

o A2 ¥l et atoluejein

o] 2| FAK} elolRele] BE o] Bt AAE ThE S ik, BA Ax A
2 F=g Prs) Ags|Rg v,

2eret oA
PyCUDAS} 4] Fufjo|xjo] b2 oA =5 HwRA}, of Z=F 3] PyCUDA A
iAol gt Zheket 4709} PyCUDAOY T3t 7]18.2)Q) AR uie- 4= Qi

FE o)A PyCUDA % NumPy 5] W a3t HE-g Bejer},



import pycuda.autoinit
import pycuda.driver as drv
import numpy

from pycuda.compiler import SourceModule
mod = SourceModule("""
__global__ void multiply_them(float *dest, float *a, float *b)
{
const int i1 = threadIdx.x;
dest[1] = a[i] * b[i];
}
")

multiply_them = mod.get_function("multiply_them")

numpy . random. randn(400).astype(numpy.float32)
numpy . random. randn(400).astype(numpy.float32)

o o
woon

dest = numpy.zeros_like{a)
multiply_them(
drv.Qut(dest), drv.In(a), drv.In{b),
block=(400,1,1), grid=(1,1))

print dest-a*b

H
Agde g 2Ry 9 dojoll ARgEl= Tidelt #d

&5 GPU 9] YFolt). wehs ol 0% sto|y 22T

Assinl, GPU 39 79 B0 ez ok
o A T Tolyl T2 el thet 2ok,

mod = SourceModule(
__global__ void doublify(float *a)

== CPU ZEoA &

1% GPU AKR3E17|

& cPURT} YoflA
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{
int idx = threadIdx.x + threadldx.y*4;

a[idx] *= 2;

}

nn )

OpenCL ﬂ‘é EEJEHUO]% Z]-k]]ﬁ] E}__Le’: roperl CLZ& jaﬂugThe OpenCL Programming Book
222 hitps://www fixstars,com/en/

(Fixstars %, gtdlojcio], 2012)& FI13}R}, A
opencl/book/OpenCLProgrammingBook/first—opencl—program/o| 4 2810 &

24 e
PyCUDA % 79 ol g3} Zistut e, A9 T2 1ehee A wplng &

i

GPU HiE
GPU H|¥2 PyCUDA o] E{2lollq F23F Fi2olot, GPUR Adsh= B3It F2

< £ gj4lof] numpy.ndarray$t Ble3bA] 2HAE = Al &, SEA Fele

chea} ek,

class pycuda.gpuarray.GPUArray(shape, dtype, *, allocatorsNone, order="C")

olg A 27|3Fsh=A] A E} gpuarray.to_
z7|3Rgct, o302 gpuarrayol] F2AHIE A

=

the FEO A gpuarray QIAEAE
=

gpu( )& &=3) gpuarray AUAEHAE

A k& Al iRt a.tripledE A3t niR|go R, F&o) AAE S

import numpy
import pycuda.autoinit
import pycuda.gpuarray as gpuarray

352




a.gpu = gpuarray.to_gpu(numpy.random.randn(2,2).astype(numpy.float64))
a.tripled = (3*a gpu).get()
print(a.tripled)

0 0] Mo| et7l4 A EMQ HEE 2ZF EX| RYUCH UES & FZEsIXL

https://documen tician.de/pycuda/array. html#

I Numba
A4 £49) 3 Feh2l Numba Toldl Hmel £& HANS vigo R 3 B2
9] e ZeE dojr}

0 Z2A! pydata HAIOIE M= Numbaof cist A7HQ} Mo 2 2HM &2RE 4 QU=
HHHS FIZSIC) hitp://numba.pydata.org/42 AT5HKL

o] Aol ophEriimen® gefe] Numba BHE At vldlo|eE Eubsoln
EgH0R B4l 98l 29| ThRt Numba TH71AE BE3hs 4 E3t ot
o}, Numba®] 7|22Q) $3 GPU % APUS Z2 7ol B85k Bt ZHE
23 st

y El
Numbai= LLVM Z5}ela] QIekg A3} sjold =g AHste 7o) 2= 4
ik @A) Z=olA) 23 2HSE Z2IR Aol 2 Aol FATE 4 Sk
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Numbal| £

Numbai= 7REAFE0| Fold Wit E 54 Al 7FA17F o
LR i A
e CPUCI®) 9 GPUO| Yloje|H = A4
o uholy I3} AT Eoole] B3}

sholl 2 9 TP 38 TRt LAA] 222 A UsH7]o], Numba AHS-S shol4l
BTk AR 7he Wb AR Zlth

LLVM'

LLVME /iAol 259, AL Hutdel, B9 742 4% Z2dE 7y
Fmonikerc} o3 meMESRE AZETY, A 7)) BAo] B ARFES] of
B2 TA 53} 712 AL o ol AR 5~ glA Frh

ol A5}t 2.2 i ¢ 7t FT, vlo|iE PN d] 2HE Wk CH+E F
2 A, Thet Zo] Tkt dojot L2 ES vigo 2 i,

o ofojci
° E;ﬂ_Foﬂran
° ﬁ],o],;‘)\ijthon

° $_H] Ruby

At 4ol Fol Wohd ohs 7IAE Fatsial

https://gnuu, org/2009/09/18/writing—your—own—toy—compiler/

1 B LM siutel Z2MER T 907t of WoiX 0I8=n UCt BESh= 21 Q7|9 2BAA JIH HujAzjo|=22
2 HEn HAl|| chal uiE TR} 2ICh "LLVM Cookbook,(HIOIRE Tl X, of0l2&T, 2017)8 Hustkt - §7l0|
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olco0) 2t sy

o] Follxli= GPUA dHAQl =2 8-S thE A%, Numbai= CPU % GPU 3=
ol BN FRBhe To|d FHupdeE AUttt o] A9 A& du|dof Qo=
Thst GPUOA A3gt = Qlct,

nlo) A Hupdy

Numba to]E&EE ZAJ3] 4B 7)o ¢A, CPython Z2 33} Numba Hto]X
ZZ TH0] o|RA HuldE T ASPEl=3] RPo]|H-& Amulof dit, the v IEE Ay
B}

AOT(Ahead Of Time) JiT(Just In Time)
CPython/libpython 7{tt Cython Numba
Shedskin HOPE
Nuitka(Z2 HF) Theano
Pythran Pyjion
Numba
CPython/libpython CHxl Nuitka(O|Z HZ) Pyston
PyPy

4 THO|M Hopa

JITS} AOT el

ol2ig £ F5o| Aupalzi g ARt AgaA] k), o) 7)Fel £ F5el 2}
o3} AA| AGA| AMEE|R] BHA13] v R AL

JITYustinTime ujolale 2bdE stoly F=0] QlEZelE SHS=E A s T2y
o) $58 Foizo) QlEePE Ao oujg=g AASE C, C++ 22 Antd
0]9] A3t A2l FU3Rct Numbat o|2$H JIT AuAHE Agsl=d, ez
B 2HF=E AASFA|TL C Ao s T T 52 R3] oA=&
I A EokE Bolr},
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AOT Aol g7t riagemdsk vouz] AN 2 Hupdso] Ezoz Al
AET GHHOR C, C++, ZETO| A3l 7|@olth. oA =g e =
E7H 48 glon, FAFEs vholy] Z=E Antstal FAlof A#shs Zo] ofd, o]
o] g8 vtojue] F=F A¥she At 8T

Numba Z2A|A
Numba 2418 WA AT, Slolll EQ| 52 ol 7 48 e msel

A= A2 glo

>

2E Fof @jit U|ZAIEIE 2715H Rolth, shAIRt oA A9
™, Numba jo|2ajzje} ojde 9] B5th,

A4 B0z Y ATEYolE Ashs AU Ao]us Sntey Sebert e Nymba
2 a7H 02 Agsl7] 9%t oAl 1A AN S WERT, The-S AR},

1. AR Hxnta HAES A=), Al2g) fp7t dukg 2HFEEA
273l 7|& OS] EHAE goBgals ofct

2. Z2aRlE 28510 HAjut=ol M ASRict 7HE $L 9= 6-olA ThE
cProfile Eo]|t}.

3. FCAolA A3 A|7ho] F T 87 EE LTS FRIFH,

4. 293 3o] @numba. jit 2 @number.vectorize G| ZY|o)E]E L3I}

5. ¥iAuf=E AAPstn 20| & AAR etart ojd HES 4
AR ARE A%,

AR Zhdol] Tt EE-2 hups://www youtube, com/watch?v=eYIPEDnp5C4 S %
ey ek,

oh}ir}

Numba® A|Z517] b4 @48 B4 Afo|E0A ofifEcpments gjz)xje M)
of gk,
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https://www anaconda,com/download/

ohbETH: Mol HlolE] Alo]da HEo] glo] Fasith e&aroln ol U R
o] BE TAFEo] B4k FehE Wrk R Aoje] et REL Mo eolr vl
o}, R 2ot Hlolg| Ao|dElAESo] Ho| ek ojol, B Hlol AEE

g o) gt

oh]Ech= 214 W72 L &4 WjuA 2l CondaS AE3ITH 1000702 HlolE Alo)
AA E3} 97|27} 9oy 22T goprz} ?

713291 Numba Sjo]8l =219 2437
AZ7H) Zokde 2o glo] Numbad ofgA] chER] 7130l e Amgher,
Sfo|# L2 TIgo] olejet $E-2 A gHuA,

A7 stol TIPS ANECH WA ALY T g2 B o) Nk 4
AR5,

def f(x, y):
return x +y

(2,3)

*7]°fl numba®] jit diFH o1& F718laL, that 2ol H=olE o A= AoE )
Al F=E dlZ o)™ T,

from numba import jit
@jit
def f(x, y):

2 XIZREE= OjtZC ZEDES ANZsH MOIWE MR 7|20l HEos 25 SYUSHH, Mo viXo] Cig &
https://conda.io/docs/user—guide/tasks/manage—python. himi#installing—a—different~version—of—python2 ’glo}xh
- g0l
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return x + vy

(2,3)

g 2lolE= sig drt AutdE AL njdich

Andsg 4

ejit HEHlEE YR o Hujslol] ofEA TS ATAYA) Tt 719=
2 AFH} oleiet 4L vio B GILERE Holha 54 Aulds B ALY
2 9t

nopython

Numba+ 27]9] Hu}dd] 2 =71 Q=1 nopythonit} object Z=T), Numba T2 1

e dEHoR I g Fupdstial i LEg A3 3 B0l E7Fs3t o
E A = Qi

nopython B == IHo|X C APIO|| 2] & o2 M2 & 3= I=E A3t &, o|§A

ABAE Ao o w2 So|t},

object EELE 7|[EA 02 A5 SHOA UvHAQl QEZe|ge =2 133} v|gt 2

g sl

@jit(nopython=True)
def func(x, y):
return x + vy

nogil
NumbaoilA} 3=5 nopython BEA]02 FHupAd 4= QIchd nogil S 1S E-83t
o}, 3 <ol 1A GILE H3t = Qe
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o] 2o} of3] Aol B4 A GIL EAIE ThERA Ael o8 Almigi, GILo]
WA} S S 1 9] mool Al Fel AYER o] ARl the 2

2 YRS S B4 9

o c=aE T

@jit(nogil=True)
def func(x, y):
return x + y

cache 4

cache -341& 7518 Numba7} Lrjasomds 7jix] seda 5% §o Aniyd 2
=8 ARsA Bk, &, vt e A ArusE AR geko Anad Best g,

@jit(cache=True)
def func(x, y):
return x + y

parallel SM

parallel S4L W ojojel 5 g40) 2le A5 A 02 Wasely] At et

@jit(nopython=True, parallel=True)
def func(x, y):
return x + y

0 0l2f3t H52 nopython 41} &7 AlRaHo} it
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Numba®] £413

Numba & AMG-3f| £ZE o} A|ARE 153 whi= Numba®] EA1-E &3t Jlojof gt
t}. o FejQlA] 22k Aol I} 7Hsstzl g2, oltA BAVE AZEA 328
Ao|t},

A AT oA AlFshz AAE A#EAL @jit(nopython=True) HlZao|EZ 1}
Shl TE WA of Bt x, y S KL T AR 3 M)

@jit(nopython=True)
def f(x, y):
return x +y

£(2, 3) WEI2 29} 38 OB, Numba 57} SIS B 4= ik, &, We) 220
RS, £(1, (2,))2T sh of® Uo| WYY % Zhe Fert Az thad
Numbad]q Z&o] ¢t ¥l tha} 22 o2z} Liehdrt,

>>> (1, (2,))
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
[...1
File "/home/antoine/numba/numba/typeinfer.py”, line 242, in resolve
raise TypingError(msg, loc=self.loc)
numba. typeinfer.TypingError: Failed at nopython frontend
Undeclared +(int64, (int32 x 1))
File "<stdin>", line 2

CUDA 714 GPUBIMSI Numba

A1272) Numba®] 7|224] $8- ASigH=s], GPUS A183) o 87 Wiesj=x) At
7},
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AMD APUBNIAMQ Numba

Numba H-]Zj_ 0_210]]&‘]—‘5_— 017]% /\]_j_\_%_]] 0}7"]15_]];_(-] HSA, Heterogeneous System Architecture% Z]%]_

3k}, HSAE ol F

283k 7]eolth

3¢ e F7he vigho 2 CPUQt GPUE dhe] dAkakag

g 71eof sl o ¢ Ak https://www.anaconda,com/developer—blog/
programming—amd—apus—numba /& 23R}, st TS| APUS FA ES

dotR7] 8] o 1=

5, NumPyol| 49| A5 thu] APUOIA A= T2 T90] & 4

284 ot

i

NumPy CHH| HSA £& 45 HIS

18,
16|
14
12|
10

© N & o

[
o

S AHER o7]A 7 Z2A|A0 AIUE fe7t S71E

float32
float64

+ 3=} 27K

10°  10° 10’
HiQIo] Ya|DIE T4

10°

A EX: https://www.continuum.io/blog/developer/programming—amd—apus—numba

g dHE g7t AR AR F71drS HSAS

TskEesoR 37Khe B 4 Qv ol HYHOS ALET 15~18x Z71olA ot

€

o) A
E%T

vigO 2 Ad50] 11x uta7tA|
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I Accelerate

optErte] Accelerate 7]21= lMlt]ore] GPUS IEl CPU /52 &3 a5
< WA} A4 £ = o] ofbZThe] of= o g7 X|ct,

e cuBLAS, cuFFT, cuSPARSE, cuRAND, CUDA Sorting Z-2 CUDA glo]Eg]
2lE SRttt

e <Ql€9] Math Kernel Library& A3 NumPy, SciPy, scikit—learn,
NumExproj|A| £=71 348 At 22 71 3ttt

e NumPy2] YE2] UFuncs?] &% 34 ¥F Felc}

° NumPyoﬂ A—] _1'1—}:,\— _¥:_ E] oﬂ %;_]_FFT, Fast Fourier Transformations é‘\_E_g_ 'l:';??_ l‘,}-
ofet etolHejee mRZIX| 2, SEE HlolH HES ol83kaiat RIS

oI rto] Accelerate 4] A1+ https://docs.anaconda com/accelerate/#o]| A &

% 9iet.

I Theano

d 2d 2 Al 2o dis] 4 U, TheanoE AMES|EZ vlgit} Theano:
NumPy®| ndarray Z:& Thhel HidS Aishs o] A3sa & 45e vir, Qi
21 CPUAS] C 2iolg B W) 5718k 452 AR GPUS AMSRiTY,

RQArE
Theano= To|4 2,7 9 lo]A 3 382 3 671X] 2 Ygtct NumPy2} SciPy 3t g
sith, AAIAQ1 oA ok 4] BAE ERlIgEAL

http://deeplearning.net/software/theano/requirements, html
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AlZt6H)|
Theano= W9 A A|ZFE 4= Q1o o] Aol A A vi& 4= U}, gleojE ] g]e] F4]
BEAE £ AAE Algal goli ofiEeAlo)dE 24 4= A $ict,

2
the AAlolA e 7 48 Fska ol& Hdlke A Aelsidrt. 7FdstA|Nt Theano
2olEHE alshe dAHIE e At

from theano import *
import numpy
import theano.tensor as T

T.dscalar('x")
T.dscalar('y')

X +y
function([x,yl,z)
print(f(2,3))

-+ N < X
]

=g Ausiy, oy 5.00] 2o g,

$ python3.6 02_theano.py
5.0

= 93 g
o|A| A7|of F FEE cish= e ATt oA A} A 2 5 FElE
w20, dscalar Al dmatrixS ARESHCL

from theano import *
import numpy
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import theano.tensor as T

x = T.dmatrix('x"')

y = T.dmatrix('y")
Z=X+Yy

f = function([x,y],z)

print(f(\
([2,3],04,511,\
[[2,3],04,5]11\
))

T2 A5 Theano7t AR T FYS ofdt 2L 2 4 Atk 1 5 Eao
ohEt 2ol 9=t
$ python3.6 03_matrices.py

[[ 4. 6.]
[ 8. l18.}}

ookt A2k
Theano Zto|Bjg]ol= FH L3t vl HQI TensorTypeo] 3tk o]Ho] dmatrixe}
dscalar HIAEE chRl=t, T 4k okt g-40] Q. oA Aty o2 gy Al&
A2 B85t ot B AR AA| eAE ohE 92E FEsAL

http://deeplearning, net/software/theano/library/tensor/basic. html#all—fully—

typed—constructors

GPUMAM Theano Argat)l

Theanot At REZE AUAHEeIA delnat tixjelsics, M4 2= W) o
1 hEgole] A5 o183 Zuiet =g AAslA S,
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A GPUZ Ag3) Z2IUL SIS 2700 vlAEE A Aultiol 2)e
7129} OpenCL Huto| A8 B-4aA) 8k, Uri| duciol Tam sh=nt x|t

GPUE AME37| fialiAls thadat 2ol CUDAES tuleolA S3a= AA43iet
$ THEANO_FLAGS='device=cuda' python3.6 04_gpu.py

tjalof| o] B2 ou]e] device=gpuE A& 7Hs3lct,

$ THEANO_FLAGS='device=gpu’ python3.6 04_gpu.py

A=

Theano £419A4 A|&3ke AAIE 83l GPUE /302 B8 7HsTA] AdmEat

from theano import function, config, shared, tensor
import numpy
import time

vien = 10 * 30 * 768 # 10 x 2 x ZOY AC
iters = 1000

rng = numpy.random.RandomState(22)

>
1]

shared(numpy.asarray(rng.rand(vlen), config.floatX))

f = function([], tensor.exp(x))
print(f.maker.fgraph.toposort())
t0 = time.time()
for 1 in range(iters):
r="()
tl = time.time()
print("Looping %d times took %f seconds" % (iters, t1 - t0))
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print("Result is %s" % (r,))

if numpy.any([isinstance(x.op, tensor.Elemwise) and
{'Gpu' not in type(x.op).__name__)
for x in f.maker.fgraph.toposort()]):
print('Used the cpu')
else:
print('Used the gpu')

=g At thaa} Zo] Eao) ZeEr)

$ python3.6 04_gpu.py

[Elemwise{exp,no_inplace}(<TensorType(float64, vector)>)]

Looping 1000 times took 2.136130 seconds

Result is [ 1.23178032 1.61879341 1.52278065 ..., 2.20771815 2.29967753
1.62323285]

Used the cpu

GPUZ} ol CPUE ARZ3] £33t} THEANO FLAGS=device=cuda®Z A3 GPUES
285h cheat go] et

THEANO_FLAGS=device=cuda0 python3.6 04_gpu.py

Mapped name None to device cuda0: GeForce GTX 680 (cuDNN version 5004)
[GpuElemwise{exp,no_inplace}(<GpuArrayType<None>(float64, (False,))>),
HostFromGpu(gpuarray ) (GpuElemwise{exp,no_inplace}.0)]

Looping 1000 times took 1.202734 seconds

Result is [ 1.23178032 1.61879341 1.52278065 ..., 2.20771815 2.29967753
1.62323285]

Used the gpu

CPUS}GPU 25 BAH o2 2ejge ¥ 4 9o,
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QE| GPU #2511

Al2glel 2749) s e Fhert A ok, WEAOR HY GPUS BF B
8% theano ol ueelS AbgalE 4 ok s elolRelold 4FHS FLoly
23 2} e 4 e Folsha,

http://deeplearning.net/software/theano/tutorial/using_multi_gpu.html

Ae|AE 9 Bojs}]

We) GPU 283 B3l s tlutol 28 il 2o Aaskch oleid e o
3 Tufol AR FARON, AYAE o]BL >0} cudad ZE ThufolA o]go2 74
ik

$ THEANO_FLAGS="contexts=dev0->cuda0;devl->cudal" python -c 'import theano’
Mapped name dev0 to device cuda®: GeForce GTX TITAN X
Mapped name devl to device cudal: GeForce GTX TITAN X

rad a2 oA

import numpy
import theano

v01 = theano.shared(numpy.random.random( {1024, 1024)).astype('float32'),
target="dev0@")
v02 = theano.shared(numpy.random.random( (1024, 1024)).astype( 'float32'),

target="dev0"')
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vll = theano.shared(numpy.random.random( (1024, 1024)).astype('float32'),
target="'devl')
v12 = theano.shared(numpy.random.random( (1624, 1024)).astype('float32'),

target="'devl')

f = theano.function({], [theano.tensor.dot(v0l, v02},
theano.tensor.dot(vl1l, v12}])

f()

2749} tiufo] o] At AYHoR £wrt ZrKHe B 4 olek ofg sHo] e
% 727} glchel We] HEAEES o) sbe] tlutol o)A Aasnal,

the FEE AMgEE Hr

THEANO_FLAGS="contexts=dev0->cuda0;devl->cuda0" python myApp.py

1 PyOpenCL

7Htg_fg] ;‘5]%_%] Odo']()penCL' Open Computing Language_L.C CUDA 7]1?_]_.9‘] GPUo“A-] %3‘]-5].\1‘_—;_ o]7]
3 ZFpegheterogeneous computing. 2.0 ] ApIo|Tt, PyOpenCL-2 CPU, GPU, DSP,
FPGA 22 Tl ZE-S 883 spolil ojZeiAlo] 42 AH4aA| 5K APL 7 o
2=

PyOpenCL 2loje2{a] ZA| BME Ciee &nsix;’

https://documen tician.de/pyopencl/

3 SYUstH| oltECtol M MXIBHA AFBSiELC) - §710]

368



I

T4 2A2) oS PAI] AT EAY, olFo] B Lobd 4 gl $& ofAlol] Amsa,
A NumPy, PyOpenCL& np, cli2 $2{9} W $jo] $ix14)7Ich, ThE.0.2 numpy.
float32 BQIQ) 5 RA9) 48 A 02 Tetnle £2 glo] PyOpenCL &
279 o] AYAES AT o] Sk T2 agle] AYE: ZUE U tufels
£ Mg w7 Al gk

AelAES Qs AR A4 DUAES Hohe Puo] 78 AR,

g AuAEd ¥l tulol EX€T OpencL A4 Bejel wloluialg ok

Program 44| 7 2J3tt.

from __future__ import absolute_import, print_function
import numpy as np
import pyopencl as cl

a_np
b_np

np.random.rand(50000).astype(np.float32)
np.random.rand({50000).astype(np.float32)

ctx = cl.create some_context()
queue = cl.CommandQueue(ctx)
mf = cl.mem_flags

a_g = cl.Buffer(ctx, mf.READ_ONLY | mf.COPY_HOST_PTR, hostbuf=a_np)
b_g = cl.Buffer(ctx, mf.READ_ONLY | mf.COPY_HOST_PTR, hostbuf=b_np)
prg = cl.Program(ctx, """

__kernel void sum(
__global const float *a_g, __global const float *b_g, __global float
*xres_g)
{
int gid = get_global_id(0);
res_glgid] = a_glgid] + b_glgid];
}
"ty build()
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res_g = cl.Buffer(ctx, mf.WRITE_ONLY, a_np.nbytes)
prg.sum{queue, a_np.shape, None, a_g, b_g, res_g)

res_np = np.empty_like(a_np)
cl.enqueue_copy(queue, res_np, res_g)

# Numpy2 CPU &OI5t7|
print(res_np - (a_np + b_np})
print(np.linalg.norm(res_np - (a_np + b_np)))

29
) mE mzo] B3t Tejulo|A AW WA ofd ShBolN TEE AWX| B,
Nh 2 sk Zepzo) ofw tiutolAdA AREAE B

$ python3.6 06_example.py

Choose platform:

[0] <pyopencl.Platform 'Apple’' at O0x7fff0000>

Choice [0]:0

Choose device(s):

[0] <pyopencl.Device 'Intel(R) Core(TM) 15-4288U CPU @ 2.60GHz' on 'Apple’
at oxffffffff>

[1] <pyopencl.Device 'Iris' on 'Apple' at 0x1024500>

Choice, comma-separated [0]:1

Set the environment variable PYOPENCL_CTX='0:1' to avoid being asked again.
[0.0.0. ...,0.0.0.]}

0.0

370



1 Qo

AF7HA AT ES WA} GPUZ SO, TelT o §A LutEel Aol
8T 4 UeA A, Hole AoldlElA=rt AutE o2 Mushs BAI% GPU
2o efolu el B3 SHASH: FuE Uolsieh

theos ond Teie X AN 45 P4 4+ Yk Po|nelE avhur |
olE] A AEIAEL} T Hte] AlE-E $ia GPUS} APU 7|4t shBelol4dg ol
ApAsReR] Azttt

o] H9| thx|ut AoAE X7 THE olF 714E HholH T Fat RES ack)
gofect,
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npRje} Ao o] oA thEA] 23 Zo|B2E AEn AT Asks BolE
2|2 & o ASo] gol US =AW, o] Ho] SAELS s 127388 Tofsizitt.

anzog gojuzEier T2 Y g sollel B-83lax} wtol & IS 7t
SEHA A et Skl =&o] 2 Rt oy AR ARt

1 HHAM CHEX X8t ctolEeidd

o] g MUY YA chpet ol ajzE Fotr 1 AT, SXIT A 2 Aol 2
W3 aol = aelat 2745
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WA A1G TH5T B ol RS B B RS A5 2k o] ekt sold
2 BHG 2TEYo] 3 AN T 4 Yt ol A2E Bt U= Fasittn
2},

GPU
GPUE o] oA 248 b2 £3 74| F sttt ofE2Alold 452 #0171 A
3 GPUE 83k RS TRt o W8-S dokeat

PyGPU

PyGPUE A#HZ} PyGPUL= olu]x] T2 Ao E31F elojHegloln 7]g} glo]r
A} IR R B £2F A3 29- #'E GPU APIE UHE < A $itt,
1A =, olgldolE], BJAE 9 GPU ¢1E|E FAol E3tE Fejo} To] mo|x
o) EAZ YL Qe gt = dofct,

0 PyGPUO| &5t 34 M= L1238 EXsIXRL
http://fileadmin.cs.lth.se/cs/Personal/Calle_Lejdfors/pygpu/

OIME 718kt 2|HE 2H0jH e

o[ E 7|gkat e|HE 2 7 g ojHol ANA vt o2 EAE F= 3
AR Y& AjF38kaL, asyncio®} RxPYE ARS3| A E Z2AEE A3t 1 9
= 7o F&et = = olBy g7} oy RIS HA}
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Tornado
Tornado= Tol¥ ¢ Z|Ug=olm 57| YEY etoluelett, ot =827
WEYD 1/OE B3 £ Y WEYD AFL BT 4 3ok

o Tornado0i] st 24! 2Me CHEE &ESIRL

http://www.tornadoweb.org/en/stable/

RESTful APIE vlglo 2 7IdsHA ‘Hello World'& £38]6t= =8 A& B}

import tornado.ioloop
import tornado.web

class MainHandler(tornado.web.RequestHandler):
def get(self):
self.write("Hello, world")

def make_app():
return tornado.web.Application(|
(r"/", MainHandler), ])
if __name__ == "__main__
app = make_app()
app.listen(8888)
tornado.ioloop.I0Loop.current().start()

Flask
Flask= Tornado$} Z-2 ek, 3% o 2R Ze| YTt ZHYHZE J5hL
Agst7|7E o 431, oA ERte 2 & Tornado$} FUE 2 & 4= U

o A = F3f Flask ofZ2|A01dE 23 AL
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from flask import Flask
app = Flask(__name__)

@app.route("/")
def hello():
return "Hello World!"

0 Flaskoll 25t 24| EM= OIS AXsIXL
http://flask.pocoo.org/

Celery

Celery’= Bt wA1%] sl 7uko 2 3 v)57] 21 & 7/ He)2) Folm, Tornado
9 Flask 22 ¢ =29t DHT BRio] QUct. AT w& "AQl AT E o
A2lo] B3kt dlololg 27kshe BEH 714 FAo] Wasi

ol=3t WX A] B2 = vlo]a g Au]|A 7H 4l 7Hs A 3k 7 FH7ITh 714 Al
2% 2 iR Aol AN IR Basichd 3u ARE AwEg,

Celery= #7) 47}8] H2o} 8w}

e RabbitMQ
e Redis
® Amazon SQS

e Zookeeper(Z3 23 F)

0 Celey Z2HEQ 25t 4| 2M= LSS ZXSIAL
http://www.celeryproject.org/
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GIOIE! AIDIZIA

U tigtel] E0i7t F diofE Atoldxof & 7H=d, 53] dlold ANt 3= 2
2 A2ElofA] ogA 22 AE EE3N=A] s F W old FEE SREE Fol
o, 2 3hd dopEal,

Pandas

Pandas= HiHFE 0|8 £4] Z2AEj0) AGE= 1/4ds 2Z42 SolHe Y, b
olf A1} B ke FH|of 23] SHRA ok, ¥t oz R Z2TY Aojzt
£ 4 e FES OE

giole] Alo]AEJAE A glof Pandast H|olE Ato]AA ZQfo]] =g-& F= oIt
Pandas®] §4] £A= thdS A=Ak

http://pandas, pydata org/

Matplotlib
Matplotlibs 43117} SH= HlolE|S $& 4:29] 2D A|Zisl Mg}, Saivt 1
Pz 2Ase ol ofeleg floisol AR BAlo] WFsHA Tk,

0 Matplotlibof] &5t 4] M= 128 H=5IAL
https://matplotlib.org/

TensorFlow

TensorFlow= Hlojg] 22 12 E A3 £33 ALRE 35t QEAA TolBE
ek, loje] B9 Tam0R b Foworeh oja) Al kel Hloje] SjEe Ut
HeH(Ae]| 2o} tshir H.2oiBrewer )
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ZREH 22 TensorFlows= HEE3} A% o83 B8 Al F4J3ke T U9
ey, 99 20153 11¢¥ 72004 LESLE AR, ol 433l 72 EAPL 9
A% Az|Z ol uhed RolA AHHLE A

0 TensorFlowE O AtMls| 2ot HCHH, O @32 "AlS| 710|1=5 AHEZ dfet
C}. https://www.tensorflow.org/get_started/get_started

1 AAH CIXi2tat)l

A7) o] Mol Take EAlo] H3ke AHASE Awiict o] HelAk QA ofF
A 7} d e AR AT Pokct,

sixlgk WRAIRY B, B2 BAL itk 9 Aol 2Hg3He A1yl ThE BEo)
A3 2 ik 719 ALEE PRSI, ZES 4] Aol HsE & e
AT} A7E SRR,

ofE BA chule] ofs] £540] Wasith ALEgo] ol |HNE Be AR} k=
go| WA ool B, p4sasiA|e £elo] digo] uhd Holct,

QA
stlel GH AP Mg TRAES Y BEo] WA A BoL b 2o
FEok AR e vlge sy Rie) ot uledich, TRAESL AelgoletH 4
A B2 4 Ou, Be A tWOE Arhel ofd] 274 Bojok 3,

ogt

LTS BOL Yt £ 74 F57H Gle. B4 A7 U HleY a7ARR)
U, B o ATARGE 383 olsheha ARt AZRE Awlsjo} g
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ofley, 4 A Aot £& WolSol Z2A=E AzRA, of AlaHolE The
3} 2L 49 a7l Wasit,
o szmbc 4] 7AE SISk 4] Aot Ylow st
o FA] AR} FAK AR 4 glojof Bk,
o EHARME WU BE A2E AvE 4 Qlojof ek,

H|Ery 2 AR
H|EEE QAR A|Ado] ARA AT of tigt QAlgto|ct,
olo] olo}H Al2le] Mgy RT ARG AlmiRAl
o AT FAL ALY AR FAI3E7] 1%t A5l Pasict
o AAH AHE thE = Slofof gt} o= Q3 FAF A A= xpEe] 9o
¢t Hr}, hups://dougseven . com/2014/04/17 /knightmare—a—devops—
cautionary—tale/& 22314},
o I AR A el o s RE 5ul 2 A3 4= Qlojof gt
o EXN3L 71P8 AAFS] He HEE= ol RNt ol A== EA S| oF St

LXK
TrE Qe viES AT a7AR0] EeH, £ZEgo] F2E YRR,

3AF £F4 dARIT B ofE Ao YL 7FsTA| ArSEA U F-folle 223
EE AAL7] Aol of2] glojEeie /dS /dSgrrsta ol A8t

371K A BE Bolis AT Exjo] s ShEl AES Folof Btk AE
Aol S, 8 ol slolnejels AMgSla YUrhy, ALSES AgsteA H2
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sfok ek, SAIE o HelA] AT i eo|Hafelis shol ot AL of
2 2A7} gloy A% U,

B2t QA
ARoly 2dEeh ZRAIAS AH8Y tfe] Aol 1/0 ) U CPU BHAS A
sk, shA)ek chart Aol ofd Soluaizig ALY} Fasitt

B33 Qto] Wagh ofZ 2ol oM Tt e Soluaiet BEE AT

o YHISAY BE: v 32 flole] NES wWhE ditol "asith A3}
7] ol EE|Z 242 ARG Qlo] Aldo] HEEH=A] EIRitt.

® PyCUDA ¥ Theano 2}o|H2]E]: tit= HjoJg| A|ES] whE Filef Bast
o}, F2 HjgojEjo A ARSE,

o o= ojE Aol
s ofeiAloldo] AkgAt g 9 Zafum o2 A4E olMES sk, o
& 2o| 82§ ARgs AL

® Asyncio: YHHZ|Ql o[HIE 7|9l 2 7o) A3}t

o Twisted: YES]F] o[HIE 7|9k XA Mu)o]] A5}t
o RxPY: glolH 7[¥t o[IES TheL o] B,

o= 1/O o &A1
3 ofEe Aol Aol thge 1/0 7|8t A3 E A$ichd, ARkl 289 BE,
concurrent. futures 252 -3 H}

AN

e threading ZEGARE AHE)

e concurrent.futures BE(7A9 ThreadPoolExecutorollA] AtmE)
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concurrent.futures B&5& AMSHE BRSN=H|, F API7E E|AH EE AMS3h=
o] glo] B3RS SoFHA| o|e ZEA Eof HF3}7] uj2oltt,

CIR2La} 2redsl =

o] ol TheFRt ol BlolHB2E THRAIRL, £ SolBE A, oftiA AMg-
2] ZAA3] uie-R F3 AZEHO] HAR] BOFE ol A tHE $2 HEol EA
AlEoll Bol vt slok. o714 W7k 7 S Be A 5 3 aofdich

Software Architecture with Python
TSoftware Architecture with Python fAnand Balachandran %, Packt, 2017)-& S3bALA
YE|2 Cofel 0% FAIE T Holo), o] MM BEE ge thet Pt

o 7o) 4T FIEA £ T AYEY]

¢ HXAE o|Y

LI - o\ i o g AR e

o ol i<l el

1 Slellw 2EEQo] okt Bt Y2 R S-S ThEc

Python: Master the Art of Design Patterns

fPython: Master the Art of Design Patterns,(Phillips |, Packt, 2017)}= Z4A|X]|&F T}o|
A =23y} Az Qo] AlAge)] HEE= teFet A HfE 5o FAE tFL
Ut

AZEYo] TR AYHHQ] HES o9 F& Moju], o] o] w3 tixkel )
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gto|z= 259

E7Z 88,238
FALHALE 314
FA 202, 209, 290
Z2M~ 38
Z2MA AEXt 88
Z2EE 297
z=my 190

Accelerate 362
acquire() 130
add_done_callback 210
agile 173

Anaconda 356

AOT Zutela 356
as_completed 216
asyncio 105, 278

barrier 136
benchmarking 183

‘

callback 41, 218
CheckableQueue 166
concurrency 34
concurrent.futures 209
condition 126
context switch 67
cProfile 190

CPU M|t 2H 66
Crawler 164
CSP(Communicating Sequential Processes) 271
CUDA 348, 365, 368

daemon process 239
daemon thread 89
decorator 141
deque 156

encapsulating 86
Event 42
event—driven programming 41

executor 207

l

FIFO(first in first out) 145
forking 88, 238
forkserver 239

future 202
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garbage collector 85

gevent 306

GlL(global interpreter lock) 37, 41, 49, 236
greenlet 307

110 28 63
IPC(inter-process communication) 39, 41

I

JIT Zaojeda] 355
join HIAE 118
Just-In-Time #Ot2{ 355

{

kerprof 194

I

lambda function 318
LIFO(last in first out) 147
line_profiler 193

list 144

LLVM 354

lock 119

Manager 263

Martelli's Model of Scalability 68
memory_profiler 196
merge_all() 331

MIMD 75

Moore's law 68

multicasting 326
multiprocessing.connection 266
multiprocess.Pool 249

namespace 263
NUMA(Non-Uniform Memory Access) 77
Numba 353

OpenCL 48

parallelism 65

Pdb 178

PID(Process IDentifier) 88, 241
POSIX 28|= 85
PriorityQueue 150
ProcessPoolExecutor 212, 222
profiling 190

Publisher 222 126

push mechanism 314
PyCSP 272

PyCUDA 48, 349
PyFunctional 335

PyOpenCL 348

PyUnit 174

queue 145,153, 167

race condition 36, 114

release() 130

RxPY(Reactive Extensions for Python} 44, 313
R2t 122,125

i

semaphores 129
SIMD(single instruction stream, multiple data
streams) 73
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SISD 72

SMP(Symmetric Shared-Memory
Multiprocessors) 76

spawn 238

sglite3 339

Subscribe 2l 127

sys 182

task scheduler 69

test-driven 7H& 176

Theano 362

thread 35

ThreadPoolExecutor 202, 212, 214, 216
thread-safe 140

time 185

timeit 184

Twisted 304

386

UMA(Uniform Memory Access) 76
unit test 174
unittest 174

VAO(Vertex Array Object) 74
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