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REREORHE

2 (HMALIT) HTARBERE
T T [ T
RAM DDR3-1600 RAM DDR3-1600
PCI-E 3.0
PCI-E 3.0
DisplayPort 1.3
DisplayPort 1.3
HDMI 2.0
HDMI 2.0 SATA 3.2
SATA 3.2 s "
0 5000 10000 15000
MB/s MB/s MB/s MB/s
R
[
USB 3.1 USB 3.1
eSATA eSATA
. . Gigabit Ethernet
Gigabit Ethernet .
Typical HDD
Typical HDD WiFi 802.11n
WiFi 802.11n Use 2.0 : :
0 500 1000 1500
use 2.0 MB/s MB/s MB/s MB/s
ERR
LTE 4G LTE 4G
Cable Modem Cable Modem
HSPA+ 3.5G HSPA+ 3.5G
EV-DO 3G EV-DO 3G
1 10 100 1 10 0 10 20 30
MB/s GB/s MB/s MB/s MB/s MB/s

s#&: http://en.wikipedia.org/wiki/List_of _device_bit_rates

1-3 SBHENREOVEBEE (BF %S Leadbuffalo)

1.2 HEFHTRAEARE—E

(UCRRART ALY FE AL AR 20 7 A8 /2 AP s VE BE A AR Y 1) 8L, T A X S 4L Y T
GRS G IR IRE . ARBERFOT S — LA, iR BEAR ) AR T7 56 A
J Python A SEELEAT,

Gl ARBOTRER LRI NG E—— R B BHL-P-ATIER] Python HANE A ok

PEREMIEE, XARER, REAMS, B, EAXE “miEETaEs" +,
MBI T —AEXREERER: FEE, A Python FEVERE LB RE S BY




T A R 73 5h, FATSAEA A oo A RS BER AT I DBk B 2] Y
MR, X RS AR, FRATHLRETERE T & Python YRI5 ER R Z TERESRIFR

I8 EARELFN Python BE 4L
BT E AR AR R E R, LRI — BT T UM TR i B FU R
il

import math
def check prime (number) :
sqrt number = math.sqgrt (number)
number float = float (number)
for i in xrange (2, int(sqrt number)+1):
if (number float / 1i).is integer():
return False
return True

print "check prime (10000000)
print "check prime (10000019)

", check prime(10000000) # False
", check prime(10000019) # True

IEFAT AR BT AR R AL B USRS EE Python 127X BUU N 2 R A 2E T
fta, BT RAMSEAER, FATRF 2R 2 BRI AYLLAL Python 2174075
KHYATT . A, X —MEMR R M BRI ZR ) . B RA T i Al
1 VA S AR AA] 5 0 (5 ) S S 2 PSR i ke ) L, R B A A B AR 0 T DA S SR B fE
Python H k4 T A4, FATHIEELL B CRY Python RS — B4R A

1. ERITEER

FEARSHIIFSK, FATHF number AMERTFT RAM i, S 715 sqrt_number
number_float, FMATHERZMEL A CPU, FEHMBEI T, RMAFTEL—K,
ERARAEAE CPU Y L1/L2 ZE A7, S5 CPU KBTI R 4551 1% 11l RAM
A7, X2 —NREREDL, FAFATL A RAM A 3EH number HY(E AR EUR D,
M AR Z B9 LU/L2 SAT B0 e VRS . 380, FA T34 1 i 1 e A4 5l A U 8K
&P, AERB GRS (B CPU MIXRETF) BBz, FEBRRFFE
s Z T R B DREX — I F TR U R R, Frif “UITESE rAR
SRR SRR TS AL TR, TR B A 7 Y

ERIEIIEARIR Y, HH—RKINKF 1 A CPU, FATHEAE — K gif number_float
MZA~ 1 WER A CPU #EATH A, XZATRERY, B CPU HYREBAEAT ZH
SIS TRACAY , B E BT A — R AT 2SS, B PAIRAT A B
number_float f& A CPU A7, VARFEZAFHUS FIEOL T AR TIREZHY 1 1Y
{H, X F48—% number_float/i, FATLKHIATERIAT B IR LS R AL,
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RIGEE—ME SRR AL DRI, R, WREEHR, W
R, HAVRET—HITE, X, T2 1 A9E, AT TFEERE -
AN WSS ZOR I BT A BB, XA T CPU BREATHREMRR S, BB HAE—1
PRI A— 26 15 4R T 21 R

X — REBRAEAES AT AR T O R 3Rk .

import math
def check prime (number) :
sgrt_number = math.sqrt (number)
number float = float (number)
numbers = range (2, int(sgrt number)+1)
for i in xrange (0, len(numbers), 5):
# the following line is not valid Python code
result = (number float / numbers[i: (i+5)]).1is_integer ()
if any(result):
return False
return True

XL, FRATERR P — U 5 A4 L A(EIEATIRIAA R AG A . HyOE it KRR,
CPU U —4 B2 MR AT AU AR A L dEAT A7 #AE, BT,
any (result) #IERRKAT CPU WERIM AR 2 B RAM, FATRAES 6
IS Z KX T RERERANT, B E BRI TAEARAEA AN 0T A FI TR
UK

2. Python EfI#1

Python f#REAS N 1B RIZ M 2IRYTTROTRM T RS 1A, SXILgRE N R IC0% 1&
WA B BE AT A AL E N A AR AT 2R 07 AP A CPU, X2
Python (J—MIL%, IEARBESSEHAEFIRAYSEIL L, R EA—DERATEREHT .

HAERANZ R RS Python Z.0azfT T—HARE AR L E MY E5HZ1E Python
PATERA IR T PAT EA TR A ERE . Hean ™51, AT AR, B
MEVEERAE O (n) Iz ATHE], search fast &2l search_slow ft, FNELR
B IR TPEES, Bl TR BRI,
def search fast (haystack, needle):
for item in haystack:
if item == needle:

return True
return False

def search slow(haystack, needle):
return value = False




for item in haystack:
if item == needle:
return value = True
return return value

A AL P R 0 B 2 AR A 1 18 e DX S DA % 3 4B A A SRR L S 2 5 X L T
HORVEFBIBR TAT, A RS2 —FERY , (BT R AL R BR A R BRI T

i Python FEAAMLMGZHIH ML — 2 RERELRAZRERE N T, FA1&H&
AR R R S AR I 1 A8 —MELT AN 2R 2 Ul Dy 21 A — S R B R AR T3k
TR LAE I R BRI H AR L) Python TS, FAFATAREEH— IR E
Br— PR, numpy BORERYSNESE AT DATE 1 30 % e R R AR O 2CRE B A
PR RIX A )

34, Python G SN TAEAM T EA T —RITRRAF L1/L2 ZA7 Al AR Y
flitk. XAMZIEH, HILR2 Python XML AFR N HRIMAHITNE, X2HH
Python @ — MR IUEETE T ——WF 2B H S BOFTE TR PR, XS T8N
TFREF ) CPU ZA7 Bt . 7551, BATH AL &K B Mdn 4h
WAENTF R R R, XERE B L — R Em ] R A& — IO BRI A+
KAFE, BIFEXLE(E BT R AT,

AN MBI, ARYEZ Python HYBIASEA AL Python FAZ2—T 141 MERY
E. RZ C BFITAE CAEZHFIT AP RORE], Hikds B IIREE,
G IFFS AR, kg nT DAMBUAR 2 O SR U RN A7 AT )R DA Kk CPU
IBATHLESR SRR T, SR1M, Python HAVR —FgmidtEiiE s . EMNE, €
I EA S, EREEMAIR LA BRIVl SRS ROMMELASEEL, oA
HITREA W] REFEISATIN B . A RZ I IR AT A X — I, Horh fje R B — A
TriEe i Cython, ‘B ASF Python URBUEATHIEH LVFRI 7 “SR/R” 4WiFas
REATAHZ “ZhE7,

A, ZHRBIR GIL 2T RIERITERE. Han, BRRFEATHE AR
ZA> CPU by, B MZOIE— 8y, BUETEEZ 2 3 sareN, S0 a A
Xt B SR BRI T, eI U AT A AT B, X R
U7, BARIRATR L TR LA RE TT , (52 B G T 168 A% L A 58
BMZOFEA TR ELIEER T (B0, RETAE M DML, B0 AFRE
PHT sqreN/M KKG#E ) . BRI, BT GIL, —WAUE — %00l AR, Xk
HRATLR AARFHATRY I ATk B RS, i LR A RESR A P k. FATTml DARE 22
P (multiprocessing #ibk) MIARZ LA, B M Cython siAMReR %k
HBESIX A
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Python HAEERRN T A EF—HF K& SRR IA0ATA] ATEAR ST
[ A FIR L, 152 Python FEALE T HAES MW EH) LA, f Python F] AR S
HEMARS., i, scikit-learn ¥lg§=#> 2456025 T LIBLINEAR Fil LIBSVM
(MEBEACIBEEEM), numpy FENELE T BLAS PAKHAB C # Fortran 1555
FIEE, DG, IERRHZ F X B A Python ARG AR SE ] AYESRFE_FACEI IR C 1835,
Python #2°0 “WEHM”, FAENETRZEEBRENE, WHE:

unicode f{] bytes
HEZONE,
array

JEUR ST B e RO AL

math
BB AR, OFE— R R SR,
sqglitel

LS T IRATRIET SO SQL 5% SQLite3,
collections
ZRG, BIERUEBS, THEER RIS
BT REGEFOE, A RRRIMNRE, OF.
numpy
—> Python B(F P (KRR RMEAE),
scipy
KEWENRAENES, BHEAY T ZEEN C # Fortran FE,
pandas

— R AT KT RIE S MAHEHE R Excel 4%, 2T scipy Ml numpy,




scikit-learn

IEFERE B BOARI LR 2 > B, BT scipy,

biopython

—MEYME RS, RLIT bioperl,

tornado

— MR T H R AL

RS EILE R
AT REEAS A B S E S, f25E Redis, MongoDB, HDF5 PAK SQL,
W T R HEGE
AT AR e ERE RS, W django, pyramid, flask fl tornado,

OpenCv

PR IR IUES

Bk API BB

FH TR ) 4 FhE 82 10 web API 1l Google, Twitter A1 Linkedln,

N TN A RSB, A KR R BB shell, HL3F

PRIE R AT

Enthought /A &) EPD Fl Canopy, —~3E# K2 HLAET HUFF5R,
Continuum A ] #Y Anaconda, —/MFEERIZEITRIAE,

Sage, —MEMIT Matlab FIFFSE, WIE—MERIF AL (IDE),
Python(x,y).

Python, —N"IZHRAZMIF N R Python H.3 shell,

IPython Notebook, —~E:F-I W #%#Y IPython Fildi, ™ iZ M THEFEMER,

BPython, % —> Python H.3fj shell,

RS M AE Python
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Python HY—RHIET ER ARELHE — M EBRRE, B TAA7ER R
FelE, ERRERESMEE —DERRE AT, WPA S — 588 nl fE 2 fk f Al
T SR

WAL (OB, 8 numpy, RIS LA,
Rid scikit-learn, WURARTEIEBRAIHAESME, P4 pandas @ —MFikHE,

SRR, FATA B f R B SRR, Oy TR RATR R GRS B R T AT Y
ACMKIIRE A& SR EFA A N ARG T2 7 HEESR BRI A
71, BGLER AR R EEZ APERE, (EUX AT RE T EUR GEIE 55 #Y W] 43P 1 LA S ME DA
BRI R & S BOEA T A2 AED

Cython Fi@&— MBI+ (7.6 17), EXF Python RIDERERIZEML CIBEFRIHRA, Hik%
WIERI RIS AT AR —A C daiFdndnit. BEFEEE B3R A (FEXT A1)
%1k EERAE CIEF HHEIE),, HEZABIAr At B, UHZ, WA
BT REEEME , PR A DA D1 TR LA — o AR R AR T R BRAR AR L T REER T
M %8JF Python FEAIHLAIITE




FEoE

i 1T 1 BE 2 4T 4% B 53

AR EREHEMS 12 T 5 5

o UNfATHRENUHE R BN RAM Y32
o W4T CPU FHNFAE FI 1% 502

o FRBIZAMTEMTATHE?

o WM — I RIEE TR R AR ?

e 1t CPython AT F A4 747

o UNRITEEREPE REAY [F] I B PR D BE RO IE A ?

PEREZMATHE B FATHR RS, LEFRATLETEREFI U0 Ty T ) F2f Tt . VERETR L B3
TEREJE F EORBIFETT LA BER R o5, g i VR AU BE A RS R A bl
PAKe “JEUSIE”, PERESMHTRESS LEAR B/ NI AR AN S A5 S A R E

FEART AT AT B B BT W] AR AT OANEUZ CPUL) o FRATTHEARFRF 08T CPU Y
[IFN AR fT o AR L] AR RIAE A S T W 4615 SE AN AL 17O

MR — AR RRE S A T KEZ RAM, IBAR—E A BIA R IE,
IR, ARse ARl AR PERE AT, B IEARIA N AT A It ——(H 2D, IR
RAWRE “BIET” MR IWEKESEIRIER, FARCRIBIAZ etk
Aeartfr, M —AME, AR BRI AR S

NA IHE A . JedE AT PR RE 0 T A BE 8 TV € (0 75 XA DR I3
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SR VR AT LA /N BB R A AR TS EE RO PR RE SR T A SRR [ P R A L4
BEATIRAL, AB2RRA ATRER AT THEZ RIS Ty, ANz 8 =R BT PR

PrEgisit.

2.1 S oriEee

PEREZM AT RO B AR R Z 0 R G AT IOk B L RS (Bd K% RAM,
N FECRZ WAL VO B % 1/0), YERE T — RS SEBIMITERETTH (— g
10 2] 100 %) , (BRI EIRIY SR RRRRAE E LRI S h— 21T, FrPA
FELAIEC 1 B4y 75 2R VR 7 ZE IR AR 0 2R GE AL oK o X NI il 2 42
T —&H R,

REEN G — AR ARELFE IPython f)Stimeit BEYEKE, time.time (),
PAB—NTEHE Mg . ARAT DA A X S8 ARk T B R F R BT

RIGFNT25>] cProfile (2.6 %), HiFARAN A6 XA P T Ak T
WIRLE R BRI Fi 1 o DR LEAR UG TE i AR BRI 1)L, (VR RERSIF R 1 e rp 1) ¢
AL,

BTk, AT4%F Line profiler (2.8741), kA TE AU URER: iR it
FTATAMT . H8 SR B R TR PR P Y SO e R B MO ] T 53 L 504 B
LR STE R LS DA 14

AT line_profiler 458, A T EBMGEERMAHER (B 7%F).

TE55 6 % (D1 6-8), IRKPEEIMATEE pert stat 4ok TRMLMITT CPU
0484 HIAVEOA R CPU BAERIFITI . Sl UR AR e — S AR, 5%
TG AR %K BB IABIF

line_profiler ZJ5, FA1&#H/R heapy (2.10 47), B H LABES Python AT H
P A B0 R ——200 11 KA B A el A o SRR R GE TR 2 fr iz
11, afReRt dowser (2.1177) BONHR, BibVREEWEL—A> Web M bads i
A NMRFELE TR UERE AP A SE R 52

N TR T AT 2R RAM (5 R, A1 & 453 VR{E7R memory_profiler
(2.9717) ., ERELARIFIERER RAM BTG DLREI TR 9S4, SARRPRAE T AT R
R TR AT AR B A T LT S 2 /) RAM,




-
Iy

FRAAR AT 2 7 B AT R AE, ARL AR R 0 £ UK E A
fRegRAL, FAMIKAER B IRE LB EGBIRIF LR ERT EI,
B AP K

B RE GARG) FOE AT L BAT R AT. 1RE B4R R R TR
A RARAT B

wJa, BATESGEAR T4 CPython ) Python 455 (2.12 37),, IXAEARELAENS T
FRAEH BT N A T4, BHASRE, THEETHAY Python HEIMLINMZFTRHE
BRI 0 A A A SRR S 2 BOAT LS 12

TEGRATZ 1], FN] & BBAAETERE T PR TR (2.13 97), 1A
A5 BEA A A ) B R IR

RJFBEATHIHEMERE M THOSRIG (2.14 5Y), XARARBLRE W] S A VR AL I
Wi 4 1E W B9 B0 R b AR O R s, FEIXHEL, ARKF T RRRIZHES CPU MR DA I
TurboBoost 47 BB 1] 2 il AR 1) PR RE 73 BT 45 2R DA S ANl 25 X LB T BE

NIRRT IR, ATHFZA—DMET RS, T3 &N 4
Julia 267, X2—%F RAM A —S0LiERY CPU HEA WAL, 1 et RAIRL
PERAT R (AR TIUICIR R B AR ), X EWRE T 2B T i He
PEREMT ARV T2 TR

2.2 Julia E5BIN A

LEFRATM Julia F£AXFBRAT CPU BRI BB 45, X2 — 0] A= R B A0
HE B E 3 TEES), PAEEEZ Gaston Julia [ FEn 44 .

BRECA AR A S K, IRASHEER O —4, BAE—1 CPU BERWH M
M—AEX R AES., X—EE AR CPU fl RAM B A5 &L AT
BT T AR AR P BIES 43- 25 M R T 3K T I T SR B IR o RE AR A R A AR e
PISEEL, SXAEFRATTEE o] DA AR FE N AE I BV EFNIE R A, RATEA T G HRF B IE
— MG HNEA I —DNFENERER, RIGTESE 753, OO BT k5L
R PAAT st 1]

TNV bT— BB AL B — KB I (| 2-1) FI— kAR (F 2-3) /Y
ARG, B Julia EEERIE RS ¢=-0.62772-0.421935, — Julia £2& 0] D@
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WIS — MR AEE, BRI — “ERIFTITERRET, S0
Z A AR I =,

B2-1 JuliaEEHNNRHNME, BTe=

IRBATESE AR o, MEHE— AR EGR, RIERTESE, ALK
R R BRI 7 — e s iE, XA BT .

)R A B 2 AR TE T BATN B — MR R A VT AR ZA AT — RO E B EE .

—YERETE S AARE R T 55, @I, R ad DR AU RE S 45

RAAARTER] 2-1 LoR e, MAREFREREEAA AR AR AE G, B
GREFEHE LR, HIA SRR E K,

EFATE L —A> 2 BYAEAR R EEAT I . BB T RS R 2 9P <.




f(z):zz+c

FNTIEART I Z R EOF A abs HE RS, MRERE S False, HBAFMIL
IEPEIRHAE IR AL AR EAD AR A, AR R R R AR, IBAFANITEL
if maxiter WHEHE&IE, HHRZ% z AR — MR ABRE .

(AMEY IS

for z in coordinates:

for iteration in range (maxiter): # limited iterations per point
if abs(z) < 2.0: # has the escape condition been broken?
z = z*z + C
else:
break

# store the iteration count for each z and draw later
LEFATIA BT A AL AR S AR R 2
T, ATREREMZ EAAR-1.8-1.87, FEARKR S Bl AT 1 St
Bk abs (z) < 2,

z = -1.8-1.8j
print abs(z)

2.54558441227

HATATAEFIZE 0 IRERBBRILFEY False, TRIMAIAFEE AR, %A
PR E L O,

BAEERATBERI E Ry z = 0 + 03 HRJLIREE .

c = -0.62772-0.4219373

z = 0+0]j
for n in range(9):

z = z*z + C

print "{}: z={:33}, abs(z)={:0.2f}, c={}".format(n, z, abs(z), c)
0: z= (-0.62772-0.421937), abs (z)=0.76, c=(-0.62772-0.421937)
1: z= (-0.4117125265+0.10777779927), abs (z)=0.43, c=(-0.62772-0.421937)
2: z=(-0.469828849523-0.5106769400187j), abs(z)=0.69, c=(-0.62772-0.421937)
3: z=(-0.667771789222+0.0579315184147), abs(z)=0.67, c=(-0.62772-0.421937)
4: z=(-0.185156898345-0.4993000674077), abs(z)=0.53, c=(-0.62772-0.421937)
5: z=(-0.842737480308-0.2370322963517), abs(z)=0.88, c=(-0.62772-0.421937)
6: z=(0.026302151203-0.02241799964287), abs(z)=0.03, c=(-0.62772-0.421937)
7: z= (-0.62753076355-0.4231092832337), abs(z)=0.76, c=(-0.62772-0.421937)
8: z=(-0.412946606356+0.1090981831447), abs(z)=0.43, c=(-0.62772-0.421937)
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FATTAES], BIIENRERS abs (z) < 28 True, FATATAXHZARKRIEA 300
UMK True, BATTCIRBHTELZ DIERA REL41F 0 False, AIRERL
FHI, mRKEREE (maxiter) SRENIAZTRIZERTE,

FAFER 2-2 Faf LAF 2 AT 50 AEREER ., 0+03 MEEREG (FIRTEARCH L)
T4 8 AR B — R IEE, (H2 B EERER IR AT — A U B ——AT1 TS
BRI AR R S RIEENR T A, R R EEAUR I ], 25 Bl 5
FMF. FEXIZ cutoff FIR+2 MUAH L,

TRk Eabs )k
B, ¢=-0.62772-0.42193]
2 0mmememnn S U FSUR—
cutoff
1.5 S
E : : i o o Z:@j
110 s g 72(-0. 82403)
¢ ) i ‘ i
z ¢ '
A
05 f\fi
¢ 8=
]
@@ N N
[} 10 20 i 30 40 50
st

B2-2 Julia SR TLITHIESRICER

XFF-0.82+03 WILRED (ZEEARICHIAERIZ), FATATLAR 22 9 kN5
AL R T+2 B cutof £ iR, TRERAIL,

2.3 HEXEM Julia &S

FANTEA T 0% Julia L EHVERAIS . FAVHAEARZ ARSI ESIE . W) 2-1
PR, BRI —ITG, FATFA time BRI BATHI S —Fh ot FBof & L —
LA B,
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Bil 2-1 5 SCAS TR ARAR Y 42 R i
"""Julia set generator without optional PIL-based image drawing"""

import time

# area of complex space to investigate
xl, x2, yl, y2 =-1.8, 1.8, -1.8, 1.8
c_real, c_imag = -0.62772, -.42193

HTHEREG, ROCIEWI AL, 55 zs (B8 2 B4R, 5 cs
(BRI &ME) . XINEIREA S R LA, B cs FIRA AL —1 c
TR, HSLPS A BB B R 2 S BN TTEA E ST RAM {8 1% BUI AT A — 28
A LR GEREE R T

h T AN zs B FRA cs B, FRATFHFZHE A 2 AR 5 2-2 7, FATH xcoord
il ycoord PAKHRER) x_step fl y_step A T X LR, XHE—MITKAYK
& A TR SRR HA T H (W numpy) 5% Python 384% |, FATR—
VIR AR E STk, RS

B 2-2 HESTARBRIRAE AT R B A
def calc pure python(desired width, max iterations):

"""Create a list of complex coordinates (zs) and complex
parameters (cs), build Julia set, and display"""

x step = (float(x2 - x1) / float(desired width))
y step = (float(yl - y2) / float(desired width))
x = []
y = []

ycoord = y2
while ycoord > yl:

y.append (ycoord)

ycoord += y step
xcoord = x1
while xcoord < x2:

x.append (xcoord)

xcoord += x_ step
# Build a list of coordinates and the initial condition for each cell.
# Note that our initial condition is a constant and could easily be removed;
# we use it to simulate a real-world scenario with several inputs to
# our function.

cs = []
for ycoord in y:
for xcoord in x:
zs.append (complex (xcoord, ycoord))
cs.append (complex (c_real, c_imag))
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print "Length of x:", len(x)

print "Total elements:", len(zs)

start time = time.time ()

output = calculate z serial purepython(max iterations, zs, cs)
end time = time.time ()

secs = end_time - start_time

print calculate z serial purepython.func name + " took", secs, "seconds"

# This sum is expected for a 100072 grid with 300 iterations.
# It catches minor errors we might introduce when we're

# working on a fixed set of inputs.

assert sum(output) == 33219980

BIEET zs FIFEM cs FIFR)G, FoM T —2f RIIRRKENFE M calculate
z_serial purepython 1% output JIFK, H/EHANIR} output HNAERMH
WrE B E IR R . Tan FEERFIRA B IR 2T H B R,

BRI B2 5E , JAT AT Z BrA T BRI AT AR UE PR 02 A5 an AT
TRAREE TAE, X SEBVEAG B —— 1 FA IR AU AT B et , AR b2t
Frik BRI R AR B R B A | SR BOR AARY IR A, BARROL T, FRMI &6 A BTl
T ELXHZ )R 22 A AN ] S B AT 3

BTk, 156 2-3 F1, FfiIE X calculate z serial purepython EE%, &
YT RMZEHEEE. R, ROTFEHATERETT 8 XL T—14 output
IR, HAKJER zs fil cs FIRMFE ., WA RESTEEATATAEH range AR
XX, 752977, RASEIFIR range A 2R,

5l 2-3  FRA1H9 CPU B4R pR %k

def calculate z serial purepython(maxiter, zs, cs):

Xrange

"""Calculate output list using Julia update rule"""

output = [0] * len(zs)
for i in range(len(zs)):
n =20
z = zs[i]
c = cs[i]

while abs(z) < 2 and n < maxiter:

z =2z * z + C
n +=1
output[i] = n

return output

BAERATAT AFEG] 2-4 sl TR NP2 B E A —4_main_ H#H,
AT AT VA oy FE LV R AT T BE R A MR TN B B HOT IRV, R,
R 4 1 A VA ) T A A Tk B S R
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Bl 2-4  FATTACHS ) main K%K

if name == " main ":
# Calculate the Julia set using a pure Python solution with
# reasonable defaults for a laptop
calc pure python(desired width=1000, max iterations=300)

— BIALE T B, wiAEEE B — L0 T R R i

# running the above produces:

Length of x: 1000

Total elements: 1000000

calculate z serial purepython took 12.3479790688 seconds

P 2-1 By DR B I w3 FORG B AR A 25 AT T — % e RG24 T D8 A ELILER
%o TEMCALHIIE 2-3 o, BATE—DERIERIKETE . BEREARAHI T H 62
IRITE R ATy o X A — R PR s, JATRERS R B A IER L EK TR
ZUY AW, UFATHE— RIS, 2 R8T 208 B T RAT& T

2-3 Julia ESNARME
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2.4 TEHIE BT IE—FTENFS

BT 2-4, FAVE B H 2 H AR LA print IHAEMAY. 15 Tan BEILA
[ CPython 2.7 BIX BIUZAE KL 12 B, a7 R —ER A — L0080, IRab
ARV B[R] I IR 28 TR AR AL, 75 AR A E SR AN BED LAY A2 1T I [ Y 22
PR Hh T R AR A R A

PR RS TR IS A ST T AT 55, HEAnDy 4%, i RAM,
X RS FEAE P2 T R AL

lan [2E10 42 —& Dell E6420, #4 — Intel Core 17-2720QM 4 CPU (2.20GHz,
6MB 7%, 41%) PAJ 8GB [ RAM, ¥EAEZR S Ubuntu 13.10,

fE calc_pure_python #t (ffil 2-2), FMTHERF|—LL print 4], X2 HHY
T BRI A7 s B — BACRS AT IR TR B 738 o XS EEARTT A RE B LB, R AEIRRITT 46
HFREAEREER AT

ERB R A print iBA2HE AT, BACRIEISAET
EEM, HEHTEENEE, HEeifUE2acBids T, SENSmEELR
i stdout,

— BT ST R G B i g —— R 2R A Y ek B L I I — AT UG
AT R4 F e, (UNEH T print iBAIRMIEE, JSHRINSILEAEE
M=

e 2-5 o, FATE LT — k4 timefn, BRA—1RE 0 HS4. BN
{KPREL measure_time #Z*args (FEWAKNMESE) AK**kwargs (%
HAZWEENSH) FSP0THHAEA In $47., ERUT o AijE, AT
time.time () FHFLIRHM fn. func_name —EATHIHIR, HHXNMEMiZRRIFT
AR/, (BARARE A BT IR £n, RS2SR, FfTHewraps (£n)
5 R E44 1 docstring #F45 £n BYTRE (7509 & A B2 18 B SR
A docstring, T ASE BB AR L) .

Bl 2-5 & X —AMEHias ok B shiEmE

from functools import wraps

def timefn (fn) :
@wraps (fn)
def measure time (*args, **kwargs):
tl = time.time ()
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result = fn(*args, **kwargs)
t2 = time.time ()
print ("@timefn:" + fn.func name + " took " + str(t2 - tl) + " seconds")
return result
return measure_ time

@timefn
def calculate z serial purepython (maxiter, zs, cs):

LRAVBITXA AR RIDES (ZHIAY print HBAKREE), RINSER G
FTER AT IR ) B2 PR T calc _pure python §T RN X2 i T e& £ i A
Wk THOMNTE (ERIEF/D) .

Length of x: 1000

Total elements: 1000000

@timefn:calculate_z_serial purepython took 12.2218790054 seconds
calculate z serial purepython took 12.2219250043 seconds

&%

I 49 A 15 B T i o MR T A 8 AT i L —— A2 A S
MR EFEMALT R T ERAMARA, 21280 mT A
FoiE AT i AR B AT A

FATAT AR timeit BEHAE R 55— Pl EEPATE BRI R KDL, IRSTEMOT
R AR TP B SR SR A8 R R B ) TR AT IN

s

A%, timeit BB EA T HIKEE. WwRARGBIERAA
BB ER, MACHTRYMERERBEGRE. L5158
7 AL Python S A%:  http://bit.ly/timeit_doc.

AT A a5 473817 timelt QIR

$ python -m timeit -n 5 -r 5 -s "import julial"
"julial.calc pure python(desired width=1000,
max_iterations=300)"

HERARDALA-s o EBENT BT A Julial ik, [H calc_pure python
KEIRAER, timelt A—HEHMBOAEE N T —REHEHAH, EXTEK
WA TR, BRIFRERIPREL (-n 5) PARERREL (-r 5), timeit
SXTEAEEMAAT n YOFITEFSERE S — SR, R r ROFEH SE A

+
45
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WARIAIATEE -n M- i2f7 timelt, BRIGEMEIS 10 IREE 5K, T 6 704,
DU ERINE ] PALEAR B PRARAG 45 2R

FNTH R RIF I EER, SPFIIE A SR Z2 45 R v] el T H AR A 2,
FEOEIE 5 WHE 5 RNV IZRRATAT—MNECH A IERY SR

5 loops, best of 5: 13.1 sec per loop
WEZ BT, BERNASASHBIAREER—R ] EREE LR EZ IR
KPAGF— D EE R RS RN ], 7EIX — R EAAE 1B BIFECE, A ARIRAR
KRRV SR ST R, RS s R R, HRIRR R E i
REER,

TN ER BRI calc_pure python BEAFFHZ 13.1 # (HMAEFLL), M
Qtimefn BMigs MBI BRI calculate z serial purepython FEH
122 %, HERZR FEZ M TEIE zs Al cs FIFRAYHE],

£ TPython MIES, FATH VA RIFERY T X stimeit BEVReR %L, WIRARAE
IPython i} BBl 77 XIF K AR AU H ek BrE A 44 25 1) (R] BE 2 R A AR IEAE
M srun), ARAARA A

%timeit calc pure python(desired width=1000, max iterations=300)

WE—mESFEENE—GITEN LN aEE k., REEEETHES (W
Dropbox, #%{7%5) #RBENLE I CPU ARG IR, W T A A HE 2 S EOR ]l
ME TR . E 2-4 BoR TIROTNIRIZEAT AR P EAS CPU B A 3Rk )
T 100%, HlgsH A HAAZ OB FE RPN AL BRI AR A AT 55 .

CPU History
100%
B0% |I
~ |
60% |
| |
A% |
| |
20% - | - - \ =) )
e e e = e
60 seconds 0 40 0 0 10
I cPul 6.1% I cPu2 9.9% [ cru3 3.0% [ cPu4 4.9%
I cPus 0.0% [ cPU6 0.0% [ crPu7 1.0% [ crus 0.0%

2-4 Ubuntu BIRFHEMBER T BRNNEFITIBIHREE CPU BIERIER

AL AL S R X S HLE LRSS A DERE S A A KA
KA TARR R (CPU, Bidk. M%),
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2.5 H UNIX B time f5 & i#1T1E 2 AT

PAELEFRATBEES Python {128 UNIX #AERGHIIRMER G NEE. TH XKML
LSRR RAT A SR A 0 25 T B] . EORTE RIS A R 4s 1 «

$ /usr/bin/time -p python julial nopil.py

Length of x: 1000

Total elements: 1000000

calculate z serial purepython took 12.7298331261 seconds

real 13.46

user 13.40
sys 0.04

R T /usr /bin/time iR time, WHbRHINIHAIRERE
fr4hY time TR AANTE AT 26T LY shell PR IUASHY time , ANALRT € ime
——verbose, ERMHEIT i, FOANRMEAYTTAERL shell PR time T
FRREZMAH tine,

WM -p IR, FAGHT 3 4R

o real J3 I HEMRHIFERT,

o user idsET CPU {EYE(LS5 LAGHTIR], (ERADHE P A% R SIORE 2 (1 Bt i),
o Sys B T WIXREAE SR HIITTE],

Xf user Ml sys MAFHEE] T CPU BILAESRAYISIE], X DHFEH real AYZEN
ATRERAAEESF 10 L, Ml RERIRAY ARSI RN AT HARAE 55 PR L 1
PRI &

time AR %N Python HIAH ARG, BB tHE T JH30 python FEREERAYIITE], U
RIURSBRZFiE (AR —MRE T B—IR) , XAE TSR K,
WRVR S A H B —LEIRI A, BT RS & T BRI AT IR AR — 2,
2 time BE A I EX ARG DL

AT LAFTIF--verbose JF X RFGHE L M th {58«

$ /usr/bin/time --verbose python julial nopil.py

Length of x: 1000

Total elements: 1000000

calculate z serial purepython took 12.3145110607 seconds
Command being timed: "python julial nopil.py"
User time (seconds): 13.46
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System time (seconds): 0.05
Percent of CPU this job got: 99%

Elapsed (wall clock) time (h:mm:ss or m:ss): 0:13.53
Average shared text size (kbytes): O
Average unshared data size (kbytes): 0O

Average stack size (kbytes): 0

Average total size (kbytes): 0

Maximum resident set size (kbytes): 131952
Average resident set size (kbytes): 0
Major (requiring I/0) page faults: 0

Minor (reclaiming a frame) page faults: 58974
Voluntary context switches: 3

Involuntary context switches: 26

Swaps: 0

File system inputs: 0

File system outputs: 1968

Socket messages sent: 0

Socket messages received: 0

Signals delivered: 0

Page size (bytes): 4096

Exit status: 0

XA AR 2 Major (requiring I/0) page faults, PIAEHHR
A T ERAERGURT T RAM SRR A7 AR T 75 2GR BT o 13X 22
HeH S RIS,

AT BT X TR BARAI TR D, FroAn & AR s it e, RIRA
—DNRERAIRR, S FHFE AN R RAM AEERE, fRte A3
i 2 AT DAS IR AREE SRR 2% B o — 00 RAM B A #e B R4 B iX — &AM E R 4t
S B R ) T 5 RO B Y R

2.6 {EH cProfile &1k

cProfile @—ARMERE N HEAY T TH , B A CPython B AL I & Ha—
N REGSFTITIE SR B . X— AR SFIA—DERIPIHH, BIRSFEEZHE
B ARXLEHIMYE RS AR IR N R) & L

chrofile @ARfEFENEI =10t LRZ —, 54N E hotshot fll profile,
hotshot iAbFSLERE:, profile N2 IAAT4l Python 7-HT8s, cProfile H
AR profile —#Eayr, HZEIARIT TR, QIR VRRTIX L8 2R 1 [T s Gk,
YRATPARFE—F Armin Rigo 7E 2005 4FZERKYF cProfile (& HARIEFEATIEK
(http://bit.ly/cProfile_request),
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I AR — N3G S8 R AETF R 20 BT 2 B ST 0 AR ) A 45 300 Y a2 A7 3 B kAT
B, Tan FHCRA ARSI DR FF AR . R IR — MBI ERE A
AREM ARG ROA 2 B (T ELER SN ) FHRTHRX TR g A KRS B B

DHTRT R HATAR IR R AT ABAF 6, B A X AT A 35 B AR 5 3 o T
FAZARARAL P =T 464 P ARG W7, v ELAR B2 3% 44 44 ) iR 45 kR B
ek,
TRAFE TR S L5, F— Lol FLE A 4B F BER PR AR LEE 3BT IE AR A 7
WA 2 AR T — BB 2 )5 (TRER TLNREULR) A iR R
SEE TR AR AR BAR A A R B B E ) TR R N E AT T .
IARMNEB IR AWR? FA1HITE calculate z serial purepython W[
RE R RIS EAR TR o FRATHEARA R B A T R E RS I 2 R B AR BAR
BEAEFN abs pREL, XLET]REHTZHE CPU WRAI K,
XH, FAIA cProfile MiHLEFTHRATAICIDH)—NEFR, Higm b =2 H1kny,
B FRA AR 2 R G — 2 AT
-s cumulative JFR45f cProfile XN RE R THIEF AR EIHEATHEF, X
RELLFRAT B BSR4, cProfile ¥4 H BT EN B G4

$ python -m cProfile -s cumulative julial nopil.py

===
= H
é;%\ AT RE BALGE AR RATE AESAT (R RAR—R R4, £
|/ ,f

36221992 function calls in 19.664 seconds
Ordered by: cumulative time

Ncalls tottime percall cumtime percall filename:lineno (function)
1 0.034 0.034 19.664 19.664 julial nopil.py:1(<module>)
1 0.843 0.843 19.630 19.630 julial nopil.py:23
(calc_pure python)
1 14.121 14.121 18.627 18.627 julial nopil.py:9
(calculate z serial purepython)

34219980 4.487 0.000 4.487 0.000 {abs}
2002000 0.150 0.000 0.150 0.000 {method 'append' of 'list' objects}
1 0.019 0.019 0.019 0.019 {range}
1 0.010 0.010 0.010 0.010 {sum}
2 0.000 0.000 0.000 0.000 {time.time}
4 0.000 0.000 0.000 0.000 {len}
1 0.000 0.000 0.000 0.000 {method 'disable' of

' lsprof.Profiler' objects}
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Xof 2T I (A HE R BE R B AT TR B B AT I TR FEAE T 35X 5 5R s Hh A AU
19 FPAYIFIA] L — 3% 242 T 36 221 992 Y ek i ] (XS] 6035 T ] cProfile
HIITAS) o Z BT BRATRI RIS TR ZE 13 AP HRAT IR El——h 7 I > R AT B AE 2 14
IFE], FATEIM T —A 5 AR RS,

AT AERS—17, julial cprofile.py WfURSA A REILIES T 19 75,
il main_ il calc_pure_python, ncalls 3 1, BBKERFTIUAGT
TR

fr calc pure python #B, calculate z serial purepython B FTE
BT 18.6 #b, XTARREE L PAT T, FRATATDAHEI AR Z) 1 AR TR] 7L
£ 7 calc pure python N#B, /2 calculate z serial purepython
AP, AL FANTH cProfile WykMIE 2 HRLEAT LR T X L[],

ff calculate_z_serial purepython &R, FE7E (RLEEAVH F H e £ )
FRRSAT BRI TR 14.1 &2, R BN T 34 219 980 Ik abs, BILET 4.4 70, 55
HMEA Hopl—LEAN B 2B TR TR

A~ {abs AT AKRTE? X—f7M &)/ calculate z serial purepython
X} abs BREAII M . per-call BN AT LAZEE (0.000 #2), 34219980 ¥R F G AL
T 44, EATCEFM SR Z R abs, B Julia BECEA A TR E3hES
FetE GXE M A2 XT B an i A #%) o

FATTAREDE & e B 1000 000 K, B FATFTEITR 1000 x 1000 MEE
Mo EEZE B 300 000 000 4, FHZHFATH 1000 000 MEE £ AT 300
PAER. FrPA=TF 00 E 5 IR CUR S22 1 LAY 10%.

WARBANVE IR RBTE (B 2-3), FHAERR R B @B Rk v, AT LA
ARy B 6 O & T A2 TR 10%,

BT oRAy T, {method 'append' of 'list' objects}, iR TXf
2 002 000 51 R0 ) A1) 2
| 3] &%

A 422002000 AR E? ERiETEZA, £EF—TELEETR

| BES VARE .
|

2 002 000 F R A) K ETE cale_pure python WREFTEL.
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FE zs fll cs 4354 1000 x 1000 NI H, W EMNTZMHEIE 1000 4~ x A24RF1 1000
Ay AFREIER ., BreABIEEHR 2 002 000 ¥R append,

FEEERZ cProfile W AUSCREHER, BE4E T AT RSB 4350
PR, M cProfile fRMEMIEERBNR—ITRE T4, HARNAES T
BRECA BT ER, AR BENE—1T,

TF calculate z serial purepython PN, FRATAPAKT{abs}All{range } 174y
B, X BREUR T T KLy 4.5 70, FA 15058 calculate z serial purepython
H & EIAETE T 18.6 7,

PERE M A 5 — TR 2] T 1sprof, XRATHIEH| cProfile ZHIH)
JFG 4, ATLAZZ,

HTHAGX cProfile SERRYE M, FATH AL — Gt SR i ad
Python #4774 :
$ python -m cProfile -o profile.stats julial.py

FATAT A AR HAR A Python, & 2%t BRZ AT —FERY 2T I TR] R 4 -

In [1]: import pstats

In [2]: p = pstats.Stats("profile.stats")

In [3]: p.sort stats("cumulative")

Out[3]: <pstats.Stats instance at 0x177dcf8>
In [4]: p.print stats()

Tue Jan 7 21:00:56 2014 profile.stats

36221992 function calls in 19.983 seconds

Ordered by: cumulative time

ncalls tottime percall cumtime percall filename:lineno (function)
1 0.033 0.033 19.983 19.983 julial nopil.py:1(<module>)
1 0.846 0.846 19.950 19.950 julial nopil.py:23
(calc_pure python)
1 13.585 13.585 18.944 18.944 julial nopil.py:9
(calculate z serial purepython)

34219980 5.340 0.000 5.340 0.000 {abs}
2002000 0.150 0.000 0.150 0.000 {method 'append' of 'list' objects}
1 0.019 0.019 0.019 0.019 {range}
1 0.010 0.010 0.010 0.010 {sum}
2 0.000 0.000 0.000 0.000 {time.time}
4 0.000 0.000 0.000 0.000 {len}
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1 0.000 0.000 0.000 0.000 {method 'disable' of
' lsprof.Profiler' objects}

AT BT TR R AL, FATR DT DR A R B . 7R PP IR D,
i LAB %] calculate z serial purepython J2fFERTEE, HRE—4
MR . MR B MR, X PRV RERT B FRATE O B SRR 1 AL
PR%L

In [5]: p.print callers()
Ordered by: cumulative time

Function was called by...

ncalls tottime cumtime
julial nopil.py:1(<module>) <-
julial nopil.py:23(calc_pure python) <- 1 0.846 19.950

julial nopil.py:1(<module>)

julial nopil.py:9(calculate z serial purepython) <- 1 13.585 18.944
julial nopil.py:23
(calc_pure python)

{abs} <- 34219980 5.340 5.340
julial nopil.py:9
(calculate z serial purepython)

{method 'append' of 'list' objects} <- 2002000 0.150 0.150
julial nopil.py:23
(calc_pure python)

{range} <- 1 0.019 0.019
julial nopil.py:9
(calculate z serial purepython)

{sum} <- 1 0.010 0.010
julial nopil.py:23
(calc_pure python)

{time.time} <- 2 0.000 0.000
julial nopil.py:23
(calc_pure python)

{len} <= 2 0.000 0.000
julial nopil.py:9
(calculate z serial purepython)

2 0.000 0.000

julial nopil.py:23
(calc_pure python)

{method 'disable' of ' lsprof.Profiler' objects} <-

FATIE AT DAL 7R WA eR 50U 1 At pR 2K

In [6]: p.print callees()
Ordered by: cumulative time

Function called...
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ncalls tottime cumtime
julial nopil.py:1(<module>) -> 1 0.846 19.950
julial nopil.py:23
(calc _pure python)
julial nopil.py:23(calc_pure python) -> 1 13.585 18.944
julial nopil.py:9
(calculate z serial purepython)
2 0.000 0.000
{len}
2002000 0.150 0.150
{method 'append' of 'list'
objects}
1 0.010 0.010
{sum}
2 0.000 0.000
{time.time}
julial nopil.py:9(calculate z serial purepython) -> 34219980 5.340 5.340

{abs}
2 0.000 0.000
{len}
1 0.019 0.019
{range}
{abs} ->
{method 'append' of 'list' objects} ->
{range} ->
{sum} s
{time.time} ->
{len} ->

{method 'disable' of ' lsprof.Profiler' objects} —->
cProfile fitiMIEEME , IRHEA N EIFRA BRI T IIT, BRNER
AT PR E MRS M TR, RIGENFEAFE/GEIFER line_profiler,
heapy #ll memory profiler & T HAREH BIIRIRAE (2T EARNM AR B
RARITT.

2.7 H runsnakerun 3 cProfile g% i#{TRI {14k

runsnake E— MM TE, AHTE/R cProfile QIEME T UHF—ARRTH
AT AR Bt T DA R TR R W R BT B AR

1817 runsnake A AMEARM LJR TH##E—A> cProfile Sl U AA, FHE 4
PRAET A — AP A T ST R AT PRI, B S bR IS 3 B T 4R P e mp et
X, B RS R — LEARIRAS I BOA IR B A RS Dtk 8 Bh 447 7 HE T AE
AP L2
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R AFEA N RIS TERER B B, POV ERETRIRE S HRTTHE.

A2 pip install runsnake 343 runsnake,

HERERZEHE wePython, [MFE—A virtualenv TR ESIEHFHR,
SR T A=A 30, Tan A IE—RMIEFETAERRIMNE T 2R E, AR
iR BT virtualenv THIER,

Kl 2-5 R TZHl cProfile WU, PITBALHY <Al DAY B FATSE bt T/
calculate z serial purepython % T HRZHIBE, HEAMR/N—E0HH
Frif TRl 2 AEW F HAR R KL (abs 2 H i E——A> LRGBS TR AY) . ARAT AR FIARAS
AL R AR E B B, Oy R ZHAN T T 2 A T 3B B

£ runsnake H iR AT PASE AR AR ZRIGERE TR . FEARERAL A TP RER
X—IhEER T Z 5,

B® 2-5 A8 runsnakerun @7 cProfile 9T R

2.8 H line_profiler #{TiZ1T9#r

HRAE Tan WL, Robert Kern ) 1ine_profiler j2iff# Python ) CPU A
REME SR R TR . B R AR R BT 247 00T, JRIVAZSEM cProfile 4%
ﬁ%ﬁﬂ‘ﬁlﬁﬁ %, WM line_profiler XfeR¥uittT 704,
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YRS BARB RSB, (AT B XA T E A% DA A R I AS, X ARt A
— RIS (TG A M) Mdsk, 1EARW CARERS & 5, UARTES T8 T
W, ANERBARRYICAZ .
i Afyd- pip install line profiler k425 line_profiler,
Metigs (@profile) Fridikd k%, M kernprof.py HIAIZ TR,
PR R U — TR TR 1) CPU B[R] DA K HoAth {5 B S 0% ok,
— #%

TS BORARAIL ELEGTR, B A BN 54 B AR Ak 69 M)

K, BRAFROIE—AMAEAH B — L 2.13 37 ¥ 49 No-op #9@profile
B4 &

BT SR REZIT A B R BT, -v T emkl, #a-v, R
38—~ Iprof pfmit SCfF, mIELARnTLAR Nine_profiler BN H I T4
Bro Bl 2-6 1, FM&5EREfT il HA1H CPU HAERRKEL.

%1 2-6 1517 kernprof Z47 /M Tl 1 1 ek £y CPU JF 4
$ kernprof -1 -v julial_lineprofiler.py

Wrote profile results to julial_lineprofiler.py.lIprof
Timer unit: 1e-06 s

File: julial_lineprofiler._py
Function: calculate_z_serial_purepython at line 9
Total time: 100.81 s

Line # Hits Per Hit % Time Line Contents
9 @profile
10 def calculate _z serial_purepython(maxiter,
zZs, CS):
1 Calculate output list using

Julia update rule"™

12 1 6870.0 0.0 output = [0] * len(zs)

13 1000001 0.8 0.8 for i1 in range(len(zs)):

14 1000000 0.8 0.8 n=20

15 1000000 0.8 0.8 z = zs[i]

16 1000000 0.8 0.8 c = cs[i]

17 34219980 1.1 36.2 whille abs(2) < 2 and n < maxiter:
18 33219980 1.0 32.6 z=2z*z+cC

19 33219980 0.8 27.2 n+=1

20 1000000 0.9 0.9 output[i] = n

21 1 4.0 0.0 return output
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SIA kernprof.py SECTHUMOETHIE, KfIf) calculate z_serial_
purepython %7 100 >, = T print &4 13 #PF1 cProfile 5 19
o AR N ZRATAESR T — R NS — 1T LS A i AT 4521 .

sTime S A H——ANTAT AR 2 36%If (A fE1E T while Jiif b, AdHATA
B SRR (abs (z) < 2) iRH AKIER (n < maxiter) HAERITE],
TEERA, FATAT AR R 2 WIIERTEl, 22 n += 1 #RS] FIRIEIANT,
Python B AL ML HIERAE TAE, BIVEEE UCERR A6 1922 Bk e R AR A 262
— e b, GIEMRRIEE (55 7 &) W ARk ERMFAL, B
output FIFRALH 20 47 LRYHEHARXTEEAS while JEFRRULAH 24 H,

Xt while JEA EIE—2 BT IR RS FIBARIT . Python AHIX Hfy — L4}
WX TRAHFEES .pyc XHFFXTATIEAHZ 0 EEREE, HEFE
BA— L AARBEH 1ine profiler BANKRIZHI T,

TE 27, FAVH while TSRS AN, X BSNAERIE AN B
ST, AT T AT AR EIT , (LT RERT ARSI T A 55>
NCECBIIR
Dk
BARERILAT, AR FINAKATT AR EA 7 KT AR 4
| TA? SfeBE AT Ak AT T A4

B12-7  FFALE K while TEAIPREERAE FRIC RGBT

$ kernprof.py -1 -v julial lineprofiler2.py

Wrote profile results to julial lineprofiler2.py.lprof
Timer unit: le-06 s

File: julial lineprofiler2.py
Function: calculate z serial purepython at line 9
Total time: 184.739 s

Line # Hits Per Hit % Time Line Contents
9 @profile
10 def calculate z serial purepython (maxiter,
zS, CS) :
11 """Calculate output list using
Julia update rule"""
12 1 6831.0 0.0 output = [0] * len(zs)
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13 1000001 0.8 0.4 for i in range(len(zs)):
14 1000000 0.8 0.4 n=20
15 1000000 0.9 0.5 z = zs[i]
16 1000000 0.8 0.4 c = cs[i]
17 34219980 0.8 14.9 while True:
18 34219980 1.0 19.0 not yet escaped=abs(z) <2
19 34219980 0.8 15.5 iterations left =n <maxiter
20 34219980 0.8 15.1 if not yet escaped
and iterations left:
21 33219980 1.0 17.5 z =2z * z + c
22 33219980 0.9 15.3 n += 1
23 else:
24 1000000 0.8 0.4 break
25 1000000 0.9 0.5 output[i] = n
26 1 5.0 0.0 return output

EARAAE T 184 F40AT, T Z BRI 100 ), Al = A s 5 B8 4R,
A 4G — S AME A B AT T 34219980 Yk, HiE T AR, W RONEE T
kernprof.py WA THATHIEM, TATARESTEGR Z UEPR A 0L 5 H 2 HAb R
33 T AR,

B A EE ] B 2 BT timeit $2AR M AE> B SRk R TH6 -

>>> z = 040 # a point in the middle of our image
>>> Stimeit abs(z) < 2 # tested inside IPython

10000000 loops, best of 3: 119 ns per loop

>>>n =1
>>> maxiter = 300
>>> $timeit n < maxiter

10000000 loops, best of 3: 77 ns per loop
MoX—fa B Lok, X n BB ENSH L2 abs e EOR M BIPIfE, BE
9K Python AR PEAG T R AR X R R, TR AFRAT N2 dc (3 B A st
WAEZE ., 85 301 RIMAAA 1 Ik n < maxiter WfE N False, XA Python il
APl and BAEFFAARTER T,

TV RTRAT TG TCIE SN abs (2) < 2 BYfATES R False, T2 HIA 24K
SFEIREE AR FRAT 300 YaER TR 10%A9 W] g2 True, WARIKATAEEH JE—
AT X BRI RIS IR L, A RS T R E . AETER BIAH LT,
NV EEERA A RER AL,

FNTAT A — S ke S, “ilad A e while iR, FMTSRG— ]
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SERHERTE,” ATTAA kernprof.py MHAX MRS, (H2HINYITEH
AIRER RN S R R R Z W, B ARMTH — D2 B R A RS, Mt
while abs(z) < 2 and n < maxiter:flwhile n < maxiter and abs (z)

< 2:Z [R5,

SR TR R 0.4 BPRUREIRTE, X—45 R BAMRIC 2R E H R RIS, 5]
A ANEAERTTE (WAL 7 FAtiA ) Cython B PyPy) SKARHR M IS R B
[SliUE e

M B CHERAEL, 2HN:

o AR B S T,

o FRATXHAS BN SUR R TR IIRL Gl A Z— R IMAPIE ),

o AL T R HIUEIE SR RIS E

N TR R, FROTATATEAL S T FATAL A 2R B B RS 12T — IR
kernprof.py RHIAFATE MR . B 2-8 Z2He 145 17 1T while i)

], FRATA A B K 5 Y 36.1%9 PATIN TR BAESL 5 T 35.9% (X —Z53RHE
ZRisfTHIREFAE)

B 2-8 A2 He while 18] B U B2 T

$ kernprof.py -1 -v julial lineprofiler3.py

Wrote profile results to julial lineprofiler3.py.lprof
Timer unit: 1le-06 s

File: julial lineprofiler3.py
Function: calculate z serial purepython at line 9
Total time: 99.7097 s

Line # Hits PerHit %Time Line Contents
9 @profile
10 def calculate z serial purepython(maxiter,
zS, CS):
11 """Calculate output list using
Julia update rule"""
12 1 6831.0 0.0 output = [0] * len(zs)
13 1000001 0.8 0.8 for i in range(len(zs)):
14 1000000 0.8 0.8 n=20
15 1000000 0.9 0.9 z = zs[i]
16 1000000 0.8 0.8 c = cs[i]
17 34219980 1.0 35.9 while n < maxiter and abs(z) < 2:
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18 33219980 1.0 32.0 z =2z * 2z +cC
19 33219980 0.8 27.9 n+=1

20 1000000 0.9 0.9 output[i] = n

21 1 5.0 0.0 return output

AR —HE, TATTLAER] 2-9 Wik H, calculate z serial purepython
t T IHACEEL 97%BIRTa], RS FRE AR LT R R,

Bil 2-9  BAT B E T B IF A
File: julial lineprofiler3.py
Function: calc pure python at line 24
Total time: 195.218 s

Line # Hits Per Hit % Time Line Contents

24 @profile

25 def calc pure python(draw output,
desired width,
max_iterations):

44 1 1.0 0.0 zs = []

45 1 1.0 0.0 cs = []

46 1001 1.1 0.0 for ycoord in y:

47 1001000 1.1 0.5 for xcoord in x:

48 1000000 1.5 0.8 zs .append (

conplex (xcoord, ycoord))
49 1000000 1.6 0.8 cs.append (
corplex (c real, ¢ imag))

50

51 1 51.0 0.0 print "Length of x:", len(x)

52 1 11.0 0.0 print "Total elements:", len(zs)

53 1 6.0 0.0 start time = time.time ()

54 1 191031307.0 97.9 output =
calculate z serial purepython
(max iterations, zs, cs)

55 4.0 0.0 end time = time.time ()

56 1 2.0 0.0 secs = end time - start time

57 1 58.0 0.0 print calculate z serial purepython
.func_name + " took", secs, "seconds"

58

# this sum is expected for 100072 grid...
59 1 9799.0 0.0 assert sum(output) == 33219980

2.9 F memory_profiler 2 ATFH £

F1 Rober Kern SZFHY) line profiler A& CPU /5 f#25{pl, Fabian Pedregosa
# Philippe Gervais SEBLf) memory profiler BUREEMBEZITIE NS HE, T
FRACHS B A8 I SL AR VR E) B SR )R

Bt M RE AT ENR 39



o FRMBEAREE L XA R AL E M A /1) RAM Sk ARG BEARR?
o RATREAREME FITEL RAM ZA7FRT74 CPU JA 2

memory profiler WJEE{EFMI line profiler +4p2R1{), (H 27 EEEH
%, QRIRESRT psutil A (BRZUMEF), memory profiler &PIffR—xi,
WA AT ARG VR A2 E 10 3] 100 £5, B ASE PRERAERTR AT A8 U /R
ffif] memory profiler MELZMMEH line profiler 4T CPU 4047,

4 pip install memory profiler %% memory profiler (WJifk%%
pip install psutil),

ZHItE, memory profiler WSEEIAIREF AL line profiler IFAHFRE,
JIT AR S5 3745 SRy BRAE — N3/ N TR L, S A A RETE — AN AT 2 2L B ] A 2%
W, YRR W] DA —BE AR B, (HRTRZE— 0 1A A 22 AR 0 SR 434t 1)
AU RIE R, B 2-10 RYAEDEE T 5254 AY 1000 < 1000 4%, 7E Tan HYZEICAH
Bk BB T 1.5 A/ R IR B .

BT

F B BORARAIX B LEGT R, f2 line profiler —#%, 454 %

(Gprofile) A kAritit ¥ 69 Kk, X LY raikeyEnX, hik

AR — AR 35 — ILF 57 R No-op #9@profile 54535,

FEABRNAF O, ARG IREITEBLAMR CPU ISR 2 EA T, d@Hik—
ANUERERS AR 0 BL 25 AR L N AT I AR 25 PRI O ) S A RCR, R A7 70 P
EAER B 5, AN, BRI SR T, T AR Gl REXEW B B S AR P AE T
B SRt rp— B IR

X B BB S5 SRR ARMEEIE T %> Python R PARA P77 68 I FIURE LY
TGO, N G FES I, BT ARG AT REA 7 BL I e BB Y AT ISR
ZATRR RN S B BT RE L AR — T RIS E B RE T,

il FM1EFH memory profiler £ 2-10 4., 755 12 77AY) calculate
z_serial purepython Ht, FATEH|SEL 1000000 Ui H FH KL TMB 1)
RAM B AR, XA RE output FFRIK/NEE TMB, HEHEFETES
RN BCHG T RZ) TMB, 5 13 17, FATERISHRELEIEIAN XK T 32MB,

@ Memory_ profiler W NTFHYAALZEPRHE TZ 2K MiB (mebibyte) 2 2°20 597, XIRFE A
HUEABTEA B A MB (megabyte [F A TN AR E L) AR XA, 1 MiB 4T 1.048576 (K
£y 1.05) MB, N THHETTE, BRARFRAIED], BATRPIEIEHS.,
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XA RERH T M T range, (ffl 11-1 #E—211E T NFFEH, 7MB 1 32MB iy
KBIETPIAFIRAINA ) FE56 46 AT ACHERE Y, ATEF] zs F1 cs FIERAY >
L T RZ) TOMB, BRI —il, X NTFA—E R EIN, L2
TEA X LEH R A AR PR,

5] 2-10  memory_profiler XFFATHIANFEZREAT TR, FE calculate z serial
purepython FS7R H FUEHI M 75

$ python -m memory profiler julial memoryprofiler.py

Line# Mem usage Increment Line Contents

9 89.934 MiB 0.000 MiB @profile

10 def calculate z serial purepython (maxiter,
zS, CS):
11 """Calculate output list using...
12 97.566 MiB 7.633 MiB output = [0] * len(zs)
13 130.215 MiB 32.648 MiB for i in range(len(zs)):
14 130.215 MiB 0.000 MiB n=20
15 130.215 MiB 0.000 MiB z = zs[i]
16 130.215 MiB 0.000 MiB c = cs[i]
17 130.215 MiB 0.000 MiB while n < maxiter and abs(z) < 2:
18 130.215 MiB 0.000 MiB z =2z * 2z +cC
19 130.215 MiB 0.000 MiB n+=1
20 130.215 MiB 0.000 MiB output[i] = n
21 122.582 MiB -7.633 MiB return output
Line # Mem usage Increment Line Contents

24 10.574 MiB -112.008 MiB @profile

25 def calc pure python (draw output,
desired width,
max_iterations):

26 """Create a list of complex ...
27 10.574 MiB 0.000 MiB x step = (float(x2 - x1) /
28 10.574 MiB 0.000 MiB y_step = (float(yl - y2) /
29 10.574 MiB 0.000 MiB x = []

30 10.574 MiB 0.000 MiB vy = []

31 10.574 MiB 0.000 MiB ycoord = y2

32 10.574 MiB 0.000 MiB while ycoord > yl:

33 10.574 MiB 0.000 MiB y.append (ycoord)

34 10.574 MiB 0.000 MiB ycoord += y step

35 10.574 MiB 0.000 MiB xcoord = x1

36 10.582 MiB 0.008 MiB while xcoord < x2:

37 10.582 MiB 0.000 MiB x.append (xcoord)

38 10.582 MiB 0.000 MiB xcoord += X step
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44
45
46
47
48
49
50
51
52
53
54
55

10.
10.
89.
89.
89.
89.

89.
89.
89.

122.

582
582
926
926
926
926

934
934
934

582

MiB
MiB
MiB
MiB
MiB
MiB
MiB
MiB

MiB

MiB

0.000
0.000
79.344
0.000
0.000
0.000

0.008
0.000
0.000

32.648

MiB zs = []
MiB cs = []
MiB for ycoord in y:
MiB for xcoord in x:
MiB zs.append (complex (xcoord, ycoord) )
MiB cs.append (complex (c_real, c imag))
MiB print "Length of x:", len(x)
MiB print "Total elements:", len(zs)
MiB start time = time.time ()
output = calculate z serial...
MiB end_time = time.time ()

73— MR AF S AR 77 2R BB I (R R AEFFE ], memory profiler f5—
ANIIREM mprof, XS A AN DLOEAT RAEFIE 5], B R RAEEE T IR R T A
AT, DA S WS s T a]

K 2-6 & mprof jzf7 julial memoryprofiler.py AR, B4 LA —
G, ARG mprof EE, EH RIS TIHRATA A F 2R A AT H 1R

IFTR] DA K iz 7

B} RAM RO KAE 0L 7F calculate z serial purepython P,

FATAT LAE 2| RAM TE R B A PATI R N ER-F ARG, X220 T A BB L /o
% (int A1 float &),

python julial_memoryprofiler.py

100

ARG (MiB)

60

40

20

+~—+ 01/02/ 201‘4 - start at 18:00:35.463
— calculate_z_serial_purepython 12.257s
calc_pure_python 12.960s

2

4

HiE ()

10 12 14

2-6  mprof 4a%89 memory_profiler IR
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B THERRBUZ T _EREAT R PASL, FRATIE AT DAE A AR IS AR 2 . i 2-11
B T AR E 2-7, HATFATLAFEF| create_output_list Fr%&. BT
calculate z serial purepython ZJGH#l, HSEHESEIEZL RAM,
RIG, ATIEEEME TR, KIH tine.sleep (1) HiE 1 7,

Tt create_range_of zs %25, KATEF RAM WIME A BB T — i
TEF] 2-11 ARG H, ARFT AR B R4E LR Q)8 iterations FI5RAT,

FATLIEY R AR E range M AZE xrange e RrRERE, b T a0
—AEG[, —MEA 1000000 N5 H BRI RBE LG, XD EREARL
F, —HBFERWIER, VREBALT (RIM809 RAM 2FER)., HT a8
XGRS TCERAVEAR B 5 H T — s 8], AN A R XA~ R 00 R A4
A H BT

&%

J& Python 3 ¥ range #8947 AL T, '€ 3% Python 2 #9 xrange —#f,

xrange f& Python 3 ¥ 4K K, 2to3 4448 T L4 | SRt i7X —

i,

Bl 2-11 AP B AR 45 mprof BRI INREE

@profile
def calculate z serial purepython(maxiter, zs, cs):
"""Calculate output list using Julia update rule"""
with profile.timestamp ("create output list"):
output = [0] * len(zs)
time.sleep (1)
with profile.timestamp ("create range of zs"):
iterations = range(len(zs))
with profile.timestamp ("calculate output"):
for i in iterations:
0

zs[1]

n
z

c cs[i]

while n < maxiter and abs(z) < 2:

z =2z * z + C
n +=1
output[i] = n

return output

KT G4 T EUEER 4B TE] #Y caleulate_output, FRATFLAB £ RAM A — A IEH %
BRI, X2 T BLA PERIEER H ra 2 G BC . (8 F AR 2 s ml
PATS BhFRATT 2000 B b 1 R P9 A7 O B3 B L

B MR AT E R 43



python julial_memoryprofiler2.py
120 = = B
|
100 !
|
g o :
= '
& 0 '
g '
a b
] i
o I
i
i
60 B 1
i
i
i
I
I
a !
i
+— 01/02/2014 - start at 18:05:11.546
—— create_output_list 0.007s
2001 calc_pure_python 13.925s 1
l — calculate_z_serial_purepython 13.221s
— create_range_of z512.203s
— calculate_output 12.184s
2 1 8 10 12 14 16
g ()

2-7 HAREH) mprof IRE

), AR range B xrange, FER 2-8 H1, FATHI AR BINEE
PR RAM f IR BUA R BRI T

python julial_xrange.py

Y — [ ]

[ A o il
4 F

ERATE (MiB)

40

'
I
I
I
I
'
I
I
'
I
I
I
I
]
I
I
'
I
I
I
I
I
1
I
I
I
I
I
I
I
I
'
s

[+— 01 /02 /2014 - start at 18:31:57.686
—— create_output_list 0.007s
calculate_z_serial_purepython 13.337s
— calculate_output 12.328s
T

2 4 6 Wi () ° 10 12 14 16

2-8 F3 xrange Eik range Z EHMBIRES
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R FRATE N B I E A B RAM (A1 0L, FRATRT VA IPython f%memit fi
RRE, HTAELTAEMTstimeit, 5 11 HEAHEMTHE Smemit BHTAAR
T3 E RAM BRI 53K

2.10 H heapy jAZHE FRIT &

Guppy W H A — WA HERY A TR IAE heapy, A DALLAREF Python HEhx 5
B DA SRR UARTE ZREIE— 24 2 DX R A ENT RS
BERrIEERT , VRICHFRZX AR A SRS N A T NAT P L P N A RIRE DT . T
RURZWET AT (FTREH TR R AT BR T — MR G ), IRAX
AT R BEHE R 43 I R O B A

MIRTEHAVRRNRY, B E RS UIRTIIIREEA SO R, IR Z XA T AR
AH—EER AT REARIZIR, AR R B LA T 18]

N TR heapy, IRFEMAMS pip install guppy %% guppy 4,

Bl 2-12 BRI 2 Julia FCRSE— D ISA BRI IRAS, calc_pure_python ] T
HeXF R hpy, FATE=AHTITEIHER NEE,

5 2-12 1 heapy BB RGBT XIS HE 1A 1L

def calc pure python(draw_output, desired width, max iterations):

while xcoord < x2:
x.append (xcoord)
xcoord += x step

from guppy import hpy; hp = hpy()

print "heapy after creating y and x lists of floats"
h = hp.heap()

print h

print

for ycoord in y:
for xcoord in x:
zs.append (complex (xcoord, ycoord))
cs.append(complex (c_real, c_imag))

print "heapy after creating zs and cs using complex numbers"
h = hp.heap ()
print h
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print

print "Length of x:", len(x)

print "Total elements:", len(zs)

start _time = time.time ()

output = calculate z serial purepython(max iterations, zs, cs)

end time = time.time ()

secs = end time - start time

print calculate z serial purepython.func name + " took", secs, "seconds"

print

print "heapy after calling calculate z serial purepython"
h = hp.heap()

print h

print

il 2-13 By R T AR E 7RG zs il cs ﬁlJi% GARAEmR. EHK T RS
80MB, [H> 2000000 A HATZIHFE T 64000000 iilk—b oW 5 S5 T H Al
MK HAE ., R REERA XA TET Wa?FH B, XAEERTHTERE
B HIRT S A00E DA BT 2L 5 =S 1],

B 2-13  heapy fi it 7 T HAV AT — DB BT 584

$ python julial guppy.py
heapy after creating y and x lists of floats
Partition of a set of 27293 objects. Total size = 3416032 bytes.

o o o

Index Count % Size % Cumulative % Kind (class / dict of class)

0 10960 40 1050376 31 1050376 31 str

1 5768 21 465016 14 1515392 44 tuple

2 199 1 210856 6 1726248 51 dict of type

3 72 0 206784 6 1933032 57 dict of module

4 1592 6 203776 6 2136808 63 types.CodeType

5 313 1 201304 6 2338112 68 dict (no owner)

6 1557 6 186840 5 2524952 74 function

7 199 1 177008 5 2701960 79 type

8 124 0 135328 4 2837288 83 dict of class

9 1045 4 83600 2 2920888 86  builtin .wrapper descriptor
<91 more rows. Type e.g. ' .more' to view.>

heapy after creating zs and cs using complex numbers
Partition of a set of 2027301 objects. Total size = 83671256 bytes.
Index Count % Size % Cumulative % Kind (class / dict of class)
2000000 99 6400000 76 64000000 7
9

185 0 16295368 19 80295368

complex
list
10962 1 1050504 1 81345872 97 str

0 6
1 6
2

3 5767

4

5

0 464952 1 81810824 98 tuple
199 0 210856 0 82021680 98 dict of type
72 0 206784 0 82228464 98 dict of module
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6 1592 0 203776 0 82432240 99 types.CodeType
7 319 0 202984 0 82635224 99 dict (no owner)
8 1556 0 186720 0 82821944 99 function

9 199 0 177008 0 82998952 99 type
<92 more rows. Type e.g. ' .more' to view.>

Length of x: 1000
Total elements: 1000000
calculate z serial purepython took 13.2436609268 seconds

heapy after calling calculate z serial purepython
Partition of a set of 2127696 objects. Total size = 94207376 bytes.

o o

Index Count % Size % Cumulative % Kind (class / dict of class)

0 2000000 94 64000000 68 64000000 68 complex

1 186 0 24421904 26 88421904 94 1list

2 100965 5 2423160 3 90845064 96 int

3 10962 1 1050504 1 91895568 98 str

4 5767 0 464952 0 92360520 98 tuple

5 199 0 210856 0 92571376 98 dict of type

6 72 0 206784 0 92778160 98 dict of module
7 1592 0 203776 0 92981936 99 types.CodeType
8 319 0 202984 0 93184920 99 dict (no owner)
9 1556 0 186720 0 93371640 99 function

<92 more rows. Type e.g. ' .more' to view.>

FBR THET R SE Julia 255, FATHH T 94MB BNTF. BR T ZHIRYAEER,
AL O AT T RERESL, JIRPRITE AL T,

hpy.setrelheap () o] AR RAIE —ANPAFEET A, M52 A hpy . heap () B 5L
D AN IR AW R ZER . XREVREE T ARG S W7 SURTE Python PIERERME 3L
HINFE ST TL .

2.11 F dowser SZitiE H 25 = B9 SE4)

Robert Brewer f] dowser 1] DATEAC IS 12 17 B84 A4 25 [8] H-18 1 CherryPy $ O #E—
A~ Web AR 55#8 LR HE— ST AR EQWJ@ BAHHB B R ERE — 1 ERE .,
LEARAT AR B AT R P E R B K. XFES T KT R A .

WERARA — DRI T B PR HARTIT R 7 B AN [ A Al R AN EI’J Vﬂ??”’“ﬂ: (ke
WA RS — & web JI 55 # LA — LBl sl — Lo R IR A ), AR AR AT PASE
WA 282, K 2-9,

BEME, RAIFHEEIE Julia REHIMARB KL (6] 2-14) HKESD CherryPy
255 4% .
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_builtin___list

Min: 885 Cur: 1117 Max: 1160 TRACE

__builtin__.method_descriptor

Min: 718 Cur: 722 Max: 722 TRACE

_builtin__.set

Min: 181 Cur: 183 Max: 186 TRACE

2-9 dowser j&¥ CherryPy R RI=KELE

B 2-14  FEN W53l dowser B %K

def launch memory usage server (port=8080) :
import cherrypy
import dowser

cherrypy.tree.mount (dowser.Root ())

cherrypy.config.update ({
'environment': 'embedded',
'server.socket port': port

1)

cherrypy.engine.start ()

TR Z A, FAIFEE SR80 CherryPy IR #%, W16 2-15 fiiR, SEMITE
J&, TATATLATE time . sleep 4EREH G T ——X &ik CheeryPy HEREfRFIZ
7, ARFATT AT AR SEH 2 4 T AS R RS,

5l 2-15  AEIEFIRIHLE SN dowser, X £ E81—1> Web IR % o8

for xcoord in x:
zs.append (complex (xcoord, ycoord))
cs.append (complex (c_real, c_imag))

launch memory usage server ()

output = calculate z serial purepython(max iterations, zs, cs)

print "now waiting..."
while True:
time.sleep (1)

M 2-9 ) TRACE 858, FATHLAT AR 214 list IR A (18 2-10), 3
TR W] AARZER A B list NHR ——XURAE IDE i — A2 Bl gs—FE,
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{ESR AR R LAE— & MR 5 ai LdEAT I A 77 &1 IDE,

36722880 list
list of len 1000: [-1.8, -1.7964, -1.7928, -1.7892, -1.7855999999999999, -1.7819999999999998, -1.778...

36395056 list
list of len 1000: [1.8, 1.7964, 1.7928, 1.7892, 1.7855999999999999, 1.7819999999999998, 1.7783999999...

36722016 list
list of len :[(-1.8+1.8)), (-1.7964+1.8j), (-1.7928+1.8)), (-1.7892+1.8]), (-1.7855999999999...

36722952 list
list of len 1000000: [(-0.62772-0.42193]), (-0.62772-0.42193j), (-0.62772-0.42193), (-0.62772-0.421...

2-10 dowser ERETIIFRDE 1 000 000 MRE

&=

EATE R BB LTI E LT LB R, (2 2H HER—F
HAFE], REARRRAEZEH L —FTHA. EF—AELE
ATH ARG ANREH 2RI P TR, FAERHTRS 0 T4%
T VAJRAL R G 6 E SR

2.12 H dis {£3R#:& CPython F 7545

#HHA LR C AR TREZ M E Python fURBFFEIIN L (445 CPU Al RAM
W) o« Aid, BATEBA F BITERZ AL 7 i 2 T A LR . TG
TR AP B FE A B TR G AT 18 Y e RO ST — MR, I RERE B R g1
IREGHAS . BT ABAELE AR — L8515 1

dis BEHIEFRATREW B B BT 4219 CPython ML Ia TR . ZEA/RIY) Python
RAGIBATRIRHE, TREERINL R A T A0 ARSI R T f# A AT 2 5 e g i AUA% 2
AR B, [FBA RERS B B Cython 3% FERY TH., BBk T Python fITENE,
BEfE A C U1,

dis BiHRNER , R DMEAE—BRIBEE — VB, BT H BTy
5, FEBI 2-16 HHATHFE T BRI INZTEIR,

S 1

A BLIZ R FE R — AR B T8 T BTN — A R 64 AR AD e iR 49
HrhmEeAt k., RELIRECT @49 dis Ao R4 R4 ?
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Bil 2-16 ] WEERY dis BEHR T s T RS Ry HEAUBL

In [1]: import dis
In [2]: import julial nopil

In [3]: dis.dis(julial nopil.calculate z serial purepython)
11 0 LOAD CONST 1 (0)
3 BUILD LIST 1
6 LOAD GLOBAL 0 (len)
9 LOAD FAST 1 (zs)
12 CALL FUNCTION 1
15 BINARY MULTIPLY
16 STORE FAST 3 (output)
12 19 SETUP_ LOOP 123 (to 145)
22 LOAD GLOBAL 1 (range)
25 LOAD GLOBAL 0 (len)
28 LOAD FAST 1 (zs)
31 CALL FUNCTION 1
34 CALL FUNCTION 1
37 GET ITER
>> 38 FOR ITER 103 (to 144)
41 STORE FAST 4 (i)
13 44 LOAD CONST 1 (0)
47 STORE_FAST 5 (n)
# oo,
# We'll snip the rest of the inner loop for brevity!
# ...
19 >> 131 LOAD FAST 5 (n)
134 LOAD FAST 3 (output)
137 LOAD FAST 4 (i)
140 STORE SUBSCR
141 JUMP ABSOLUTE 38
>> 144 POP_BLOCK
20 >> 145 LOAD FAST 3 (output)

148 RETURN VALUE
XA AR E AR, B SIS TR SRR SR A T >
PRas, BN HA AR A S =5 R R R R R4 . BB
THRIEMSEL, BIRIVRITRIC AT RS B B 7 A5 A1 4f Python HIZHL.

XF B FATRSANG] 2-3 Y Python AU, TS EJoRERL 0 IEIf L, A)RA1E
T—PMEAE—ABHESIR, ETR, ERRTAFERPEEN len K, HE
BERE L, FRIERA PR zs, IR . 725 1217, B LA len
BREL, H¥RW THEER zs fERNSEL RIEN RGPS EEH T sRL (zs
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PR BEFARAN BT H 513 ) G5 RARAETE output o, XHLEFRATIA™ Python R
BHSE T TS . R AGRSEE R T — B EK TH# Python RUADEE 471
78 (OMZ for fE3F),
| i

Pk & (>>) IfL JUMP ABSOLUTE wA& POP JUMP IF FALSE
| F454~. Tk A TH) BB MELE R ITAT B YEE E Ae sk b 454,
\

ITEASEFA, WATIHAEE W ZSE s RAERAESS , S22 55 14 R ORI 11 P A
AR T YRR (R R A _L X R AT A

ARBFE, FRNERE

BAGA —F—— LRAF RAE— ) —F— I Za) 7 XL TRE . BR
XA R TR — T4 FRAR, BRIERZTZA

Tim Peters

Python Z 7%

i Python VRA TEEM T RIMIRIIE R . — BRI R AR+ L.,
{ER MARARAY 250 T 20k B — AR Python 88— IHARIES . IBATEIRRY
it L AT RS S0 AN, LR 7 AT BB EL S Y ZE4E

XFFARKZ RIS, 0] E B 0 rEE AN R, X RELE AR B 1] BASE A 20
HRY, WA EE R RS AR, (B2, AR IRSEER IR (H
AR RTEEE) , IR AARTE EERY AT RS — LR B

FRED 2-17 BWPBAS ., EATEMM TR TR, HEE— Do EREHIMNY
Python 47, K HERIITFH.

Bl 2-17  — A ERAER AN — A i R T B[] — > SR A )t
def fn expressive (upper = 1000000) :
total = 0
for n in xrange (upper) :
total +=n
return total

def fn terse (upper = 1000000) :
return sum(xrange (upper))

print "Functions return the same result:", fn expressive() == fn terse()
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Functions return the same result:
True

P BRI — HERERIOR A . — R BAN ((HR AR —EZEATIERE AT ])
BT AT AT RS P R R TS D B I AT ROk SRR T
Vi, FATAER] 2-18 H i IPython % timeit JEEY ok BN & BN TR R RIS FTIN 1]

B 2-18 i %timeit BAEFRATHIR D . HERREBV %L H O SR E R (FHE.
JRE AR fn_terseORILE R )

%timeit fn expressive()

10 loops, best of 3: 42 ms per loop
100 loops, best of 3: 12.3 ms per loop

$timeit fn terse()

WRFATA dis BHGRERA RIS, A%l 2-19 fron, FRATRER 2L
M1 17 ATRPATEA R R, TAUH T 6 okt AT IR I E B R 056
AR

B 2-19 I dis B PR T 15174k

import dis

print fn expressive.func name
dis.dis (fn_expressive)

fn_expressive

2 0 LOAD CONST 1 (0)
3 STORE FAST 1 (total)
3 6 SETUP_LOOP 30 (to 39)
9 LOAD GLOBAL 0 (xrange)
12 LOAD FAST 0 (upper)
15 CALL FUNCTION 1
18 GET ITER
>> 19 FOR_ITER 16 (to 38)
22 STORE_FAST 2 (n)
4 25 LOAD FAST 1 (total)
28 LOAD FAST 2 (n)
31 INPLACE ADD
32 STORE FAST 1 (total)
35 JUMP_ ABSOLUTE 19

>> 38 POP_BLOCK

5 >> 39 LOAD FAST 1 (total)
42 RETURN VALUE
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print fn terse.func name
dis.dis (fn_terse)

fn terse
8 LOAD_GLOBAL (sum)
LOAD_GLOBAL (xrange)

0
1
LOAD FAST 0 (upper)
1
1

o W O

9 CALL_ FUNCTION
12 CALL FUNCTION
15 RETURN_ VALUE

PIBUE I X BIRIAE., 7 fn_expressive () Wi, FAT4E T AHAL B
HH for figFRf T — M3k, for TR SFERF KB IS ALE Stoplteration 577 &
TG % BUGEHE SN total . add_ pR#L, X RMSHES R
(n) HYRA, PFraXfaffaiik—L8Irey,

1t fn_terse () N#B, FATHM T—"MH C BRI ZRRIER L, ERiE
AR AR e B G R T TC A B PRI Python X4, EHEAPRZ, RIfifIA
RAPR ARG PORAIT GG RE (RATRTER 4 BHF|— LR RAEE R ITIE,
RFERIA T EAE R UG U A E)

ZHiPEE, AR —E ZRHRR RIS T YRR AT —— (B A SRR R EE M BE AT R IR
B, ORIR IR SRR S MBS A . 52>] Python BHE&AFE—MNE
F8 B EL AR R AT 7 OR AR ARG 1) AR X HEAR Y . WIPR B A7 AE, IRAEW]
REEA DY — NI RN R 7 g5 T8 SR,

213 L ERE BT R T KR EF AR EE R 1
AR IR B AR HEAT BRI, IR 2 A SR AR W] B IEAE S R L7 T
lan (J£D) i sbR A — Ml T — BRI ] PEA i U, PR A BRR
BT A ZE T BT, dim 20 5 BUAR A S 2 ) B B T B PR A A AR 1 75 22
PACHIIRBURIR . AR BRI — AR AN L.

B T BT, ARIER I EHH B coverage.py, Bt A WLLALIT
BERAIN BT 7 S IR 28 A i s A A o X RT DAL AR AU RN T8 AR 2 A5
TRIEEACRY AR, ABALEE AT AR A BB IR AT AT A IR AR 2 e g

No-op K @profile 1&4fzg
TWRARBRIEEEH T 1ine profiler B# memory profiler fj@profile &
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Migs, A2AREIEITIIA &5 % —> NameError SR IM, J5 2 Bl E
RASNFeprofile Bt AAHIAY F25M8], no-op 1B HHias Al ATECFH I A ek
A, FEVRIA IS E AR AR B, FHAEVREE AR bR e ey ALY
FIH T,

1 no-op B Hfig , VRAT LAIZAT AR BTN AR EB RIS . X EERE 1R 0] LA
TER R Z JGERIBATIRETINR, AR A S BIE— A A L2 R

W 2-20 R, RFEATAE—A ex.py B, BEA—MIIAHB] (BT nosetests HE
) FI— B, XA REFTIEAER line profiler B3 memory profiler
HATYERE T,

Bl 2-20  —>TE7ER ) B BORT— I3 631 75 2 ) 2 @prrofile
# ex.py
import unittest

@profile
def some fn (nbr):
return nbr * 2

class TestCase (unittest.TestCase) :
def test(self):
result = some fn(2)
self.assertEquals (result, 4)

WMRFEA 21T nosetests MHAFNTA LIS 2155 —4> NameError.

$ nosetests ex.py
E

ERROR: Failure: NameError (name 'profile' is not defined)

NameError: name 'profile' is not defined
Ran 1 test in 0.001ls

FAILED (errors=l)
R RAE ex.py FESRIRII—A> no-op BHi#E (VRVT LATESEUMERE 1T 2 S5 7%
RE) . MRAEL T NPT HAT Cprofile B (H &AM
line profiler Hi# memory profiler), MSATAIE I no-op HIA M iz
BSBMALF2E M, 2R 1ine_profiler B(# memory profiler CLZRFHf
R BN AL F 23 [0, B AFEAT] no-op AR B AR s B 20

X line_profiler, FRATAILABIAGI 2-21 1R,
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Bl 2-21  FERATCIHKARIAES T 25 8] A LA BERT line_profiler ) no-op@profile &

ik
# line profiler
if ' builtin ' not in dir() or not hasattr( builtin , 'profile'):

def profile(func):
def inner (*args, **kwargs):
return func(*args, **kwargs)
return inner

__builtin KEREXT nosetests [, hasattr N K& Cprofile 1M
TR LA ASF2EN8], WTEA] ATEFRATA S Bz 17 nosetests T

$ kernprof.py -v -1 ex.py

Line # Hits Time Per $SHTMLit % Time Line Contents
11 @profile
12 def some fn (nbr):
13 1 3 3.0 100.0 return nbr * 2

$ nosetests ex.py

Ran 1 test in 0.000s

%t memory profiler, oA HGI 2-22 AU,

Bl 2-22  AERTTIRARTEZ FAS A H A ST memory_profiler 4 no-op@profile
(i

# memory profiler
if 'profile' not in dir():
def profile(func):
def inner (*args, **kwargs):
return func(*args, **kwargs)
return inner

WA R R AT

python -m memory profiler ex.py

Line # Mem usage Increment Line Contents
11 10.809 MiB 0.000 MiB @profile
12 def some fn (nbr):
13 10.809 MiB 0.000 MiB return nbr * 2

$ nosetests ex.py

Ran 1 test in 0.000
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AN X S A g n] AT B AR L, (HR— BARTE— MR AU r s R i1 b
RE T/, AR S AR IAARE TAERAR T .

2.14  FRIERE S HT AT R SR B

VERE 7 M5 B — LU TR RIS /7 AP RATAE TR IR AU B R AR AR B A7 B
WEA— DAY R TRIREICD . 285 VR AT DA BTl R BRAEIE AR, AR
BT DA AN O i 1 14 B S e R 8k A 2

LG K PAUEMTET BIOS BNERS, FIAENT R SREIRIIZR . Tan EILAR
Ri{s i ) Intel TurboBoost M EH] ATEIRE & U5 RAY I EHRF CPU B I Il BAGE , X
RORE IR B AT R — B ry i B n] RE HE i RN 2R, AR B R SRV 12
I IR e Y PR LYY SETE AN R RE U 1 LRI AR ) CPU
RIEERE . S — AR E AN B, ]

e 7EBIOS LZ2H T TurboBoost,

o FHTHAERGIUS SpeedStep (WIRIRABUR, 470] ATEIRE) BIOS #HREIE)
fIfE

o HEAFHIE (WA BbHEIE).,

o IBITEEERMEEA S & TR A4 {31 Dropbox.

o ZYUBITEERRG A FRE M E LR,

o IETAE, Z runlevel I (UNIX), FALRIEA HABAE S 21T,
o HEIFEMISIER TIRIESSR,

EBBARABSAAT R PR RE AT A SS RORIESE (BGIEDY) TRAYIERSE, IRATIZESE
AU (R RRBE REEE TR E SR ), (HRARXHUE I EYE T #
SPRTE, X STES TR I H F R, POATRSZAS EREMUH R g . 4
IR, VRARIRTR BEERE 0 AT R B 2L e AL B

AETEANHER AR, ARARTE I — BaR AR ZL T H AU B SRS 7 B, AR
RATRES P o —LE RV E AR B S e B IE B S ARIEAT AR B A gl i, %o
KA H HEAT TN & AR, X & OB i RA 55 0. BIE AT AT
RE B HA AR SRR MR T CPU MINAF BB LA S 8 FIRESL AT 3, X LET
SEMARIEE R,
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XFT Web lizg5 4%, HErs dowser Ml dozer; A AR BG4 525 8] P AYRT SR
FrRSEmaT AL, AR ATRE, — & SRR AR IR RS Web [ Y 1K _E 535
ok, XSibtERE T ERZ

B PR AR R BTN B o 1 P A R AR AT A AR B AR o ATATAR A T A AR P T
A T RER R AL B RAE IR R Z . i coverage.py REAIAMRAYINIAE i
TR,

X — AN AR 22 B i A A2 A AU Bt EA T B TT AT AT RE AR TR AE . AN ZEF A RF 45
i 2 — A SO SR AT AL f B — A pickled Xb4e, XHTFHUF i
AT, Tan BEROIE—MLE T REF SEETKSORSCAHE difE——4l/h
MBCRE M 7 Z B, WA e e R R,

NRARHY RIS 2 5 32 2R U MR 20, AR 2R AR — R i T DA o
HATRIERT . B RA) — N REZ CPU Zifras M E A2 A IF RO AR
IRBI AT AEA TR B A QRS A a2 47 ] BE S SN Rl BORE B DR AE 2 )5 28 Uity R 1A
PP A AE B AT N A A B 1l /S L B TR B

IR, TEVERE AT AN DT AL B JRACRS P2 TR R AR R . B AR 4932
RO RAT, T0HERELEARER RS ANE RE .

2.15 INgE

BIAFERRDITEARVNG, IR E LA T A A T HRBIEIRE AR H Y
CPU #l RAM #fi#l, # TARIANIZELAR Python ZUMALILEH A B A AR, X
PRV RE B R ok E il WO b 2 e R AT R R i SR
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FEI3E

SIRMTA

ERAEZFIRERETEE TS )&

o FIRATTAS HEH T ATE L2

o EMIIRITTHWERERM 42

o ZEIERAMITEHRA?

o FIRATHM K HRA A7

o [MIFIERASHIE T H 2 A LB 2

o FRMIZAEAATEOUT A AN T2

5 T RERE P i B R FG 2 T R BRSSP RS AR LA PR RE AL, S
FPEREgR AR IR — AR 2 T AR I BR A 77 2, FRa i RS B X
IR BARLEE . AFERNTRARIEIBLES IR AT REAGE R W YA i), AREATZ
ARART I S o

FNFRANTCH Z RV BAREE R 20 . — B R BTSRRI AE OO T A 1
G o X —TERR I+ R FIIE TR AR P R E L, FATHERELA O (1)
W ZREZREIE] AN, BN DA Z LTy, THZSRM TR 75— X
W PIFREEA, mocdN 2S84,

EFATE B — T Z AR E L. — I EIA RGN AR ER — R T
SRR, BT AT — T X O AT AR R URAR AT AT RO A
A (A FAEL TR, BOLMEREES), BV ENTRZSI T
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RAEFE RO E

IR (e — IR EoTdl) i, RATE e Bt —H A
GENAT (HE— BRI U2 — MR B/ N R 0] 5L PR a4t ) . X720t
AW, BAERGRTUERE, KRB N L. B 3-1 2R T —1
KK 6 BIFIR RGN R, HETE Python HFIFIAICTE TENIRIAR/N, B
PATEZMCHY 6 ki, {URIEH 5 D———DIuR BRI KE,

=HNE fEshmit

A |

LOX0
€0%0
£0X0
70X0
S0%0
90%0
LOX0
80X0
60%0
2OXQ
qo%0
20X0

\\\_________——-—-~\\/,———--_._______,,//

A—MKER6H
FIRREHNIRE

B3-1 —TKEN6NHANARENEHERAI

AT RETERANTI R P AR E TR, RO ATERMERANEZR S TR
A KRR B A A AR 2 BB AT . R BT A A BE R o5 4 AR R/ ey =[] (— A
W7, BEEEHRUIHILL, — AU/ L R BRI R ), FROTAFREHME
FEAAT KT AT ECE I 2R B 5 B Re e AT 1T
| o) &

o RARFn ARG N TLFE G| RIS L I A, AP & ARl & K5 kP AE

| FEHLE?
|

B FRATFHZIRBEH I — o, RREES MR, M+1, Ik A rfE,
(1 ROGXEZ M, (2R RO M+1,) H—TH, R IRIFRELA
WIS TATTER, FTPAEAT M+5 MR REBOL A%, RS2, WRATEEIR
BUAHMEE 1 Ao, A M1, gieil, RERNMEBIRRAEEESNIM
B HABEEERT, BieE—2 (0(1)) EMBEIRIERE, TTeRIMEH
HZK (WH3-1),

O 7t 64 (T HALE, 12KB WAFFT PAGR 725 AN, T 52GB PIAETT LAZE 4R 3 250 000 000 /M |
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Bl 3-1 RRR R/ B FeE AT 2 18] 4 o 1)
>>> $%timeit 1 = range (10)
: 1[5]

10000000 loops, best of 3: 75.5 ns per loop
>>>

>>> $%timeit 1 = range(10000000)
: 1[100000]

10000000 loops, best of 3: 76.3 ns per loop

WARFEATZR B R —DRIRF A, SGZAMRBOEAN TR ? WSR2 RF B
AL, FATAT A B A AR . MERP RRIEE L T, AT AT R
B, B MR B AR AN SRR, ORI B PR R
s HER R HATEZN, WH 3-2,

Bl 3-2 MFNFRIATLRER R

def linear search(needle, array):
for i, item in enumerate(array) :
if item == needle:
return 1
return -1

XANEERRZEGOLERE R O (n) o el Ol AR AE B IA TR R AR VA E TR
I, O THERA TR TR AR TR, ROTOAR A TR TR,
RAFANVER 7RG return -1 184, FXE, XANHIRIER 1ist.index ()
A RIFIE,

ME—FETH I e T RRER AR A WA, BCE UG T AR IR T B A
A, e, BOE, — TS s AR AR, Wit E 5
AR R IR T 488 5 AP, SR I, A EaRH S K,
REMS DA O (1) AR R MY AN A, SERAnt, AnSRARA SR R HE P, &
MEEHRT (BUhT) MTHAD (S4A0) MHESTE, Ba—MiEgEi
BYETT DARHRI IR RIS B % 2 O (Log n) , FRAT1Z BRI 2 A 75 ZHE 7
X— PR, SRMTERELemHEE, SoHp7 R R R s (R HE X v DAL
REVEE N RIG B AR R R) .,

ia] &

SR TR, B-AFEREML 61 69k
‘ [, 18, 18, 19, 29, 42, 56, 61, 88, 95]

Chedl B 2T HEA, AR LT T AKAF B2
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R wRARE LA F o, R4l £ F A PTR SEER T A ¥R
R E . ARTAA A S

31 — 1 EAVHER

RISCHEAER T, ROV EBIRHITHY, SEma TR TR
N EAMTTRE/NT (BRKTF) B, I RS E IR, R
JEEA TR RS eq M 1t 3T, BT DAE E SGX AR
BqBE

AR __eq  Au_ 1t Frik, —ANA P R R ARRE) £ A 63 Rk
AR B e R AT F RN AP A Mt

R R AT R E F R HE R BRI R BA . Python SIRA — R BIHER
SEME T Tim HER o Tim HE7 0] IFERAERS L TA O (n) (FRZEHIL TN O (n
log n)) WEZREHF. Bl T ZMHrEL. MTaErdE, K
RESE M AR RE R CER I, R THAHDT MG HHP 3%
HABFN XA TERE .

—H—PIRPHET , BATHA AN - R REB AT B R (6] 3-3), KPS
OURIRIER O (log n) , B EHJCEIMALT FIFRH AL AIMEH A H PAE HLRE . ansR s
B/ BARME, FATSARSE E ALK, BAIABRESIR 7, EEREBis
EHBCE BREATAET IR SRR HAN VAT BB AR ZRERRS R P
WITTER, MG T — T4,

Bl 3-3 XMEHFIIREIEE— 0 #R

def binary search(needle, haystack):
imin, imax = 0, len(haystack)
while True:
if imin >= imax:
return -1
midpoint = (imin + imax) // 2
if haystack[midpoint] > needle:
imax = midpoint
elif haystack[midpoint] < needle:
imin = midpoint+1l
else:
return midpoint

B RATTA 61



XTI IEERF TN TEAUR B B A 7 SR T SRR IR TR, FF
B LI RAGMELHI BT, o BRETHRER (BERE
O(log n)) HCRFFIFEH IR IGHTERNEE S (RART AR L
2 0(L), FUMEHREIRENE O (n) , MHFMESKEA ERAVE, RATREAR
PR FNXAERR )

34k, ] bisect BB DAVE— DX — AR, ERME T — R R EO LR
A ATECRRFHE R B R ISR BT SR, AR — R i) - R R BR R
HoRESRTTR ., ERROEHI AT AR Brc R BRI AL HER 7. 7ESI R 4 HE
FREE oL, FATR ARSI TR ZR TR O BIAAUS AS LATE bisect BB Y
FHRE) . s, FATTAARF R bisect RBRINTH) HAREFIZIIAIITT
R (Bl 3-4) , XATIREXS T HAMARUEA 58 & — R RS R U A H

Bl 3-4 ] bisect BEHAES K AP A FAE T H i (E

import bisect
import random

def find closest (haystack, needle):
# bisect.bisect left will return the first value in the haystack
# that is greater than the needle
i = bisect.bisect left (haystack, needle)
if i == len (haystack):
return i - 1
elif haystack[i] == needle:
return i
elif 1 > 0:
g =1 -1
# since we know the value is larger than needle (and vice versa for the
# value at j), we don't need to use absolute values here
if haystack[i] - needle > needle - haystack[]j]:
return j
return i
important numbers = []
for i in xrange(10):
new number = random.randint (0, 1000)
bisect.insort (important numbers, new number)

# important numbers will already be in order because we inserted new elements
# with bisect.insort
print important numbers

closest index = find closest (important numbers, -250)
print "Closest value to -250: ", important numbers[closest index]
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closest index = find closest (important numbers, 500)

print "Closest value to 500: ", important numbers[closest index]
closest index = find closest (important numbers, 1100)
print "Closest value to 1100: ", important numbers[closest index]

BRUL, AT LT S e B A N e TR ) S 4 A T SRR (8
B BN TR E B R U VR A7 AE B e AL BR 454, (ERAE X e 4
T Z TR HEAT e AU P BE AT R LAY 2R .

3.2 ZFFMzTH

URARINFEM ST AL T AR R BAHREE , AR AWM Z REA 4 K517 FE X5
BEIT

1. PR, ENZEAERKE (BEEHNE TR .
2. JUARHSHAL, eNAAZ, HHENEEEE— e E IR,

3. JTTHGATT Python s TR, X MRE AT ERK M ST4L N Je i I WA 2
SEENAT.

XEEPAER T E RSO R St Tk — A SR F YR 2
ANENE, MAFRAPH TRFZ D M R B E A . n, RF— ik
SHEAHTCH: ENASEE, RSN EREMAIIER TSR, b
BRA IS, FE, RE-DZSTRALEE G T, FAARKRE
HRET AR Z I, 75— I7 T, BRI A RNETE R SR B AR 4 7 GG A1
PRI BRI/ N 20T R AR, (BIR A FIR ] — Ml

EFFREERY R, FIRNTTHM AT AR ZIRG I, RASER], XRHR—LEH
AT B k> — BERTBERY AL . SR FRATT 38 ) BRI A A BT 2 Al — 2R 2, R
2HA] ARG SETT ] . FRATRFAESE 6 Bihe Ui d (] numpy R AFAITT
SRR, Aoh, W T AR IEEE, oA — AR, i blist Ml array i
BEAS IR A LETT 8 o XIS T FAMT ARG SE T AR R P RR R AR ) — A 25
ALl AU & RN E AT AU R R .

Tk, BRIV R ABCE RN AR, TeH B rT e P RS 7 — R R
BRIBIRE , XEWREFHENATERZANAITH, HERRIEERE
FHIE M FARF S F BI5 R AT T A7 E N7 ZNY A7 LA B A
M ENTHEZHIMNITE.
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3.2.1

Q%T@éﬁﬂ'ﬂ@]%&%%, thi ik B FIR? A4
AT 20 AR HK.

hAZIEZ LT

AR RE. X .

—/NAEY A H Fe A 3,

EhEemBpRNER

— A5 GIRBFRGLER

AN

L

—

M, AARFRHESHELFRKE.

k, BAHERRTITEK.

o B A X AE A

4, BAXLEELZHESGATRKE,
, AARERFSY.

28
. Bk, BASH L HRMAT (L E, RANTOMER —/NTH
é’J &, B ABANHERGEIERDLE, (22 ME BRI L,
EMEE B M| EZGKE).

EhASHAE: JI%

SR W

—HIMEE TIIF, FAD ] ARG Z RS S A%

>>>
>>>
>>>
(5,

numbers = [5, 8, 1, 3, 2, 6]
numbers[2] = 2*numbers[0] # ©
numbers

8, 10, 3, 2, 6]

O WHifrd, XAMRIER O (1), FINFATH LASLRIHREIZE 0 IS 2 SRR fR AT

HUEIVA S

AN, AR AL 5 RS IIE O RE R 3G N N

>>>
6
>>>
>>>
(5,
>>>
7

len (numbers)

numbers.append (42)
numbers

8, 10, 3, 2, 6, 42]
len (numbers)
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KR NSRS resize B, ATDUEMBARMA R, H— K/ N
PR — IR FTEIMEHEN, Python SBIE—NHFIER, BB RN N A
TR WLBONGEIRMATTR . Ak, ERRaBiFAR N+ ATTR, e M A,
M > N, RURN T ARG E 26, R)EIHSIR BRSO 2 o=+,
IFZ R BB B8 A B LoReiid, 26— RN T i 2 Jm S22 I T 46
e 3 1 B S TR O TR AT AT AR DX — T 2 [ ) S A U I DA B A A A2 Y
U, X—RAFRER, FOAWAAEHI A REIRE B ot, Frle 40 F R/ NI K
PR . 8 3-2 7R THE Python 2.7 HX — &7 B MEEA - 7 Fo 2 [ 22 5B 3-5,

BEIROTENE ‘ EU ﬁﬂlﬂﬁgﬁﬁﬁa

0 2006 4800 6600 8006
’ FIRRHRE

B 32 BPERIXT—TREXNNIFIREDESVTIMINITER
5] 3-5 Python 2.7 f) %1325 [0) 43 ic A =X

M= (N> 3) +4 (N< 9?2 3 : 6)

N O 1-4 5-8 9-16 17-25 26-35 36-46 .. 991-1120

M 0 4 8 16 25 35 46 .. 1120

IV B NEAE R, , FATA AR A UM S (8] 38 I R A A &, N,
FATRSAMEE, N SRS RKERI N == M, U, BABOMYZE ST
A, BATLARE— A E 2 BN FR B SR XD H IR A SRR/ M
B 3-5 W9 Pn, RIGBATRF IR = H e == 1),

X— RIS L 3-3, %E I RR T 3-6 IR 1 S FRAE,
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Bl 3-6 BRI

1 =11, 2]
for i in range (3, 7):
1.append (i)
%1‘:
JIEXY

X =R ERELF —REFN R DR AFN, A7 R A
BIERT, doA[fl, SEOLEHZLAZEEN.

BHMIERZS A BORUAER /D, (HE MR 20, SIRTELE R L /N R e —
AN EFERIFIRR, XSRS E3E, WERIRA14ES 1000000 M11FR, B4
YIFHEEE 10 ATz, IARNTATRER R AT 10 000 000 MNSTERINTE, Hi2a
RAEMHESIRITH T append #4E, k5 HEINAERTRERZ 16 000 000 M~TE, [FEE,
XF—A4A 100 000 000 PNTTEAIRINZE, LhrirfLAInEER= 112 500 007 TR

1=02]

1
2

l.append(3)

1 | P

2

wlr~] =

l.append(4)

S ) ) [ Py
E

l.append(5)

slw|l~o] = |e

le|lwn]lea|w]~] =

l.append(6)

.o\maww_.i
—]

B33 —PIRESTARYEIZRILTHA
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322 BAHME. T
JCAEE HAT AR, IXEWRE— HorH e, MyIERAR, BRNATTEMIEL
3 N NS I 7 5 A

>>> t = (1,2,3,4)

>>> t[0] = 5

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: 'tuple' object does not support item assignment

BEIRENIASTR SR, B2 AT AR ST & FH B — ot X—
BAELRMIINERR resize BAE, HBMNATFEH A A TCH 2 BAL MBI

ZS|A] ;
>>> tl1 = (1,2,3,4)
>>> t2 = (5,6,7,8)
>>> tl + t2
(ll 2! 3/ 4/ 5! 6! 7/ 8)

ﬁn%?ﬁﬂ‘ﬂ%ﬁﬂﬁﬂ%% append #EHE, RITLEFEHWREIRER O (n) MAZ

PR O (1) o XRPAXTCHBAM— DR RE A B flRAE, AR
ﬁﬁﬂﬁﬁlﬁ‘iﬂfﬁjﬁ%ﬂﬁ STEFRRI KA. BTUA, Tt A S fit—1-3{8l append
H G HERAE, AR TT AU I AR 23R [0 —ASBr 2 oA T4l .

AR AR K MRS 25 (B R 3 Ab 2 6 T BB R . — M F i append
EAERI/INA 100000000 /951255 FR B H T 112500007 BITCER I NTE , TR
FEER R o IR 2 5 F 100000000 ST ER I IAE . X 15 o200 T# S8R 2 — 1
R R,

75, BIERAIGE PRI BA # M append (2 A append #fE T
ABISNZETE]), B A B A AR TR AT R B el . ORI MBI R T 20
FEHEZ XTENE HREHFEERIETHUA resize, BAX—HIMIFEMRD
(X—PEITR), WRIFANTEILATT IR, BIER AT 2,

U IS ERE R B — MR BFE— 6 &7 Python 5 & KL . WIHET.
Python @— [ THIRIEIES, XEWRE L —MEEAFHEMEH S, Python 2¥F1%
RN NFRI R E RS, MM (BUEE) (1. A, Xﬂ%:f“
S 1~20 Wood, BMEEATIATMMER, BN RIMAX LN G RS, T
R A . X IRE YRR TFE RN F TCHET ?ﬁ1l‘]$ﬁ%%fﬁl?§'%
YER GBI — N AABEEE, HARINCEA THREYNT.
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RXF ERATRE AR IR AL, (E5E BRI — MR AT a T . EATR A
PG EE, RO ENTAT DA BREVE R GEATACE, Ma#HRAER 6], B
3-7 BN T W — PR AT IR AL — e 5.1 i —— AR — MBI,
X ZE B AR IE R |

B 3-7  FIHGACHNRAN SO A I B X L

>>> %timeit 1 = [0,1,2,3,4,5,6,7,8,9]
1000000 loops, best of 3: 285 ns per loop
>>> S$timeit t = (0,1,2,3,4,5,6,7,8,9)

10000000 loops, best of 3: 55.7 ns per loop

3.3 NG

BARBRIRA — D FERIFIE, 5 R AN TR i et 48 ) T DAL B 3
PR TP AR . 50 14 PR U A T DA [ S 7 3K A 5 4 4 PA) 0 2894 14 1 A«

WMRKFFEM, AR O (1), BT BSH O (n) FAMER, FIFEA
PATCAE RIS, AR 75 B L) 6008 450 70 TR 4 /IR B PR Sl S AT R T AR AT AE T
P, —Jrm, ST AGER R, HICAFRNBINTE, N2
B, E25 6.1 4, NI e Wil i > 51 R B0 T A7 SR IR % append
25 Python FIFRAHDRAGAH, I 2] — L HABRY PLAL T BORHS BY 4 BLX 28 ) 7,

TE N —F, FA TR T H TS E M, & AN o AU il 1 Je P 2dia iy
R/ AW
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ERAEZ FIRE L EE T 5 E &
o TFHMEAKBEMTHAEIL?
RS R AR 42

o TFHAYIFEITEMREL?

o FRINMIIL AT SAYIERE?

e  Python WAl {8 Fl 7 BT SR i 4 25 (A2

MR — L T0 7 B BB AT A] DA ME— Eﬁ%‘*%lﬁ%ﬂé%lﬁﬁ (fEAaT ] AR LS ) 2
AT ARG XS, REINGEE S —DFERFS), WAL T2
SRS, R INREFR R “H#”, ﬁﬁ@dﬁ%ﬂzﬁﬁ “H”, FHMES LT
—H, RREGEE FHAEEE: —MMEA RN R RN A S, gL,

SHEEEH TEARE,

g%

TARBI G XA R —FF B EIT _ _hash  FExHHEUAK

_eq HK_ cmp_  MHFZ—WEAE . FrA 49 Python RA XA HRE

T e, mAF G ELENIAKAGE, 414 FFLNBES5

.,

+t

1eb—%, JATEBXRPRAMBSIR STHR R EREEZ O(log n) (]
WREAE), T IAEGRETRAEIRN AT ARSI 0 (1) (IFE. FOUXHE
290 (n), MRAELTRSCHWTR N O (1)) FYZEImFE], BRitz4h, FI5IR el —H,
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FIAE SRR 0 (1) ", 76 4.1 WIS FD), h T a8, ©
IAEIR)Z B ] i R 454 2 — T o R R

SR, AT HMESA IR, BRElE8ESSHEZNNG. R, SR
NEHE ISR O (1), (HEERRAE EEAROR IR T A T BB | R 2. SR
PRE B TR BN, BATE T IS A ST AL R L S AR 1

WEFATE DO BORFANFEZA M — A BE R BN AR EE, I HAES
FERF AR AL B 8 “John Doe BB S 247 ™ WERMAZIER, JITSFHHE
TSN FRIAEITAET L E RN REAIIE, W6l 4-1 Fs,

Bl 4-1  FIRAW HEIEHE
def find_phonenumber(phonebook, name) :
for n, p in phonebook:
if n == name:
return p
return None

phonebook = [
("John Doe", "555-555-5555"),
("Albert Einstein", "212-555-5555"),
]

print "John Doe's phone number is", find phonenumber (phonebook, "John Doe")
B
BT A7) FHEF 50 A bisect A3kiRAF O (log n) #HfE,

HARME I, ROTATZEAG TR “4", LIRS “E”, Wpl 4-2 Frx.
RXAEFAAF AE I ) A AR AT AN 1R Z R E R EES UH , A2 LB R R b i
BE—ME.

Bil 4-2  “FULAH GG
phonebook = {

"John Doe": "555-555-5555",

"Albert Einstein" : "212-555-5555",
}

print "John Doe's phone number is", phonebook["John Doe"]

O FRAVEFE 4.1.4 hitie, FRMES THKBEMTEGREL, GRS ITES ] R ECT A BERIECR
BA 0 (1) Wit ERE, B2 ZEdRREB N FRAMEGEARSA 0 (1) fRiF,
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PR AEEHER YL, FHLAY O (1) MR O (n) RIERE (B bisect
BRERJEH) O (log n) ) ZIAJAY XA+ rILHEY .

S
L3 — A B AR LA bisect F & fad ik b s 53892 L
EhRTIE], %A KN KRy, B A A e T ALY

F— I, AREA T B A FEUE “FA IS e 2 AR AT T K
Il CARE S AT RE ) o DS Al 2 — R A A & —— X IR 23 2 s
AR JENE . XERETZIRA DL Tr S8 — DMEEIRXT L, S T@RBIR M X — 8
P, BAVREAFAE R ES— 2T IFMEMTA 2 5257 R, ol 4-3,

Bl 4-3  HFIFEMEEERAR ST

def list unique names (phonebook) :
unique names = []

for name, phonenumber in phonebook: #O
first name, last name = name.split(" ", 1)
for unique in unique names: 42
if unique == first name:
break
else:

unique names.append(first name)
return len(unique names)

def set unique names (phonebook) :

unique names = set ()

for name, phonenumber in phonebook: #©
first name, last name = name.split(" ", 1)
unique names.add(first name) #+O

return len(unique names)

phonebook = [
("John Doe", "555-555-5555"),
("Albert Einstein", "212-555-5555"),
("John Murphey", "202-555-5555"),
("Albert Rutherford", "647-555-5555"),
("Elaine Bodian", "301-555-5555"),
print "Number of unique names from set method:", set unique names (phonebook)
print "Number of unique names from list method:", list unique names (phonebook)

0O k1 Wh/iks [y IR & — T, B A — PRI A2 O (n)
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0 XH, HATLA BRI TR CRBA 7. AERERE— AT, WA
BRI THIR, FAIAEERE T FIA TP P, B3 i i A R IR gom ) .

O XMTEEA, AT B L T AR A, 1 T I B A B 2
5. WNEGHRIE T e SRR, ARRREN—ACA T, %0
ARttt . 7oh, X—HENRMZ 0D,

YIRBEFEVNIEIF 2B unique_names, BMEIIRIFHIGK, FEHRIFE
T, AN TEREWE 1, RACHKREASEKIRETEE /N, XA A
WEERE D ABIEKNY R ELERREEEINE 2T, Bk, =
BEAFAEA O(n log n)WEIRE, FAIMEFBTIEGE O (n) M NIEITT
MR JZ O (log n),

B0, EERBEANES, TeRIEEZ K, set.add #AEHA LAFE—4
B AR e i, B— DU O (1) pid e (RT XA, FATETHE T L
AR SEPR A — LT A ES ) . I, XX BRIk
FRTTEOE N RIE RE D, AN ERARSR R O (n) .,

FATH—EA 10 000 425 H PAK 7 422 ASME—44 51 FLIE #0HX AN SEE A T
i, FATSEF O(n)MO(n log n)REAZ KAYZER.:

>>> $timeit list unique names (large phonebook)
1 loops, best of 3: 2.56 s per loop

>>> %timeit set unique names (large phonebook)
100 loops, best of 3: 9.57 ms per loop

Wi, EAEEREREZIFRK 267 65 BHb, YHEIEHEI/NEGKE, EHER
FEFHAEE I (X T—A-HA 100 000 P4 H PAK 15 574 NE—2 R HIE#E, X
—2EH e 557 %),

4.1 FEMESUATIIE

FHAEA B F KRG 0 (1) WERMEA, REREX R F AR
IS AL RO s AR — MEE R (W — DTS —XR) FRm T —4
PIRINZRG], B R BB IR RS n] AR R o E AL BRI AL B, AR
A IR N ER A B AL A ] AR VRS R RS IAAR Y, A TS 2] 1 BA 3%
—HEAPERE. T E, RTIAERBTERNRT] (EARTRR T EIRR SRR ) ,
AT AR A SR 5 2.
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4.1.1  FNFAZREL

HTRE—AEINEER, BAVEA NI R, X A A, X —A
R, ARFAN VAR ESE AL, BT ZIREN R 895/ NI R 3110 %k
B AR (URA D ERIE SRR R RN) BIAT, XFHGIZR, JA 100
B ICT I SRR NS N AT B P H(L E

T ARG A BT RAR R A R SR B E DA B (B ] R A X 52
LA, SR PR IR A TR AR, 1 OC T BT R R A RO (T M R A5 E— A
OEERT ], YRR T IRIE— AT A AR BT Y B 5 4 BT A
A . BTRA, WPRIANTBC T 8 DERAYATE, MFAIREIER 28957, A4
EREARMPEREGZ 28957 & 0b111 = 7, WREANTATFHIERE] TFHE 512
BWNAE, W2 HA R 0b11111111 (#Emf, FAISMEM AT 28957 &
Ob11111111 fyff). BUEHANFEREX MBS CL N, R E2EM,
FATAT DARF S FIME I A — A7 HR, FRATORAT A2y T FEZRIUR B PR AR AT 2 IE Ay
AOME. AR 2B, EAR AR ELIR TN 17 Bl AR EANSE (f 1 ER) cmp
PEATHA) , BRI — (X C AR THOIER Y, BT AEERE, Zm, 40
RIEAME, I2FNFTERE) 8 AL RO H .

N T HEHRIRS], FATH— AR R R ERBOT B — I RG], Xk
PR AR, Python FYRRARHLAH] (] T IR AGHIIME R S AL Ry GEICHXT T Z HiR
MRER 8 WHGIZER, BT HMAEN nask = 0bl1l = bin(8 - 1), F&f]
AT 5 3 A bit EARIIRERSG]) . X 2 Or R (A — RO E A
B — A E F IR R AR B, X R RERT B B IE AR R ARl . 2B BB R 51
AEARZ AR, A, FEEERSITAT ZEET &G EIR
SRR RE S R B I S AR R P . B AT R3S SRR R A
27, THREOIRBRIEA K. Bl 4-4 PRIDIESHEE T CPython 2.7 W {8 i Y HS
RIIWITE

il 4-4 AP
def index sequence (key, mask=0blll, PERTURB SHIFT=5) :
perturb = hash (key) #©
i = perturb & mask
yield i
while True:
i = ((1i << 2) + i + perturb + 1)

O FERR—ATHERIE, FIRENT S — T, e, 0b1111101 & 0b111 = 0b101 = 5 bR
0P111 W T4 001111101, X —#AEW Al ARE 1R IR — M R AR LAL,
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perturb >>= PERTURB_ SHIFT
yield i & mask

© hash JR[E| 2R, 1] CPython HSEFRE) C AU A2 IS SRR,
I, XEBONAS I A 100%5E 4] CPython 94T R, (HE2— AR,

X —WRR R BRI SN TAR B U, ELMERR T, ik 1= (5
* 1+ 1) & mask, 1PIREREEGIE, FEPHER S XAMEN T 2417
e REE, EEARIC R T ARG T T 2
JEHATA (e, WF—A 8 uRT I, FANHRER i) 3 HEE, Bov4m
FERS 2 0x111), XERE WA RIBONERG 3 R, IRAAG=
T —ANRESE, (RIS R R R 5 79 @ —FER) . Python (RTINS &
% BRI ME B 2 1Y FURR AR i i — ) A

BIEANTER I EA B — DR 45 BB S BE—DR T [T
R WRAZRTIRANCCE RS (EMARIEN AT SRR IGA#) ,
ANV R EAME WERAT G, FATHFE N REELTEHRSG, B
BNV IR S E] 2, MR BATHREN 20, FATHT AR EA
AR .

B 4-1 2R TAERGIERF ISR . S BIER A eR B S G S AR5 —
TR, FATFIA T Python ) ord sRECRH AR — NFAFFE B — AL (R
R AUREIEER) . FAE 4.1.4 FHRFREE], Python N H R ZHRAFRME 17—
SRR, FrAMRTEATA CHRME—A, BRARRERLEmIE LT .

A “Barcelona” B &4 T —/MhlffE, HGI 4-4 B ZitEE —MHNRS], 4
XA F L) Python UHS ILGI 4-5,

Bl 4-5  HEXLHDREL
class City(str):
def  hash (self):
return ord(self[0])

# We create a dictionary where we assign arbitrary values to cities

data = {
City ("Rome"): 4,
City("San Francisco"): 3,
City ("New York"): 5,
City("Barcelona"): 2,

}

@ 5XAMER A LHRAERE (LCG) W—ANEE, T RAE MBI
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key: Rome

key: San Francisco data: 4 [~

data: 3

key: San Francisco
data: 3

key: New York
data: 5

key: Barcelona /
data: 2

key: New York
key: Barcelona J/ data: 5
data: 2 -=-

B 41 BABSIRNAZENWENSER

Y A

TEX B, “Barcelona” il “Rome” &4 THGAE (K 4-1 B8 THEABRIZER),
TATER, X T— AN TR FH, BN Z 00111, “Barcelona” &%
R 28] ord ("B") & O0blll = 66 & Oblll = 0bl1000010 & Oblll =
00010 =2, [A#E, “Rome” =AM &G| ord ("R") & 0b111 =82 & 0b111
= 0b1010010 & 0blll = 0b010 = 2

| 2

X T @A, i) atdg:

| 1. EE—ANAF — AP 4-5 069 F 3, 2T “Johannesburg” 4
1B R EA? ke RII R4

2. MIBR—ATFE — R 4-5 612 F 3, defTAE “Rome” 4E
BIMIR? E4xt “Rome” #= “Barcelona” 444 & 16 24k JofT &L 227
3. #KF|EEIE ——F JEA) 4-5 QA F I, XA 500 NEFERE
BIRTBIEAFI R, BT SH SV R#KF AE? 1000 AT X
HofT? ARGET A | —FF 7 R P ARAEIE R 22

o
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stF 500 AR, KAH 474 NFRAEZLSRIFHMAEAF R
(500-26), BANHKIEEH K2 500 /26 = 19.2 Nk 52 £ 52,
stF 1000 AR 02 974 KEEAE, HAHKFIMEA 1000 / 26 = 38.4
AmTEZ Xk, XRE AR HHRAZM LA T EFHHK
18, XBEEEA A-Z, R 26 M #IME., XZRA—RE
MEFHRS 38 AFHHRKINEANME. HTHEX—4&, &K
N 560 H Fe IR T 849 ot T 0 R 3G hnoT G0 4CFMA . BRIAWI F 4 B 3K
5 B A AN FHAERIEN TR E R K. 4.1.4 F
VA % R,

4.1.2 kR

B—AMENBINFEF PR, FNTAGER A E —A> NULL 2 77 80 M L,
RORPFIAFATE 2 NULL SRAE N RR S R R 2 R e A, BATATE —A
FAIRRIEARZ N I B 2, (BHS ] REIEA B P O R I 4 A R X L8254
] PATESR KA A B IO 2R 2 R N e o

413 HIHIN
2 T B AR, 224 B O e NTE R, BE m— R
W = 42 R A S 1 24000 R R LA R P Bl 6 5
B, 24—, ERARK, b THE— 0, BB EA
(% (WALRENT P E S0, SHERREES R, NETWFE
TEEWEFEALR, EEEHHER], NSRS &8s R s
B ERME, UOHOIRIGR RS R R, B R R AN TR
(e Y AR 0, A UOB AR MRIR 0 (1)
F ISR MCBER 8 (BREEE, BV R 3 M, Python 544
IV 8 ATEE) . FRRECE SN, IOAECHINEIERA 4 15, EEKH) 50000
NTEE, 2RI ERAY 2 5. SE T FE AR

8, 32, 128, 512, 2048, 8192, 32768, 131072, 262144, ...
LAV B 24— 2K N T i 2 B/, LR, SR
BIF P R L TR MG, RSN, (B2, SO I LA BTN,

4.1.4 HS|®EFNsE
Python X5l # AT S, BN ENTCAA WA hash_ F__cmp_ i
B, WTHFIM (int il float), HAMEMEETENRFILAHE, TTALM
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IR T E NS, TS — T, FIERREREE, BT
DA, — BB HOME %A 03, HCHOR B AR Y s, Hshias T e D 3
R,

A E SCEIA —NEOABTES AN L B R K, BOARY__hash_ pRfE I EERY
id pRECR AR RAENFH AL E, [FRE, _ cmp_ BAERF LB XTRAE N
HH ) O B ) L

XM RV AT A, BA— R SE 0 —oR A F 8, A SE3HT)
fill% , SRIMAERELEAF L P RATS LM set B dict XRRIEIRIE Z AR
X, WTBIHZEE X

class Point (object):

def init (self, x, y):
self.x, self.y = x, y

WERFATHAHFE R x #1 v LFIZ S Point X5, BENTENAFHRMALAIXTS,
& BATENTFPIARIALE, WillA & B AFENEEIE, EERERENBIA—
set 2 FFENABEE — ML TE -

>>> pl = Point(1,1)

>>> p2 = Point(1l,1)

>>> set ([pl, p2])

set ([<_ main .Point at 0x1099bfc90>, < main .Point at 0x1099ofbd0>])

>>> Point(1,1) in set([pl, p2])
False

FATAT ASR AL — D EE T X5 2R T AN 2 X RAE N A T A2 B B 8 ORI eR Ei0ok
FARTRIX AN )8, HIO R O] ARAE R R A, HEBEER T [ — DX RAGA 25 ) [F] — 1
BOME, (BORECHREAZR, RIVGHESMARTE,) FTHEFEEXT
Point 2, Z5H T IRATHIEALER .

class Point (object):

def init (self, x, y):
self.x, self.y = x, y

def  hash (self):
return hash((self.x, self.y))

def eq (self, other):
return self.x == other.x and self.y == other.y

RXIEFRA TSR A 57 S P B A I H BB LA Point XA NARIE L A2 HAE M
FmAiE ARG

® HFZ15 5 W http://wiki.python.org/moin/DictionaryKeys,
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>>> pl = Point(1l,1)
>>> p2 = Point(1l,1)

>>> set ([pl, p2])

set ([<__main_.Point at 0x109b95910>])
>>> Point(1,1) in set([pl, p2])

True

ZHIFAIHE R RE RS2 2], — AP B R B TR ZA L E Y 2350 1
PSR ERS il Al A S S PR IR A PERE . AR RS BORERA AL, ARA
FATEAR WK HAMRGIE, AT RETRZAE 7L A7 AR — 7 K0k 345
Wb, RIMEOLT, T TA AR, FRAWAPEREZR O (n), B
BRI R — IR,

USRI IHE B R BN FE A 2 AE T S A7 i 5000 AME, FATLIERE
NP HARFPAFEE— RN 32768 MESIZR S, FrPARNIATEGIE R ARG 15
MRS ETRIIPEE W TXMIDIEIIER, B2 bin(32768-1) =
0b111111111111111),

i “HATE RO SRR AR ERAR O e B . R0 E SO

S= —Z p(@)-log(p(D)

p (1) ZEGI R A 1 AR, ST EIEAT A R Rk ik
R IR, — MK I BRI e e s R, O EARIE T ARy
IEE RV 188

X IRS R 7L, BRI R RO SE SR S e B, 12 R — AU
ERREBAE 5| —NEs P M IR o595 K, BT AN & 6 HT R E R BT
AHEE. T, SEMEWNET, RAEAAGRIEE MRESIEA S,

Aid, WRBEATEEA RARH T, AT TR A RAXERRIE, e, %T
—MEANUA TR T, RAVERAERRZ 00111, A2, 7 5 WEBIER 5
& Ob11ll = 5, |ij 501 WHHIMERZ 501 & O0blll = 5, BEfIALFH SR,

g5

AT RE| KA N ey F e, KA E RIS ZFRRFF =2 =
HOIRARAREL (N * 5/ 3), RERI|GeiH X/ N ey F )
(8; 32; 128; 512; 2048; 5% ) F4KI| R MRA X —4LF 49 bit 49124L. 1L
%o, 4oR N=1039, ARARMEV FZ 1731 M8, XRRERNGTH
A 2048 ANHF. R A¥AhEEZ bin (2048 - 1) = 0b11111111111,

78 F4E=



XFFA RN T BERTFAE— D R EE R B s 4. Ao, $ B OV IMEL Y T
[ DA S 7 S /N AT DASE B F AT S i e b, AR IRAT T EAE T L A
fig It 676 MIUNGFHALE (aa, ab, ac %), AR 4-6 i —EFAIHIZY
PR

Bl 4-6  FARFEERS ok 4L
def twoletter hash (key):
offset = ord('a')
kl, k2 = key
return (ord(k2) - offset) + 26 * (ord(kl) - offset)

LN 0b1111111111 i (— M HA 676 PSITERAY 7L %ﬁﬁﬁ—f—/\ﬁﬁ?ﬂa
2048 (G| F T, HAEME bin (2048-1) = 0b1111111111), XANEFH LK
XFAEBEPA NG TR 2 R A Bl

B 4-7 +r B RIS T — N B E S T IR e R e SRR
— IR (SERr 2RI EL ) R REIAR 1R 21.8 1.

Bl 4-7  GFIREIA oR R R TR] X331

import string
import timeit

class BadHash(str) :
def  hash (self):
return 42

class GoodHash (str) :
def  hash (self):

mmn

This is a slightly optimized version of twoletter hash

mmn

return ord(self[l]) + 26 * ord(self[0]) - 2619

baddict = set ()
gooddict = set()
for 1 in string.ascii lowercase:
for j in string.ascii lowercase:
key = 1 + 3
baddict.add (BadHash (key))
gooddict.add (GoodHash (key) )

badtime = timeit.repeat(
"key in baddict",
setup = "from main  import baddict, BadHash; key = BadHash('zz')",
repeat = 3,
number = 1000000,
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)
goodtime = timeit.repeat (
"key in gooddict",
setup = "from main  import gooddict, GoodHash; key = GoodHash('zz')",
repeat = 3,
number = 1000000,
)

print "Min lookup time for baddict: ", min (badtime)
print "Min lookup time for gooddict: ", min(goodtime)
# Results:

# Min lookup time for baddict: 16.3375990391
# Min lookup time for gooddict: 0.748275995255

[a) &R
| 1. GEBAAT F—ANHIRF I (BA A FRIERD ), 18 B E1E A
| HIME RS EH AT,

2. GEFAH] 4-6 89T REAT T —A KA 1024 6985 R AT £,
A2 e xt LI R TR

4.2 FHINEA T

FHATEIRR, A, FEADERRHEEX 2 M ARA DS, BLERAEAT JE L
BERASAT—HF . Python 7Efin 44 25 AT BE Aty B thaxX — A0, e B T 5
HAATEIM,

#5224 Python ViAl—AMAE& . PREEBELAT, #A — AR E © LR A X
sexige . G, Python 4K locals () i, HNMBRAFETITEAHAERLH,

Python £ T RZHE S AL A HbAR B A0 A SR, T 2 B 4R B b fE—— MR TR

FMARAERS . R EARFEARALRER, IPASHEE globals () FilL, F)5,

WERXT R WATEARE, MR builtin X5 EHER locals () fil globals ()
AW FHIMN__builtin_ M@BEHNTS, FEHE__builtin__ H—4>
JEMER, ATHSL R R ER locals () FH (XF A AIRIHLNT G A2 4
#REL!),

T AEBAGENAE , LRV — MR T, 4 R A S )66 A
(1 4-8), FRATATDAM dis BEbe (B 4-9) T IR HOHK B AFHO PRI S8 v 425 2
HRE AR,
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Bl 4-8 A A (A A

import math
from math import sin

def testl (x):
mrn
>>> $timeit testl (123456)
1000000 loops, best of 3: 381 ns per loop

mmn

return math.sin (x)

def test2(x):

mmn

>>> $timeit test2(123456)
1000000 loops, best of 3: 311 ns per loop

mn

return sin (x)

def test3(x, sin=math.sin):
mrirn

>>> $timeit test3(123456)
1000000 loops, best of 3: 306 ns per loop

mmn

return sin(x)

Bl 4-9 s 2 (B A fEAT

>>> dis.dis (testl)

9 0 LOAD GLOBAL 0 (math) # Dictionary lookup
3 LOAD ATTR 1 (sin) # Dictionary lookup
6 LOAD FAST 0 (x) # Local lookup
9 CALL_FUNCTION 1
12 RETURN_VALUE
>>> dis.dis (test?2)
15 0 LOAD GLOBAL 0 (sin) # Dictionary lookup
3 LOAD FAST 0 (x) # Local lookup
6 CALL_FUNCTION 1
9 RETURN_VALUE
>>> dis.dis (test3)
21 0 LOAD FAST 1 (sin) # Local lookup
3 LOAD FAST 0 (x) # Local lookup
6 CALL_FUNCTION 1

9 RETURN_VALUE

A% testl W R math FERVAM sin, RIS AIEIER I H
Je—A> math BEHE) 5| D ABERA  SRRFERL R EIET R R A i, EE#EF] sin
AL, BAPRAD TR THREN, KA math BB, —RIERRPER
sin K%L,
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7—JiH, test2 N math BERENFAT sin K%L, HIKZRBEER w4
A P RCE I KRR FATR] LABE SR A 3A) math AL 5 Seh) SR A i
Aid, BEREAEERGASRER sin K X5 —PROTZEMRE
BAFARBHEH o XM DAL B T3, RS ] DURIE 2R 25
TR B2, i H A A

g, test3 EXT sin WECH—NMSHOCHY, HIGAMER math ) sin
BREG I . BATRNIKATEAE R P A X — R 8, EUE test3 WA —
KBUE XN ER . 25, X5 HABGASEOC R T E SV — DA AL B ik
TAAERR R E X, Z AR B, ASHIS R T ML Anif) s BN IR IFAE— 2
BUN R AL, RARREIEINEEE, Fit, R3S RECEER TR,

IXLERGR HUZ Python X fin 44 25 (B BE 7 K — A RS R, test3 I AE Python
WIS, s, XM B (T T & T F I A S R AR K
PERE (HCAnR AN A B 7 e — NS A RN ) . e —m, — ]
BERY P R AEMER A E A A B R — R B 2 /5 . 72
PRBUN AR AT — IR &R, (EAETEER X R B B VR I B AR e, %
JEEAHE RIS 80A T IR Is AT oK, RIS — ik F A
WARAL T LE RS, R IRATEIA L E J7 WX R A i), AR AR i 2 T 20,
F B, il 4-10 A, FRATH AE B L RAETEA AR sin pRECAHb AL i BE AR
15 9.4% M H LRI,

Bl 4-10  EERIN A diy 44 25 [A) 2 ) B P 8 R

from math import sin
def tight loop slow(iterations):
mrin

>>> %timeit tight loop slow (10000000)
1 Ioops, best of 3: 2.21 s per loop

result = 0

for i in xrange(iterations):
# this call to sin requires a global lookup
result += sin (i)

def tight loop fast(iterations):

>>> %timeit tight loop fast (10000000)
1 loops, best of 3: 2.02 s per loop
mrirn

result = 0
local sin = sin
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for i in xrange(iterations):
# this call to local sin requires a local lookup
result += local sin(i)

4.3 Ih\g

FULANE A IE M T BRSO R 5 1 AR . B8 eR SO0 A (8 11 07 s L S
BARLE Y I A ERE . 73 ob, B SLANT TAEA BT DALE AR S 2 SR i 2l
(] Nt RELE AR A A SR AN, 05 352 Python FYNERINBEZ —.

FANPRAE T —EHRR LA, EL TR BRI T R A2 6], 1 BT 20
FAENAT HARAT S BRI BESE . XA RNV LASEERZ M) Python NEEIESEHY
AT BB 2 Y BT .
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EEAEZ FIRFEENS D& T 51 (2 &

o AR BT NTH?

o AR RN A?

o I itertools R IR AT TIER?
o ERMHEMIAL, MINICIR?

WVF L HAMIE = 008 TP 162 > Python I, {1 17E for fEHMICEZES IR T
Bk, RN, T S A R A

# AthiEz

for (i=0; i<N; 1i++) {

do _work(i);

}
IMAE Python H{tITi& %] " — > range = xrange {3 ek 4L .

# Python
for i in range(N) :
do_work (1)

XS R B FAT AR E) T 6 AL B As S AR BTG . S T MR A A, 1R FAT]
B A 5L range Al xrange pAK:

def range(start, stop, step=1l):
numbers = []
while start < stop:
numbers.append (start)
start += step
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return numbers

def xrange(start, stop, step=1):
while start < stop:
yield start #©
start += step

for i in range(1,10000):
pass

for i in xrange(1,10000) :
pass

O XS yield REMEMAZ R E—A Xptik—F L RAREE I R AL
AR — A RAS , — PRl AR S 838 — ] A A R %

HAEEHENE range WSLBLLTEANE— N REFEE N T A BFE,
PA, GNSRFEREIM 1 F] 10000, XANEELSN} numbers F1JFRFFFT 10000 ¥k append
(7256 3 BERANCETHe L X F ), RIGREEANTIR, MH— T, Ll
WEesE “RE" REE, FRAGIZEITE vield, ZREES LG H—ME, &
Ja MM T R A — MER, R 2 LLIZTT (ZEIPPIRSEREEAAE) &
SURAE . MZRBOBITEE R, —4> StopIteration RE WM FRHZE
BARCARAEELZMET . S4R5E, BAWAREERZBIT T RN EREL,
i range RAIGIAZIEFE T 10000 FEHIHFE (WIERTEEIM 1 2] N U2 N £E),

FILXBAAS, RATELAETE for MEAPMEAE CEMA range fl xrange, 7F
Python #HF ', for fEMELRPLIEIFMINT G L HER X BWRE RN 1L BB FENE
B4 EATE— R AR ek, IROTER R T2 A Python
WA iter AL, XARE, XTI, ol FHAESERR Bl — X5 NE
TCRBAEERE, M THEERMNS, iter IMESREXZEM__iter JEME,
BT xrange DR T—/MEREE, MHMA iter BEASHUTE, H2H R
R EFEIRANT S (FIE type (xrange (1, 10)) == type (iter (xrange (1,
10))) ). Aid, BT range R R—NFIFR, ATEAEACIE —AFIIRTE,
—AFNRFERE, RERFIRPWITAE. — B PNERESHE, RIMHFE
X next () pR%k, RIKGHE, EHEF| Stoplteration FHEHILE, X%
AR T — BRI AR AT MRNT for EMHIIE, il 5-1 iR,

%] 5-1 Python K for fEFFEMT
# python {E3R
for i in object:
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do_work (i)

# FHT
object iterator = iter (object)
while True:
try:
i = object iterator.next()

do_work (1)
except Stoplteration:
break

for MEFFRIAHEZ/R THATEM A range MAE xrange BT ZEHIMAM iter,
FEfH xrange i, BATAFEMULMFN (FyECL2—MERGR T A
TEf# ] range W, FATHEDEL—DHRIZIFFHUCHFHARIE, RERITE
BAE AR

HEERR, BUCITE range SIRGE N BN EIRED B R BB FH A1
TERRIEFAE, BRI E—ME. PR B ZS RE IR 4
B, b b, MR ERATCEELT, A range XA BRI AT REIRA
TFeERH & (range (100,000, 000) 24— 3.1GB K/MWFIER] ), IS 45
AT, FATR MR A FIX— 5

def test range():
mrrn

>>> %timeit test range()
1 loops, best of 3: 446 ms per loop

for i in range(l, 10000000) :
pass

def test xrange():

>>> %timeit test xrange ()
1 loops, best of 3: 276 ms per loop
mrnm

for i in xrange(l, 10000000) :
pass

XA BAEE LA AR A—HN R B ERHIA W range BB
{E2SE BB R ml BE R E IR F IR A T . HLANBR AN T — 7
AR, BAVEEIE AR Z DR AT AR 3 BB, IRTRES XS -

divisible by three = len([n for n in list of numbers if n % 3 == 0])

SR, KPP EIAR R range —#E, IRANIBER 7ARFERX, EAIHLAE
JECT—NRERL 3 BERAECTF ISR, SR TR T S 238 iR A

Xrange
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FFERK, XS FEOCE S TR N — REIRA TR L .

TN FEREXFEH T T AKX [<value> for <item> in <sequence> if
<condition>], XABIE—AFIR, WEFrAMLKIRE, MR, FATHEATA
{# F— A BEYE (<value> for <item> in <sequence> if <condition>)

KB — N R AR RO R A B T AR — PR,

A RS AN A e 2k A TR X P Al Y 22501, RATHLAERT divisible
by_three KUMBIEATA. AT, AMERIEA A length &M, BrRATAT
WITET HIRE B AR«
divisible by three = sum((1 for n in list of numbers if n % 3 == 0))

X, AT B R MY 3 BT IS A 1, AR
TR o SRR IS AR B B A (RN, FRATHLRERS S BRI A KR 4R
P RA B AR PERE L —4F, ERE R AR RN/ N TR Rk
Ko F3Ob, FATRT ARFSIR A 5 e A R e BSUAS O D R R AT IR S A3k o
B ITTRA YA E——ZEE AT LA 3 BERE 2] LA, TR E TR 7 B
TR, BILATER R IIC K, B AR eSO n] AR i i, (HRARAE AT
HISZIRIE, KPR T RE 25 FLARIRIXE

5.1 FTHFHIIRNEEE

USRI A TG BARATA RS H R TR, AE RS 7T AR K7™ A T 554K
5, EFARREI R — MR B T —E R — N EAPRELE (REPD
FEPRIEL) W TCTHI -

def fibonacci () :
i, 3 =0, 1
while True:
yield j
i, 3 =3, 1+ 73
XEAAER, BRI RBIFMECRHRIE, RIMKATERE 1 Bicsk, FANE
PRAF T PORTRBANHPIRES . A T B ZAIRS SR IR K, FIVER
RS R NAF R IL . IR FNTA — DR EFZE RS APRE, A
RAREHE, A2 E ST B R 51 R R H A s A,

A AR A R R BB A )z B — AN TR R E AT A n] AR SRR Y
R, KRR L pAS e EEE A I PR SR AU g — P o7 3K, b, 3%
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AT AR Z 7007 X BIZ B “5000 DAY RERARE A LA 40 7

def fibonacci naive():

i, 3 =0, 1

count = 0

while j <= 5000:
if 3 % 2:

count += 1
i, 3 =3, 1+3
return count

def fibonacci transform() :
count = 0
for £ in fibonacci():
if £ > 5000:
break
if £ % 2:
count += 1

return count

from itertools import islice

def fibonacci succinct():
is odd = lambda x : x % 2
first 5000 = islice(fibonacci(), 0, 5000)
return sum(l for x in first 5000 if is odd(x))

A X Sy SRR I R AE A T S 1 (o2 U & AT TR AH [ 1 P 7 R S T (R 1)
PERE), fH fibonacci_transform REHEBF L MEH. HE, EELEL
fibonacci_succinct HEUWRZ, AJLARG 5 — I K HAA M. X TG
FIVEE LR —7, iI&iHe 2 itertools Y% W E—— B HAE KR A
b T AR Z 2B AR 2 T B R VE ARG [ B £ AL Python fURSAETSAAB4 % Python,
55—, fibonacci_naive —R T ZMHFN, KRR T ELRITHEZE
7758 ) 2 U8 0 S50 11 26 o bR SO0 R 23 BEAS R AT T BB SE R i i S8 5. e
fibonacci_transform B[ AR RN . XA~ K] A E Ay 440 num_
odd_under_5000 }H#2Z—MEMASE, XFEH A TAEEEREG) L,

Fibonacci_transform s¥ii)a— MR ETRE TITRIPAB B B
A IR A AL o 2% PR AR I S R AE A TR %4k, 1T £ibonaccd pR ]
SR I . X — FRA R I NS RIS RE . FA TR ALE— AR R
WA 4R s b, sE— A 8dE Bty 2 5fe . X—MVEAE B R A
Frittar S, TG A s AT AR AR R - AR R A TR, T E e
OB A B
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5.2 HMEBRHIEREE

ZHMHRE], A pds Z B LARERS Y LY FATRI N A2 B B AR B Y B BRI (E. . 1E
FATTRREE A, RATEHRBEDT M S ATAYME, TICIAD MG TR (X
FEASEFA AR “BE” B FER”) . AR S AR E AR, AT
A AR BN o8 B0R] AT Bl P iX — )L,

AN EZRIEARERE Y 1tertools J#, B T Python MHPK%L map, reduce,

filter fil zip MBI (FF itertools 14352 imap.ireduce ifilter
Mizip), PASHABARZ A MW eREL, FralESTENA

islice

SR —ATC 55 FE R AT U
chain

R AL A RS — R,

takewhile

2 ARSI — R AR 2R

cycle
T S AN B R — A 55 R AR IRUTE TS

LEFRATAN A A A B SR A R BRI 51 T (B TR AT EA — D BT R 5K
T AP S AR, SaRE s A, TR AR 20 F—FATHE
631 152 000 8 ZBARBAORAFAE— DU, B AR —1T, FRATTCENE
BN PR ANAE , QERIRA AR BT — LU B S A, FRATT T DAfSE A
# I G254y Bl AT 51 2% |

FMFERRA S . XT— 08 “timestamp, value” BIBHRESCHF, 752K
FIrA &A S HERNH, HZHERD 3 2 S BF iloh (.
FATE S BERCCHFRI RS, SO A—AT8E — 1T CEe, e —1TiI(E
i g—A> Python X5, FATIELEH 4> read_fake data A s 1 T4
DGR R M AT R . T X%, ROVRA SR —A> filename &
W, KiLERAM read_data MFIRREEES , AEESHSEETT. XHTH
B, Bl 5-2 Fos, AT RERAE——FA TS AL AR H) next () JR RN

SR B RS 89



AR RBEBOH T 47, BUCERGH Y O % .
Bl 52 FERBEEEAE

from random import normalvariate, rand
from itertools import count

def read data(filename):
with open(filename) as fd:
for line in fd:
data = line.strip() .split(',")
yield map(int, data)

def read_fake_ data(filename) :
for 1 in count():
sigma = rand() * 10
yield (i, normalvariate (0, sigma))

WAE, FATTPABEH itertools $2HLAY groupby ERACRF[F—KH timestamp
SIAE—H (B 5-3) X RET T A S E 02 — HEARE A — DR T H ) K R 4L
REIANE—ANE RS, AR E—MEEE — oo, TTHNEEIZAR KT
FZHFTA TCRAE AT . W T R EF R, 20184 lambda pREHR [ —
A~ date X4, X T F—RAEHE 77 AR date X4, XAERLAE AR R 414,
XA K SR BT DURATATT AR PH——FRATT AT LARA/ NS | 4F BB (%) S SR ok 4
H, ME—RRRHREIRLIRIESN, 2N, WREMNE—TMMAZAAAA
B B A AJFRAFERGH, HATHSER 3 AH, 4502 (A, [A, A, A, A]),
(B, [B, BI)PAK (A, [A, Al),

Bl 5-3 XFFATRIEE 241

from datetime import date
from itertools import groupby

def day grouper (iterable):
key = lambda (timestamp, value) : date.fromtimestamp (timestamp)

return groupby (iterable, key)

PAERIEA TSR PR A S A . AT 208 1 — RN B EHHE R E RO E., P
(BB T2 B P — ANTE R T AR 2 Bk, IR B SRR 2 R R AT
SRR RAER—— R B HCFIIER 3sigma K, ARARA TR A
X—KH) date X5, BN, FALRE False, Aid, AT A AEIEL LR

O FATE Kouth FITELFIEAE . XAEBATRER ] — AL B R A P Bop— A (ol
SEFREZE) . AT AT IS A SO RINE 2 PR R T R m B E (B — ).

90 Fs5E=



(Hfi&[E] None) , FRAi T4 X LeH 2 R iX A~ check_anomaly BREHEE U —4
BRI ——— FX R R A BRI ] True MXTFHREEFEHER ] False
) bR R, XAk AT AT DA IR R G A AR RO R R A A AT H T
check anomaly pREANBI 5-4 FrR,

Bl 5-4 BT AL AR A S A

import math

def check anomaly ((day, day data)):
# We find the mean, standard deviation, and maximum values for the day.
# Using a single-pass mean/standard deviation algorithm allows us to only
# read through the day's data once.

n=20

mean = 0

M2 =0

max_value = None

for timestamp, value in day data:
n += 1

delta = value - mean

mean = mean + delta/n

M2 += delta* (value - mean)

max_value = max(max_value, value)
variance = M2/ (n - 1)
standard deviation = math.sqrt(variance)

# Here is the actual check of whether that day's data is anomalous. If it
# is, we return the value of the day,; otherwise, we return false.
if max value > mean + 3 * standard deviation:

return day
return False

AR —AE AR SR RS EUE P AN —HNES XN 2
TTFER, 2R NZREBT AR B groupby A A%, L groupby #&[AIf#Y)
TCH NI A check_anomaly pREMAISE, HIL, BATUHFTICHREIFR
IERIRIH R R AR EdE, BTRINEAT ifilter, H—MATRESEREL
E TR R R X istarfilter, BT istarmap X} imap
AR (E2E RS0 itertools 1Y),

e, AT AR A A SR AR I BA R Bdm iy H 1 (B 5-5).
Bil 5-5  ARFFATHY A AR BERR R R

from itertools import ifilter, imap
data = read data(data filename)

data day = day_grouper (data)

AR R 91



anomalous dates = ifilter (None, imap(check anomaly, data day)) #O

first anomalous _date, first anomalous data = anomalous dates.next ()
print "The first anomalous date is: ", first anomalous date

O ifilter KMKRATA NI R4 ELIEGRIITR . BUAER (CE— 1S4 None)
T, ifilter dIERATAPUGEN False TR, REERINTMAS B AL
check anomaly iNAARFERHEIIH T,

XANTT IR AR R B AR VF AT FRAT 3 0 H T B8 3R A 77 B B e 4k
T B R — R X B I A BRI TR, B R AT R R
BT —4&m/KZ, RN MFT anomalous dates.next () B PAFEFh 5 200}
anomalous_dates FATHHZHI, A KA, FL L, AR
RN EARETH 5 DREH T, IO CTERR T8 -2 EstE ik,
AR 2R — A H TR B Ik, Xt AR Al —— R
PEEAER BRI A W IAT, AR T — MR A IR &, IR AT A
R P AR EE AR By 32 A7 I [H)

AT KA LRI 55— DAL R E R FRNTEA T B E S KA R 5
TRANSCRE TR AR, e, WPRBATARE S H WA & DAY 4L R
i Ho AL, FATR AR B S — S8y day_grouper SR

from datetime import datetime

def rolling window grouper (data, window size=3600) :
window = tuple(islice(data, 0, window_ size))
while True:
current datetime = datetime.fromtimestamp (window[0] [0])
yield (current datetime, window)
window = window[l:] + (data.next(),)

BAE, HATAFHXA rolling window_grouper faj BEHMB] 5-5 H#Y
day_grouper SLREFRIGRATEEMLR . (ALK, JOTERER 2IXHAT5
RHEAA I EM R A PRI ——E R (PR AT 1 1 P R A HOIRAS (W73
T3 EARAT— 4 H AR 3600 N L) o AR IE R R B IX PR 7 RAEHR IR
RICTR AFRANAT , A2 FRATIE AT LAGE 1 22 YRAT TSI 68 F A R B ST FA A+
HKARI AV LR 2 s (B 1inecache fbR) SRAEHLIXAN I,

RJg—m: 7E rolling_window_grouper #H, FNIX window 5IZRHEAT T

RZ pop Ml append #4E, FATH LA collections #EB) deque XFEEA
RMCACXHR ARG o X AXFGR AT AFES R SR AR ERAE O (1) BT A
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BfE (RGER51F HREXTBIREFR AL O (1) RS ERARAE, TS 91 A Sk AR itk
FTRIFERHRAEIZ O (n) ), i deque X¥R, FRATRILAGEA append R 8RR
MEFIRR AN (SEBRERR), FHEH deque.popleft () RMERFIFRZM (2K
FULKHR) R I JC 0 3 BL B 25 25 [R] BEAT AR I Y O (n) #R4E,

5.3 IN\g

A P AR A AL I S A T 53, FRNTRE BB i . T A7 1Y
R, 5h, EHEASRTERR R T MIER, BoAEATES 755t append
BAE,

PR g2 Python HYJFARZEAY, FAT %8R A XS T5 IR R 080 B AR Y
AT R, XM R B EFAL SR 5 R a] DARE SR Al B, AR R 5 2L B 75 A
MRS TR, FOSRAIATZRAZAIIEER, BRAERN I AL 2
BT, 725 11 &, FAISTHEH A — 2 T 5 MURr 9 R R 77 VA I 2 — L538
(1 B R R R AT D

FATRAEER 9 TAN 10 AT, (FAERTRMR ISR S — MR eI R A
MEERSE T2 CPU SZ RN G, JATE 5.1 ihesd, (AZEERUA
e IR T RIS AR &, RE BRI X RS AT I TR RS AL
B, BAMAEMN 280 EEIRSIC R R B T, AN Ef ] multiprocessing
1 ipython BIRISELR] AR BIRXFRTE, EATEMER T— AT map B %R
JEENHRALSS .

SR B RS 93



FEo6E=

EENXEITH

ERAEZFIRERETEE TS )&

o REIHRYMITENFE?

o FAWLAM 2T AESR CPU BEATIHERIIRER?
o numpy A4 4 Python i A A (E 1152

e cache-miss fll page-faults Ef+42
o FRAMATIE ERACRS H A N FE ST LY

TeRARZAAETT AL AT A, (R STERA BRI R, REITH
=g N RN (B B2 B N 3 <01 N VT = N b O A e T i 129
WA T R RS T S R RE A B AT A T AR AT (R B 2R T 2 A
AR T SRR IR AR R Pz AT

TEAE, FATME I R — A R A B A, B ORI, R a4
AR 2 R B B CPU J2TH EA A T A4, i B Python (URS AR 5 1
CPU DA B QAT A7 R T X 28§20, F AT A vl DAZE — 50 = i 2 > 4 4] 24 g HL At
[R]85

FARFE SN Y B K EH PR M4l Python PRI 5. FATME =
6 %07 S I — L8 A AR R 40 Python fREREAT], FRAT& /4 numpy I
ke R AR A K A2 BERE I A TR ACRB A SR J5 AT ST a6 T — L HIRRY
PR FHRF AL AT AR A AR R g IR 3 A% B AT 9 (o P ) 2 Y — L3 T
PERREL, FRATHRERS H—IRTHEE . BRI IAMN SN —LEBUIMIRLER, SRR
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BYBATAE L B TAE AP RGP RAR, SRJE I — /N, SN A Z S TN
REZ T Z RTHEATIAL

6.1 [E-I4A

g

A B3 BAVE AT R AN EF XL T —NEZGER. KT8
FERRAT T AF R R 0L R R A L. de AR A it K
T, MriE—ZZAH—TH 6-1 Fatp] 62 oy HikiT 4, BERMNE
ZARACE KA,

Fob, eRRRET AYXEEE R LS B, wRERSHRF
R AL 1 iR 49 William Press ZF A6 EE KEAESAT T EEY & = 0%

JA

%17 %,

N TTEABHRRAGEMRER T, ROFEEENRAT B0 1. 9 Bogiikg
EhFF R SR AR — P73

AFHAFERRT HEERT GRS, ©F ERWRRE S, EAZHHL] 3
MNP R IL e E RS AR, 750, EERRECME, BT RITTREE
i i A G B A BEA BN T AR S, B AR EA A, JE2r) &y
SEEEF TR PR FITER, MARY BT, A, W
A BRI EE AR ST A . B S 2 —— BRI 1 IS s L A S ik
FRIRE s LR AR AT RERG DAL 75 A — NS IR ZI A PR

PR — ARG 2K PR SORL . RARAE = IR A K B A LR IRL, EigE
PHESEERUKRE R, BTRIEABEROK, KA IR IR
&, PR AR AR A 0 E 2 AR . O TR B RS, AT S
BRI TR ZARIIR A, 2GRN E B X WIG S AR SR A A R
s (B 6-2)

YT AZ, MTHRAA BRI S i E AL R T BT R A A S 78 (0]
PABES B — A 1 Mo Jr R

o &
9 ux.)=D
=D

—u(x,t)
X

AR, u BF RV HURRNRE, i, RiNSA—KE, BREE 0%
ARAK, 1 FoRAigeR (0 A 1 ZRIMEFRRRGIR) . —Bokil, XN REMN
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o 2 BYE 3 B AR PR R A ) S r DO EA AR . XA, A TR — I
P EA, FRATAT LA u h—> 3 Bk, iTETA R, AR x
3RF. BRIGLASE, D@— M E R SIS 5 o AR B JE e, DB R
WARBEZY W AT E, FOTEAETSE D = 1, BRI EAETETED,
=
FHRFT RO A RFTAZ, I, u AT ARG BER DFET
MAL R BAEF RS . BT AT A KA KAl § . A, &
AL T fE CPU = A 69 A Z 3T BB B 2K FeokHed

/S
A &R s BRSO 75 e O VR A B B 25 o JRATT LR A i
— Rl BRBEEERM TS ZENTEA, T

u(x,t +dt)+u(x,t)
dt

0
J— ’t:
o %0

ULi dt R—AEEMME, FoR— DR, SERIRATA TR R E R
R AAE IR B . B ] AR AR i IRA T IEZERIVERT R IR, SR m (Bl
dt 4s/N) B, ATEEEEWSAS B — A EMT R . CPr b, dt s 0, Kbk
Pt ((HRIEE, XM AR Fiks], BT EN R Ia A iR
WA, kSR SR AR A TS0 ) . IXREFRA Tk BERF 5 F2 2 5 AR
i u(x, t)R u(x, t+dt), XEERERNTALEMIERE u(x, 0) Al
o BRI T —RdR K, R EE SRR SHAT AR ok TR
X IKTER KT ZIRET (u(x, dt)), XA e ARl “HIE 1)
TR A T ST

PARI R A FRZ TN x #H73R T, FATSIRE RS R A n I ke

u(x +dv,t) +u(x+dx,t)+ 2 - u(x,t)
de

u(x,t+dt)=u(x,t)+dt*D*

XHL, A dt FoRmiR—4E, dx FoREBRI A FER—dax BN, NIRRT
—MRTUARFOR I XN, Sy TR, FABE D = 1 Hodx = 1, XHAME
FEV B AR B, (2 BN 2 DAY O R B 1 AU R, e AT TR
HAVFAEE,

FATRE A XA U P A RO, (B2, XA e 228 By .
Hoo, WAIZEE u TREERZRG] (S8 %) EEBEEPRRT] o < 4L
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THFEREIR RGO BN x-dx BEARSANR? XA BB L FF . ARA]
PSR S E BT A AR T R R E AR 07 (BUE B HAME) .
B, PRIT] LASE SO FUE I GERY A IV R A (Hetn, SR ARAR R 4k B
MR N, ARG -1 MEM% TR0 N-1 f9fE, MRT 0 N HEN%T
K51 0 AfE, Bmigid, HORRETIRRS] L ERER, REEIREUR AT R
51 (1%N) RRIMH),

73— TG R R AT v 92 NI a] 20 AT R] ALE— SRR
AT R IR T A I (e, BERERNFEZ PP — DMRAFRR A
PRE, —MRFBRERN T RS, RNSFDLEIAREZNEES R,

HRAFATTAT R RS PR L2 B 6-1 B2 T — L8 Ph AU R L BA SR AT T2 A e 6 Y iX
AR SR AR R LAY

Bl 6-1 1y sy A O A

# Create the initial conditions
u = vector of length N
for i in range(N) :
u =0 if there is water, 1 if there is dye

# Evolve the initial conditions

D=1
t =20
dt = 0.0001

while True:
print "Current time is: %f" $ t
unew = vector of size N

# Update step for every cell
for i in range(N) :
unew([i1] = ul[i] + D * dt * (u[(i+1)%N] + ul[(i-1)%N] - 2 * u[i])
# Move the updated solution into u
u = unew

visualize (u)
XA ARG K YRR 6 25 R A R AT 14— 0.0001 M2 JEHYAR R R GE
At 2R, AR IE 6-1, KT BRI REIRGERIGR (g ) FEalRy
A, FATH AR B gL i 2R 6, BRI YR e B BT A S5 1Y
T AR B W, ORI TFER 2 A, XBEWRERNTFERE— 2 B

HFE, AR —NRE (SFEWE—NE BB . SrRmE—msEh (A
FRZE) RS ezl ) 2 AR BN AT S A v Jr 1) ERYAL X B WRE UG Y J5
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0 0’ 0’
au(x:yj) =D- [yu(xayat) +ay_2u(xayat)j

— A FIREEEI T H
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oo
[cINEN Y Yol

10500 t

[o¥oloXoYar

[cRNE . Yo Yol

100 200 300 400 500
usg

t
o)

B6-1 1My e
XA 2 PO BB RS NG 6-2 R, FIRIRIRZ BT —FERI s,
Bl 6-2  THE 2 WA

for i in range(N) :
for j in range (M) :
unew([i] [J] = uli]l[3] + dt * ( \
(i (A+1)eN] [3] + ul (A-1)*N1[3] - 2 * uli][]]) + \ # d*2 u / dx"2
(il @G+neM] + uljl1r @G- - 2 * ulil (3l \ # d*2 u / dy"2
)

IAEFRATA] ARFIr A A0S Br a2 31—, 5 H 52 %81 Python2 [irdy B A5 ok
YERTRA AT TR T RES I ME, MIDRRE B EFE Y, 2R AM 1
M (W 6-2),

WRAR A B E B AT R, nAS Y ORI 4ER TR S.V.Gurevich 5
A5 7 &8 “RIRRGHAETTIRT .
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t/90%) , SOFDFN250FPRIAGH &I

t = 0 seconds

50 seconds

t =

= 250 seconds

t

B6-2 WMADBRHET BT

6.2 Python || FRiFEAZAL

EFATRBI 6-2 B O AURSE IR AR, SXARFAT T RERS B I b A B B2 AT I
BE. B RGHEARL, EEZ—MEEIREHEA SRS, WA 6-3,

il 6-3 4l Python 2 B4 H R %X
grid shape = (1024, 1024)

def evolve (grid, dt, D=1.0):
xmax, ymax = grid shape
new grid = [[0.0,] * ymax for x in xrange (xmax) ]
for i in xrange (xmax) :
for j in xrange (ymax) :
grid xx = grid[ (i+1) %xmax] [j] + grid[ (i-1)%xmax][j] - 2.0 * grid[i][]]
grid yy = grid[i] [ (J+1)%ymax] + grid[i][(J-1)%ymax] - 2.0 * grid[i][]]
new grid[i] [j] = grid[i][j] + D * (grid xx + grid yy) * dt
return new grid

g

HEZAILA B —A new grid 7|k, & R4 for IR+ A
appends #1¥. MMUREIEMNEIHFEZWRRS, £2RELEZ—HF
8. BMNZATE A RNAEIAN T R R A CHBEFEFE.
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ZJr R grid_shape FRBAEMMXIEAZ K, HHb, 1E 6.1 TR,
AR AR (XN 2AFANFHENRGIBE) . 1 SRRl
MBS, FA T — DR A evolve, f] 6-4 YA ZE—
AEFE AR, FEAEZRPEN (EREER A8, FHRE
Rigfr—ik, A& evolve mELKHBIERRM).

Bl 6-4 4l Python 2 B4 HUKI 1k R KL

def run experiment (num_iterations):
# Setting up initial conditions @
xmax, ymax = grid shape
grid = [[0.0,] * ymax for x in xrange (xmax) ]

block low = int(grid shape[0] * .4)
block high = int(grid shape[0] * .5)
for i in xrange (block low, block high):
for j in xrange (block low, block high):
grid[i]1[j] = 0.005

# Evolve the initial conditions

start = time.time ()

for i in range(num iterations):
grid = evolve(grid, 0.1)

return time.time() - start

O X LA A RIAR A IR IE 6-2 BT B TAE AL

BAVF S T 95/ dt AU FE TR E R BERE . XX AR ISR
PR A RS W, Willian Press 55 A A2 4/E (Numerical Recipes) 55 = h,

SELREIK TSR (8]

X4 Python LA ] 1ine_profiler, FATWIREIT MG Azt AL 18 AT
RERAT AR 2. B 6-5 Wy, 1B 2 ek BORZ RO T 1EAE 1R
FIEFARE b RV, B R — M) CPU 2427 [
A ZAETE CPU _ERYISTRIFR @ — BRI LT 4

il 6-5 4§ Python 2 |4 HUR £ Hr

$ kernprof.py -lv diffusion python.py
Wrote profile results to diffusion python.py.lprof

Timer unit: 1le-06 s

File: diffusion python.py

O XEZAT AR A B 6-3, BT HR AERM BT F . BT kemprof.py % 22 e £ @profile 21
REXTHHEAT T (UL 2.8 4¥)
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Function: evolve at line 8
Total time: 16.1398 s

Line # Hits Time Per Hit % Time Line Contents

8 @profile

9 def evolve (grid, dt, D=1.0):
10 10 39 3.9 0.0 xmax, ymax =grid shape # @
11 2626570 2159628 0.8 13.4 new grid =
12 5130 4167 0.8 0.0 for 1 in xrange (xmax): # @
13 2626560 2126592 0.8 13.2 for j in xrange (ymax) :
14 2621440 4259164 1.6 26.4 grid xx = ..
15 2621440 4196964 1.6 26.0 grid yy =
16 2621440 3393273 1.3 21.0 new gridf[i] [§]=...
17 10 10 1.0 0.0 return grid # ©

O XBEAIM TIXAKKEZE N grid_shape MAIMAHIY P28 3k45 (L
)

O XATATH T 5130 U, MIRERAERIERAIER) xmax 2 512, BN T 2N xrange
A —MESRAE 512 YOI XS EFRE IR A5 SKR— R ME, THXBE—3L R4 T 10 4K,

© Xfran 10 R, HIRFNTX MR BT 1 10 K,

H2, it o3 TA 20% I RIAESRAE M new_grid 53 E, X2—NR
2%, B4 new_grid WA KAEZLA—RRIAEA evolve WEZA4,
new_grid FIFRMARAMFERRAK/ D, WS FEEERE, — D REBiE R
—UHFEME, ZAAIATRFER DL R IEHI)

from math import sin

%

427

def loop slow(num iterations):
mrirn
>>> Stimeit loop slow(int (led))
100 loops, best of 3: 2.67 ms per loop
result = 0
for i in xrange(num iterations):
result += i * sin(num_iterations) # @
return result

def loop fast(num iterations):
mrirn

>>> Stimeit loop fast (int(led))
1000 loops, best of 3: 1.38 ms per loop

mmn

result = 0
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factor = sin(num iterations)
for i in xrange(num iterations):
result += 1

return result * factor

@ sin (num iterations) FETETEFF A SIS

s FFAA T 2R E TR E,

FATAT AR BRI T AR et , Wil 6-6 Fram . TR, FATHRHBI 6-4 ) new_

grid LHMLZ G HEAFANTE evolve K%L,

R B R IR AT — A BRI

grid FIRHHAHM new_grid FIF, K5, HATAILAR AL new_grid

grid 4L,
Bl 6-6 I/ N BCZ G RYZE Python 2 Bir gy HY p& X
def evolve(grid, dt, out, D=1.0):
xmax, ymax = grid shape

for i in xrange (xmax) :
for j in xrange (ymax) :
grid xx = grid[ (i+1)%

1031 + grid[ (i-1) %xmax

1031 - 2.0 * grid[i] []]

grid yy = grid[i][(3+1)%ymax] + grid[i][(J-1)%ymax] - 2.0 * grid[i][]]

out[i] [Jj] = grid[i][j] +

def run experiment (num iterations):

# REWBGEFI

D *

(grid xx + grid yy) * dt

xmax,ymax = grid shape
next grid = [[0.0,] * ymax for x in xrange (xmax) ]
grid = [[0.0,] * ymax for x in xrange (xmax) ]
block low = int(grid shape[0] * .4)
block high = int(grid shape[0] * .5)
for i in xrange (block low, block high):

for j in xrange(block low, block high):

grid[i][Jj] = 0.005

start = time.time ()

for i in range(num iterations):
evolve(grid, 0.1, next grid)
grid, next grid =

return time.time ()

TEB 6-7 HIAHTLERA ", ?kﬂﬂ%%?ﬂ
T 21%MHEER S, XA

- start

ARLLITREI ] [ A R G HE B 2 A 25

O XBEZAHTRTE R A B 6-6, AR T B4 AE N T A A,

next grid, grid

2 T XA N B S B R AS 45 A T ok
CIRZ AIXTSIRAY append #RAESFAIIEEE (I
) K0 WA ECAEEL, %mé‘l&ﬂ] TR T — A
(], 83 2 P 7y B A 25
IR RAMEL, AL R B R RE, A C R AT

3.2.1
F 413, Python
(B KR E A
(B R RE A FA T She i S
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Tt Aid, BNOSCBLX e, SR T E IR TIUL, ARik 2 T b R
PRIZIRVRIEZEI R, ARG G AR R R B

Bl 6-7 W FES LS ) Python LR £ /BT 45 51

$ kernprof.py -lv diffusion python memory.py
Wrote profile results to diffusion python memory.py.lprof
Timer unit: le-06 s

File: diffusion python memory.py
Function: evolve at line 8
Total time: 13.3209 s

Line # Hits Time Per Hit % Time Line Contents

8 @profile

9 def evolve (grid, dt, out, D=1.0) :
10 10 15 1.5 0.0 xmax, ymax = grid shape
11 5130 3853 0.8 0.0 for i in xrange (xmax) :
12 2626560 1942976 0.7 14.6 for j in xrange (ymax) :
13 2621440 4059998 1.5 30.5 grid xx = ..
14 2621440 4038560 1.5 30.3 grid yy = ..
15 2621440 3275454 1.2 24.6 out[i] [J] = ..

6.3 RNEFEEA

FAFEBI 6-6 51 Python fUhA — AL, 2 Python FEATHIEREITH
AR AR Python HASIRFRBEBRAE, XA PAEE : Python FIZRAF )
TR SR EARR RS, HL Python “Fa7 B I 50 10 REBAEIATIEAL, BrIA for
TEPAICIR TN AT (6 ] R R AR REA R AP AL

Python FI| = AT /2 757 £/ T WRAE DI R PRATHY T AN 2 S5 PR BBt , T2k 250080 1) 67
B ERZHIEOLT, XR—MI%, FEAE RIS e R AR 4
Yo (ERMTREMAMGELRIE, XoFEPERRRIE T,

PERE T My SR RAE T RRR A T 2045 orid HFE P RYTTER I, JATELAI TZ
RAEAR, HAN, grid[5] [2]1XFERTERTR ZRNTE JEXFIE grid RG] 5,
X IR A — RS MR TR AL SR5 T 75 28 RS IR AR IR F KT 2
TR, EHZ )G, FAGEIR 2 LB RE B i A7 B L B

— R EHIHH AR, FERZHAFI T Al AN, (22, AR EE L
FREAE AT RS — N SEAF RN, FRATTAR N] LA— U PERE BT 0 2008 4 B B
K, AR AN TCR AT ERAE . KRB A — DA BRI
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BAewor BN, VR BEREE— R BT &, AR —RYEE R, X8
WRERTIA TEZHNAFERITH, HiRk CPU FEXdR A MR b4 fr, Fd)
LA perf BEIFEZATRNE L TP SA 2,

TXANTE T Y B BERF LE B 10 5 15 i 26 CPU A IR BREAR A I3 8fia” ., B
e AT AL (6 1 12 AL N7 M 2 2 CPU FIAAT Z [R)17 5E 32 31 BR
o ARFA B L M B n ATCRR R, AT TR BAEMZA7, H4 CPU A]
PASEBIFRARAT A E T 2R R . BERHIR S P AE .

F T Bl A% i T PR T RETCER PR, FRATAAZIM RAM H SRS - HARTFAE
—NE/MEFEHREY CPU Z77H, Jr 8 CPU FEIEANLAER, B AMNHE
PREEIRE], BAXEL R — D EHAEL TR R, FAOTHRA T AR 2 A —
L8 ) R ——FRATT AR AnT S R ok 75 ZE R L K ds 7 CPU R A 0 ST AR 7K 4 B2
AR ST AL HE 21 46 4 0 [F] I F00 H T — 248 2 - R i N et 7. (B
FE VB I S e 1) 7 YR L AT R e PTG PR A DA R AT £ AT R
BT

HMNTFAE SN2 CPU RIPEREAR 2 R3fE, Aid, Linux ERJ perf THAPALEFA]
A% CPU A AL PLia 4T sh AR . Lo, FRATAT LAXIBY 6-6 F94E Python fifdiz
17 perf HEFE| CPU B THANMUB IR, 45R B 6-8, HREIRHIVAK ZJEHY
per £ 7 HY i Hh ORI ATE Y DRI 2 . R B R A A T (B R O 22,
T Fom M BAETE LRI & P A T 2 R . XA B T/ 21 B 7E 2 KA
JE EME T 52 PR AR P R DA 2 KA B2 30k B A GERYHAB T4, HEanHof
IEFERE ) R TR AR o

Bl 6-8 I/ AFSrBLJE 24 Python 2 Byl BReR KU ML REFE AR
$ perf stat -e cycles, stalled-cycles-frontend, stalled-cycles-backend, instructions, \

cache-references, cache-misses, branches, branch-misses, task-clock, faults, \
minor-faults,cs,migrations -r 3 python diffusion python memory.py

Performance counter stats for 'python diffusion python memory.py' (3 runs):

3.477 GHz
23.33% frontend cycles idle
14.14% backend cycles idle
1.82 insns per cycle
0.13 stalled cycles per insn
.375 M/sec

30.191 & of all cache refs
1414.067 M/sec
2.16% of all branches
0.999 CPUs utilized

329,155,359,015 cycles
76,800,457,550 stalled-cycles-frontend
46,556,100,820 stalled-cycles-backend
598,135,111,009 instructions

35,497,196 cache-references
10,716,972 cache-misses
133,881,241,254 branches
2,891,093,384 branch-misses
94678.127621 task-clock

S S S S e S SR e 3 3
o
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5,439 page-faults # 0.057 K/sec
5,439 minor-faults # 0.057 K/sec
125 context-switches # 0.001 K/sec

6 CPU-migrations # 0.000 K/sec

94.749389121 seconds time elapsed

6.3.1 IEfE perf

IERATHE— R PRI pert HIFFRNTAN S FMERESR IR AL ENTEIRFATHAD ) %
%, task-clock FEFREIRFNTAESAE T 2/ BRI, X ERR) 21T
AN, BRI L T — ok sirH2EH 74 CPU, A4
task-clock 42 1000 (task-clock fJENZZM), HHEIE, perf &FHFK
T EITEZ SRR BRI TG 204 CPU B T, IMFEATERET 1
S R R AR — BB TR T Hofl - R G S (BN AFRD) .

context-switches I CPU-migrations {5iF A TFEFAE LSRN ZEAE (0 VO
#BAR) sER, A TEHAB RS AsTT, SR ISR i —4 CPU &L Bk
TR, 24— context-switch RAMNBEFHHIITSEHEE, 1A — M EF
BT, X2 — DX RIESRIEFE ARG A 55, R IRANTFFER SR, H2
TARERWRAETRE R )., REHRR AT, WSS ET: A, FRATAT A
— SR N R A TR T . BRRUL, NWERSTERTF T VO (HLanieE
WNTF. RERLECMZs) PR, ROTEESETRER, AT AN P8R
PR IRATRR P IE S R VO WARLEEMTH CPU, X iR R SLis 1T A4 )
e, 75k, FALER] AR ERFFHY nice (ERGFANTAIREFF B @RI SEH AR
IR EDIE %, 24U, CPU-migrations & AATEIHBRPHEIFEHE
J3—A CPU EERSERATIE DL, X020 T1EFTE 1) CPU #A [RIFERREE Y A 3,
XA PAROA N B — DM R R dEAR D)3, PR FATRRE e AN U e RS, 1M L
LRT LI ZHENITAESE (4 CPU VA E A CHJ L1 &1F).,

page-fault RIMN UNIX WFRECHLEI R —HB> . DECNFR, W T &
REFP— AT 5 HhE DA NE AT 2 o (B2, 22 SR B AT 55— R (8 T
BAERG M —DERTUNPWT, R R ITH R TN . XA
HERIEARGE . BRI T BOH L ARTR N7 BL R Ge e — MR AL, ST/
TS B R R — 24 B SRR AR, B R S BRI ERR R AR FE AR AR P MR . 75
SN —FHERTUR P INT, BAET AR P R EM R (i, MZ5F) EifsRit
AP BRI X LEBRAERANE B, AT TIRRIARSY , b7 2
BEIRPTTER 58 . IXFPERTUR B2 CPU BRI TAE, B2, EX%BEMH
B R A M 28 R Y SRR Y
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— B3R5 VN PR EUE , Bl & 20 d Wr a2 RS HERHe il 1.1.3
T EBERT) . BEENTIHEF TSR, cache-references iRl &N,
AR AT AT H b A B H 75 2 RAM 3REL, cache-miss f8ARHIT AU &
SN ARRBATEER R M A EE IR fE e BL) s BB £
PEAE S WIS R A7 (BAE RAM RO ) , S RBUAR K
o PR SHNE CPU BERTAE, FINENIAMNTEEFLIE M RAM Hik
W, T EA T RATR AT ROK L (B E LU RS o AR R e e i
DAL A R AT R PR AR A7 2R 2

Instructions fHFREIFEAIGMAIGLE CPU SILIIT T 204454, TkEHA
ik CPU BEFE[R]—MIEIHAGTZ 55454, insns per cycle fRARSEIFHRA]T— b
JREIN R T L. T Bk 4, stalled-cycles-frontend A
stalled-cycles-backend &ifFATHIRE P 1ESE 77K 2 il i 58 i SR 41
L IFEERF T2 IR R, XA RER IR RAL, — AR DRA 2 ST B —
BT IE . K EHT T 5T NAF AR R — 2R 15 IR i — DBk i A,
111 i 3 ) 7 T SE PR AT 8RR . A T IRK R, CPU JLRETEIZFT 24 T4 <Y [F] I 3R HL
HESR T &2,

branch 2RBHITRER LU, HE—5% 1f. . .then FH—HTXK
HEMER, ROSPITARMRLE , XHERBHIITHS L— T —&K45E2
KRMEZ—. T, FlREMH THRKEWELT, CPU 2 ilEEN
SCHYFE ) TS AR R AT 4. AT A5, B &4 stalled-cycles Al
branch-miss, /X RFEH YA NHRE), H A ESERZARMIS (i,
FAAEAAEHET 513 F AR LU AL SR, AUOUR A B A T A H 430 R 350 o
g5

o RARBEZ—ANE CPU BE&EAMALIEAT E MR R, F 5%

Gurpur M. Prabhu &9 “i+ FHRMFL” . € oL ERIKE L AR F,

AR ST AGIZAT BT KR K 0 — B — AMRAF A 2R AR

6.3.2 1R4E perf ft i H H4E

B 6-8 WITEREFEIR IR RATTEBA T RAT AL I, CPU FFEDTIN LI/L2 ZfF
35497196 ¥k, Hid 10716972 % (30.191%) 2 M T REYEIEALE NIEH T
FRREL, BN, AT AB B CPU JFAFRATRE AT 1.82 K484, X &
T RATEA KL, EFHITASGB AR AR (B LA HALRER L LRE) CPU
TE— IR EIA N AT Z 5548 2 IEOR) ST IRATR I REYG IR .
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R 70 e A AT ML SR 2 CPU B REL, i1k AR Jo vkt AT R &t
B, FONFETTRRMRE) CPU Z A7 A 2 M Ede . RATHE 1.1.3 35k,
REH (B VL CPU TR — W BT Z M) AURE R 2EAEFRATRER F5 4
REARIEG CPU ZAFRI LT . BT S L R s iy WA 8, B2 Ul
FUR & 1 AR AE RAM AU (77 1 A4 mTBE . i T JRATH S R A7 2
R Fa e AR LRI, 7PN ES T BIENFR, KA —KiEE
fiilv=h 8

AT AEE ] array BERAEIZABEL N, array MR FENTT
R EE, —B array SERRGR T —BUELLIINTT . (2K A e
P E——AERN A T A7 R I EELEA BRI RE, (2 Python MR AHITEAR{ATRT
FNTHRIIERRAEAT KRBT FATEZR R LA — IR LA B — BT R T3
PAE— R PRZ AN, (B2 Z AT, Python StA AR IS IiiL (B
J2 i1 T Python 15 5 i B SIS ) o

-
Iy

AR LRV Ak NG T AREREEAHRENR? L REMNA
A CPU BATHMEIL, AR AKTHRE (beP MR )
Fadk kB HRARAL 69— RF 49 CPU ++ FL 8 TAndg 44, A T ik Python
BE B AR R X B PR AR A, KAV INA — AN & 1] ) kA% ) X 245 4
£. KNG E2FE3F) numpy 4efTik KA 469517 7] X 245 2R 45 4.

Foh, BTSEEANTY, M array RADRBIEEHRSR L LA 1ist 248,
R array XMEAFGEIEEE R — NMERIRZAEME, FEH T H A A1 00
BN —A> Python FRAMIIRA . IXNHSMYIHHTEAREFIRER 54> array KA
WS R A . XA FE T array XRAEH TR H N EEN TEN
A7 FRAF TR AU 52 B R

6.3.3 {#EH numpy

AT R pert RIS E, RATLAHE]—A0] AFHT B U s B AR R
W, FizfE, numpy A RNFZB A FE—E RERE BE 2 F i FE N AT
HOF SRR R BB AE . SERE, ARAFRATR numpy BU2H B9 5~ HVEET HE
R EATIEMIN ERE B — o R . EAGEEE R, i HAE
Po ERATEXHE—BIF

from array import array
import numpy
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def norm_square_list(vector):
wn
>>> vector = range (1000000)
>>> %timeit norm square list (vector list)
1000 loops, best of 3: 1.16 ms per loop
mrrmn
norm = 0
for v in vector:
norm += v*v
return norm

def norm_square_list_comprehension (vector) :
>>> vector = range (1000000)
>>> %timeit norm square list comprehension(vector list)
1000 loops, best of 3: 913 us per loop

mmn

return sum([v*v for v in vector])

def norm squared generator comprehension (vector):
>>> vector = range (1000000)
>>> %timeit norm square generator comprehension(vector 1ist)
1000 loops, best of 3: 747 us per loop

mn

return sum(v*v for v in vector)

def norm square array (vector):
mrmn
>>> vector = array('l', range (1000000))
>>> %timeit norm square array (vector array)
1000 loops, best of 3: 1.44 ms per loop
won
norm = 0
for v in vector:
norm += v*v
return norm

def norm square numpy (vector) :
mrmn

>>> vector = numpy.arange (1000000)
>>> $timeit norm square numpy (vector numpy)
10000 loops, best of 3: 30.9 us per loop

mn

return numpy.sum(vector * vector) # @

def norm square numpy dot (vector):
mrmn

>>> vector = numpy.arange (1000000)
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>>> $timeit norm square numpy dot (vector numpy)
10000 loops, best of 3: 21.8 us per loop

return numpy.dot (vector, vector) # @

O XAHET vector ERBNRRAIEA, —MHTHOERE, H—AKM, XD
EM M) norm squre list comprehension HRYIEHF, HEM@H T numpy
AL B R,

@ X7t 7E numpy HURKEVEHAHERMEE, @id KELRY numpy . dot #4E, Al
TS AER R norm_squre _numpy S L/EBEHIH &

KB ) numpy Uiz fTH#EE R norm square_list K 37.54 f, (A
Python #1IZ% “fEAk” JRRIRCA L ZAR 29.5 15, 4L Python JEFFAISIZRMAL AT E
JELMEREIR Tk T EZ TR T Python (UM AT RIS,
Python J2 ] CiEF SR, FIH] Python WEMLHIZE 2R, FATHIRG 1AL C AC
PRERERE . FATLE numpy AURD HHA AR AR B SR TR B T RAFAY R R . Fedl]
FE T R BEOC AL ELRP IR A E A X S B T 38 A 91 3R 54 R AL B AR A

B TR R BAHMERILE], numpy XGRS T IRATN R AP A O SRR,
CEATEABREE T AR U ET, CPU 2P, KEEHME, [UURT R
JIT s B () B R S AP R AT B . AT Z AT perf THIZFTEAHREUE
RTA array BIBUAFIZE Python HUAHIBREESR TRY 1x10" 4354, 1
numpy MIATERE TR 3% 10° %, H4h, array 4l Python MIA KA 80%%%
FERALM numpy HAG K2 55%,

FATH) norm square numpy f{i%H, FEizd vector * vector B, numpy
KRBV —DEER . ZPEFF A FATE ARG+ BT — .
Ji vector WI—i, A A S, HE, BTN numpy SfFX 31
AZHCH Python fASSLEL, numpy AT ABEATAEMIEBZR LK, numpy
TElE e AWM C R ETIHEH CPU B REERIE. H4b, numpy $AHTE
WAE TR BB ZECF KA, M (array BiHHY) array XFRA FAE
i) 23 (8] 75 3K o

FHNEAR —ABOMNFAL R, numpy SCRFFATRS AU HT A Sy — DR, X
LEFATAT VA — > B — B AR T AT B R (E, i AR TR A R B R
FoRA, FER 6-3 PR AER], BT IZEREHIRFL, norm numpy_dot fyRk
ORI T HADPTA KR, L HRF NN T EAF i vector * vector
Y P R 45 2R
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ST BT

1400
— NOFM_sQuare_array
wonnnnnnne - norm_square_list_comprehension
1200 e m=m==m norm_square_generator_comprehension =i e
Bisiniine norm_square_list e
r—  NOFM_SQUare_numpy : OV
1000 sy T D R
@ O norm_square_numpy_dot ’ ,»b‘\b \‘\b
o
\.\
| seo :
&
-
T oo
2
%
400
200
") : e iianaiaraniassaaisasssieEn ENIIESENYEROEONOTROTTECTNTITIIITINTITIE:4
[} 1000000 2000000 3000000 4000000 5000000 6000000 7000000 8000000

KERE

B6-3 XNARKENRERBHFELNRLETIE

6.4 F numpy f#R4 a8

AHFATNIFIZE 2] numpy,  FATHE A AR AL Z BTAY2E Python UG REAL.
ME—HESI AR AR numpy /Y roll %, ZREMBA]FEHBEA I
—FE, [BEBTE—A nunpy 4 1, —F ik, B TS
TEREAL:

>>> import numpy as np

>>> np.roll([1,2,3,4], 1)
array([4, 1, 2, 31)

>>> np.roll([[1,2,3],14,5,6]1], 1, axis=1)
array([[3, 1, 21,
[6, 4, 511)

roll pRELBIE T — N numpy B4, X—rUAFIA R, SRALRHANIFEBIL
AR TR F R R BB R 25 18], ARSI TR E M AamBdE s e .. »n—Jrm, —H3K
R T IXA RS R EE, FANSL 2B e LI T RESRAE, MALZE]
CPU A7 RILIE IR o X m] AR A IR R ia B R s . FEA T R 2k
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FATENF B X AR AU R IRAT R AR A AL 1T SO 2T e 3 2 AT

BT XA RS, FelTLEER-H 6-6 19 Python 4 H At hd FH B8 {4 A HL2 &AL 1Y
numpy HES, HI, AT grid xx fil grid_yy B ITTEITEHE B —14

PREL, B 6-9 JB/R T FATER— R numpy $#HLHE,
5l 6-9  FIH numpy §HL

import numpy as np

grid shape = (1024, 1024)

def

def

def

M2 WX BHEEL T, BEHETURE S IERE: BRI REEFREEE
Python ffREdR 2 A, LEAEHR P E A UL AL RS AR AT E R ((HJ2, X b
MEZIEMIR]) . FATHERBZ numpy A HEFH) NTFE B AT DAE Bbsy CPU 424t
PR, B2, X—mEBRRET numpy FSEEE, LRFAT ARSI TIERE S

laplacian(grid) :
return np.roll (grid, +1, 0) + np.roll(grid, -1, 0) + \
np.roll(grid, +1, 1) + np.roll(grid, -1, 1) - 4 * grid

evolve (grid, dt, D=1):
return grid + dt * D * laplacian(grid)

run_experiment (num iterations):
grid = np.zeros(grid shape)

block low = int(grid shape[0] * .4)
block high = int(grid shape[0] * .5)
grid[block low:block high, block low:block high] = 0.005

start = time.time ()

for i in range(num iterations):
grid = evolve(grid, 0.1)

return time.time() - start

PRI B, Bl 6-10 s 74558
B 6-10  numpy 2 By I ERETE bR

$ perf stat -e cycles,stalled-cycles-frontend, stalled-cycles-backend, instructions, \
cache-references,cache-misses,branches,branch-misses, task-clock, faults, \

minor-faults,cs,migrations -r 3 python diffusion_ numpy.py

Performance counter stats for 'python diffusion numpy.py' (3 runs):
10,194,811,718 cycles # 3.332 GHz

4,435,850,419 stalled-cycles-frontend #

EEMXETE

43.51% frontend cycles idle



2,055,861,567 stalled-cycles-backend
15,165,151,844 instructions

20.17% backend cycles idle
1.49 insns per cycle
0.29 stalled cycles per insn
113.362 M/sec
0.150 % of all cache refs
1146.334 M/sec
0.10% of all branches

346,798,311 cache-references
519,793 cache-misses
3,506,887,927 branches
3,681,441 branch-misses

3059.219862 task-clock 0.999 CPUs utilized
751,707 page-faults 0.246 M/sec
751,707 minor-faults 0.246 M/sec
8 context-switches 0.003 K/sec
1 CPU-migrations 0.000 K/sec

3.061883218 seconds time elapsed

XAEER BN, AT 6-8 BIBEAR N2 FCHYZE Python SE3H, (VX EUH numpy
AETA TR T 40 (AR ST . X2 BAMEIH?

B, HATZES numpy SRR ERIE. B nunpy AE LA ST
MR, HERERRLS T TEZNE, Baldd, —FRERMEHRS TN 4
N (HEZ) BATTRIATRERIEMATE 4 FMIZHTIETE S . RAFEIRA]
i e A P DE R v G A

numpy HAS Y R LB IR AR 2 B BUE A HA R . o2 —J2 40 Python AR 2
SCHERY Python APL W, Tl numpy AN BA XAEAYFR K——HaniR, 40 Python
HiFEHBETE Python AN, MARETE numpy BEBRPMGFHIN, BIERATH A 2K
XN IhEE (AR HARRZIIEE) , (VOGN Tk R E REB R A thes
HARBIMNIITEY . BT numpy A DAMBGE EAF AR KIS 280, Frd ERAEAE <
A EER ] ASE R BRI AL . S 3RATIHE Cython (7.6 47) I, FAi1& kT 1ERE
MRERZERA PN EINRE, EEE ] MBRRII 0 AR IR RS R A

W, 152 R IRVERE T AR X—— I D 15 4 WA P AT REFF IR RRuthia T
BN, BE TR R BTG . AL, JAIFEFIFR T2 BE SN, numpy
WAL TIRZARAZAL . AT RAL (L 0.15%, HLTZHIK 30.2%). HAl
TE 6.3 iR, T CPU WhZi4fie MBS 1 A7 i e U T AN 2 A ZE A v
ELIRGE, SRR TS, S B, NAERE R AN E R TR RE R R
DA% THE numpy i8S SRR AR A — D) R RO LR, FAIH AR £
— M HEXTAE Python BACKHYEREESRTH (1] 6-11).

O ELFAIVA-00 TF R4 numpy. T XADEK, HAVHWIT 243 T numpyl.8.0:
$ OPT='-00' FOPT='-00' BLAS=None LAPACK=None ATLAS=None python setup.py build,
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Bl 6-11 &5 R BEHRIER numpy 2 Bry HLIERETR IR
$ perf stat -e cycles, stalled-cycles-frontend, stalled-cycles-backend, instructions, \

cache-references,cache-misses,branches,branch-misses, task-clock, faults, \
minor-faults,cs,migrations -r 3 python diffusion numpy.py

Performance counter stats for 'python diffusion numpy.py' (3 runs):

48,923,515,604 cycles # 3.413 GHz
24,901,979,501 stalled-cycles-frontend # 50.90% frontend cycles idle
6,585,982,510 stalled-cycles-backend # 13.46% backend cycles idle
53,208,756,117 instructions # 1.09 insns per cycle
# 0.47 stalled cycles per insn
83,436,665 cache-references # 5.821 M/sec
1,211,229 cache-misses # 1.452 % of all cache refs
4,428,225,111 branches # 308.926 M/sec
3,716,789 branch-misses # 0.08% of all branches
14334.244888 task-clock # 0.999 CPUs utilized
751,185 page-faults # 0.052 M/sec
751,185 minor-faults # 0.052 M/sec
24 context-switches # 0.002 K/sec
5 CPU-migrations # 0.000 K/sec

14.345794896 seconds time elapsed
XGRS BIRATE ] numpy RIS, 25374k 40 R FER T B E 1
HRHF N RERETGOE, TRNFRARMNE LB DN, FE b, N
ZHIHSER AT AR S, SRR AT A T 40 fEE BT Y 15%.,

AT R A E‘zﬁﬁ%&ﬁ%ﬁ‘l\‘ﬂ’\]y&fﬁﬁ/\ﬁ—i)\%[l%cﬁéé\?ﬂf]@ﬂitﬁ%i‘f?o it
SN T I AR AL BEFA B ) oy U R T
BET Rk Lo 7 AR B PRt B A Hn 4 CPU 1L REAE AT = Y3 T“ PATIH L,

6.4.1 RNEFESEMAMHIRIE

T AN AT T B S0 , LEFATIE G BR B 6-6 [RIFRRY T R EARFRAT numpy
RSN EC R, WA T BRATZ BIE R B AR R ACERE . AU A2
AR LAEN 2 RAM R EE SRR, A7 BCl A B R G0 oK
— BRI BRI R B AR R ST SR Frl B T4 LL T BRI SR A7 R AR
Z— IR —REF R — MEER AL R RE AT, T A7 23 e U =5
BT — AR WARRAT RCIE R SEI

N TR 6-9 YA L, FATRAEACRDIF LT il — L2 Ta] 28 e L AE T i

O X— KPR E Y CPU TITE .
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BAF, BUMRAIE, Hanv= *=%, RpHP—PMRAEA L. XERERIIA
TN RS R B .

BT BRI, ROTBE YIRS numpy FUARTE R 1d AAEE (6
6-12), 1d B MRIEFHGEN numpy B2, B 1d RGN TEK A .
WIRFT numpy $C4LEAHIFN id, IB2MATIEH R —RNER S,

Bl 6-12  LHLERAF A A7 20 T

>>> import numpy as np

>>> arrayl = np.random.random((10,10))
>>> array2 = np.random.random((10,10))
>>> id(arrayl)

140199765947424 ©

>>> arrayl += array?2

>>> id(arrayl)

140199765947424 #@

>>> arrayl = arrayl + array2

>>> id(arrayl)

140199765969792 #©

00 X~ id ME, FAEATEM Tl ERE, XEWE arrayl BRI
AU, TR T H AR EE.

© NIFHINMTEX AR T, FEif5E arrayl + array2 B, —ASEAAFEHIERE
SIECIHFIE AT R R N XM A AL, Hoin Y R a5 E T AR B (L
fl, array3 = arrayl + array2 fRiFARGEAEH arrayl fll array2, TNk
HERVEE S T2 R IR R )

75N, BAVER|—A d et R R I R R RE SR . X T/ numpy %X
H, XK TR 50%, £2F KBTS, #ERAKARE LA
For L, ABIREAETLA TR, XRRARE —BARKAINTE, 726 6-13 1, &
11 B/ N B ARV R R FRAT T R T 20% s R T X — B F S 2
KESEMNAREL, HANGTIRESERERE.,

i 6-13 {3 FH b A5 VR VA0 A A7 43 i
>>> $%timeit arrayl, array? = np.random.random((10,10)), np.random.random((10,10))
+0

. arrayl = arrayl + array2

O KFFARHENE, FAPA numpy LA AT LATE R [ 4 P7F DIAEL (8 A (5] 6925 28 15 R R 0 TR R A 4
PEMUL AR . KPS numpy B S BA AR 1d, Numpy $041R0 id AR M2 AL,
TEAFIETEEZ S,
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100000 loops, best of 3: 3.03 us per loop

>>> $%timeit arrayl, array? = np.random.random((10,10)), np.random.random((10,10))
. arrayl += array2

100000 loops, best of 3: 2.42 us per loop

O VAN T35 tineit AR tineit, BALRATAT SR A TR EH 5
{0 R T S6 FFI

RS A 6-9 PRI HA 250, (ERb BRI ERINETE T E K SN
WA — SMELAR B2, TE6 6-14 FpIRATAI AR BX —HAWRYZE R . JAT9I64L grid
M next_grid fiff, RIFEEMME. grid RHEIREWCAFEE, HsfT
T evolve ZJ5, next_grid & THHEHIER.

Bl 6-14 K5 R Z L numpy BAEHUCH EHARAE
def laplacian(grid, out):

np.copyto (out, grid)

out *= -4

out += np.roll(grid, +1, 0)
out += np.roll(grid, -1, 0)
out += np.roll(grid, +1, 1)
out += np.roll(grid, -1, 1)

def evolve(grid, dt, out, D=1):
laplacian(grid, out)
out *= D * dt
out += grid

def run experiment (num_iterations):
next grid = np.zeros(grid shape)
grid = np.zeros(grid shape)

block low = int(grid shape[0] * .4)
block high = int(grid shape[0] * .5)
grid[block low:block high, block low:block high] = 0.005

start = time.time ()
for i in range(num iterations):

evolve (grid, 0.1, next grid)

grid, next grid = next grid, grid # @
return time.time() - start

O [y evolve WyhIMBIRIFTE A next_grid, FATLAUN T—UREN
ZHGX AL EKAL grid UERFIEE . X—SHBEARREEE, F A
BT BRI, A REIEA S .
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ICEFCAFA T EA L B AR e i, B A — N R B B AL AT [R] — 4758
JBo XA LAE—RRBA A = A * B + CAHAHLTE, B4 Python AR
AP, B AFRATT A AR PRk 28 A sl 45 B AT ety R AR BE SR T JE ATIRANX — L

D 6-15 B 6-10 FyTERESEAR, FATE BB ER AT 2N A AT
WK T 29%HREEFET . Foe BUNMRAR T A7 R AL, (B EZLR FUNEAR T A
BRI

Bil 6-15  numpy FLHEAE N TFRIERETEAR

$ perf stat -e cycles,stalled-cycles-frontend, stalled-cycles-backend, instructions, \
cache-references,cache-misses,branches,branch-misses, task-clock, faults, \
minor-faults,cs,migrations -r 3 python diffusion numpy memory.py

Performance counter stats for 'python diffusion numpy memory.py' (3 runs):

7,864,072,570 cycles

3,055,151,931 stalled-cycles-frontend
1,368,235,506 stalled-cycles-backend
13,257,488,848 instructions

3.330 GHz

38.85% frontend cycles idle
17.40% backend cycles idle
1.69 insns per cycle

0.23 stalled cycles per insn
101.291 M/sec

.207 % of all cache refs
1340.903 M/sec

0.10% of all branches

239,195,407 cache-references
2,886,525 cache-misses
3,166,506,861 branches
3,204,960 branch-misses

e oS S S S SR S e S S SR S e 3
[

2361.473922 task-clock 0.999 CPUs utilized
6,527 page-faults 0.003 M/sec
6,527 minor-faults 0.003 M/sec
6 context-switches 0.003 K/sec
2 CPU-migrations 0.001 K/sec

2.363727876 seconds time elapsed

6.42 ZEFEMAS: KEFEWEERNMT

WU 6-14 YRS, LLP-RT DA EIF AR T -3k RS I B A6 numpy
WEIRT CPU fdfl, FRAIWEME T AR ITRIBF BN AR AR (B, KA
ZUHE SRR, MBRIGRIHNBITIERET (01 6-16), HAHES
RATKFAY THEHTE Laplacian BHH5ER, 995 1 evolve BHUA 93%HYH
[FI1E$47E Laplacian BHH,

Bl 6-16  ZATIERE T R laplacian 1E2% 7 K Z I} A]

Wrote profile results to diffusion numpy memory.py.lprof
Timer unit: le-06 s
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File: diffusion numpy memory.py
Function: laplacian at line 8
Total time: 3.67347 s

Line # Hits Time Per Hit % Time Line Contents

@profile
def laplacian(grid, out):

10 500 162009 324.0 4.4 np.copyto (out, grid)

11 500 111044 222.1 3.0 out *= -4

12 500 464810 929.6 12.7 out +=np.roll (grid, +1, 0)
13 500 432518 865.0 11.8 out +=np.roll (grid, -1, 0)
14 500 1261692 2523.4 34.3 out +=np.roll (grid, +1, 1)
15 500 124139 2482.8 33.8 out +=np.roll (grid, -1, 1)

File: diffusion numpy memory.py
Function: evolve at line 17
Total time: 3.97768 s

Line # Hits Time Per Hit % Time Line Contents
17 @profile
18 def evolve (grid, dt, out, D=1):
19 500 3691674 7383.3 92.8 laplacian (grid, out)
20 500 111687 223.4 2.8 out *= D * dt
21 500 174320 348.6 4.4 out += grid

laplacian EANILERHEHATREARE . H2, XEENEZHENEHRA
. HIL, 1M np.roll W& NBIHHARE DTN (FA 1T Al A E %
PRACA LA SCRPRBIEX — i) o IXEMRE BV AT EZ AT B RS ER T 7 A
TFOY I, V3R 4 by BRI stism . 7oh, np.roll @—Ew MRy R AL,
AR RS R AL B IR TS OL. PEARFRNTE &5 R HATTHF 2 A2 OIRt2 A+
B SR B B i )m—31) , ABATATE AT AT S XA e HOR TH R K
o TEH RS . FATE E R AKF np . roll R IZHEM add #IEGH, AM—
ANEELHR roll_add sEARR/D Y NTF M FC BRI Bk 1 Y12 H R 52 i AT]
HIAESF

Bl 6-17 o TRXAEMAATY, FATFERN IO OIEHH roll_add WEUHL
laplacian ffifl'E€, HN numpy SZFFRIARRG| (fancy indexing), SKBLXA:
—PNEBAFERIEARELR T, B2, Zaid, XA IERERL, AT
BEEAIANE 2K,
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H
=

EFERMNRT MEMXZ I, # 4 docstring EFL T T By 447 T

4 . BAREMEPZI A GRS, P RADe) TR M 2T E 24,
KRR A T ARAR GG RADAAR I 69 77 X TAE, bR ki
TF & 8695 4 37 AR o9 AR F A b 19) BB 28 M fo i AR B AR AL T 2k
H4.

I

Bl 6-17 AT H CHIFRHE R EL

import numpy as np

def roll add(rollee, shift, axis, out):
mwmon
Given a matrix, rollee, and an output matrix, out, this function will
perform the calculation:

>>> out += np.roll(rollee, shift, axis=axis)

This is done with the following assumptions:
* rollee is 2D
* shift will only ever be +1 or -1
*axiswill onlyeverbe Oor 1l (also impliedby the first assumption)

Using these assumptions, we are able to speed up this function by avoiding
extra machinery that numpy uses to generalize the “roll ™ function and also
by making this operation intrinsically in-place.

won

if shift == 1 and axis == 0:
out[l:, :] += rollee[:-1, :]
out[0 , :] += rollee[-1, :]

elif shift == -1 and axis ==
outl[:-1, :] += rollee[l:, :]
out[-1 , :] += rollee[0, :]

elif shift == 1 and axis ==
out[:, 1:] += rollee[:, :-1]
out[:, 0 ] += rollee[:, -1]

elif shift == -1 and axis ==
outl:, :-1] += rollee[:, 1:]

out[:, -1] += rollee[:, 0]

def test roll add():
rollee = np.asarray([[1,2]1,[3,411)
for shift in (-1, +1):
for axis in (0, 1):
out = np.asarray([[6,3]1,19,211])
expected result = np.roll(rollee, shift, axis=axis) + out
roll add(rollee, shift, axis, out)
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assert np.all (expected result == out)

def laplacian(grid, out):
np.copyto (out, grid)
out *= -4

roll add(grid, +1, 0, out)
roll add(grid, -1, 0, out)
roll add(grid, +1, 1, out)
roll add(grid, -1, 1, out)

WERFNTEFH 6-18 PAREE GFHIERETENS, RIS EIMBERELILH 6-14 F—
MR KRHIERER T (SEPR EARFA T 70%), HE2 KREZEIERETERE A F K,
Page-faults WHE T T, (HR T T A 70%, [FFE, cache-misses
cache-references W FIET, (HEWAEAFEREEX A KMHRERS, X
HEEENSHE instructions #&#Rr, Instructions ${FRics T CPU %
BPATZ DR R MM EF— Wi R, CPU FETZPFNE, MR
) roll add i#)5 instructions FEFRMEAIRT 2.86 i, X 2E AFKATAFHH
BRKEE numpy $RALAYSERE D BESRFE L TR R , T2 A A TSR Ry T AR (TR
T EEE HA AR B AR R —R) Q18 T ERRRIIEE. FOTRTE 7.6 T
ARZEPTE K TAE numpy Hl Python HORE AR R 2T RER) TR,

Bl 6-18  numpy {8l LI PN 7R AERIFFIL laplacian pRZLFPEBEFE IR
$ perf stat -e cycles, stalled-cycles-frontend, stalled-cycles-backend, instructions, \

cache-references, cache-misses, branches,branch-misses, task-clock, faults, \
minor-faults,cs,migrations -r 3 python diffusion numpy memory2.py

Performance counter stats for 'python diffusion numpy memory2.py' (3 runs):

3.108 GHz

65.40% frontend cycles idle

37.99% backend cycles idle
1.08 insns per cycle

4,303,799,244 cycles
2,814,678,053 stalled-cycles-frontend
1,635,172,736 stalled-cycles-backend
4,631,882,411 instructions

0.61 stalled cycles per insn
196.563 M/sec
1.042 % of all cache refs
448.928 M/sec

272,151,957 cache-references
2,835,948 cache-misses
621,565,054 branches

H= = = FH H W I H H I FH H W

2,905,879 branch-misses 0.47% of all branches
1384.555494 task-clock 0.999 CPUs utilized
5,559 page-faults 0.004 M/sec
5,559 minor-faults 0.004 M/sec
6 context-switches 0.004 K/sec
3 CPU-migrations 0.002 K/sec

1.386148918 seconds time elapsed
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6.5 numexpr. itFEiHIIRIEEIRE R L

numpy X RERIELAH— D2 E R AR — e, XEWRE, 43
I numpy KEJATA * B + CIXFEAJRIERT, BEIoZERF A * BIRIEE,
BT — DI R E T, RJERAXSE K2 C HI. =406 6-14 H ]
HUHARVERY RS s

IR, A VAT AR (AT 4 . numexpr BB AT AR EEAS KB Rk
G AR R AR, AT AR AT R R i S A B e ME. 7351, Bk
REFIHZ A CPU L (EZAEE A 9 F) LA Intel it 7 & HI B4R S RIF
AR,

REZEUASR A numexpr. HATHFTERFRBIXES H AR T
FFERRIA], FRASTEG AP AT A R B PR A [F] Y2k =X
A FHEFERNGFISELEZR) Hisfr. il 6-19 BRT evolve W%
numexpr EZ AR, FAE evaluate WHHEA] out 244, XH: numexpr
AN R [E — AN R T AT

Bl 6-19  fi F numexpr S HE—2 1AL KSR R AE

from numexpr import evaluate

def evolve(grid, dt, next grid, D=1):
laplacian(grid, next grid)
evaluate ("next grid*D*dt+grid", out=next grid)

numexpr W—MEZEFFLEEFIER T CPU &fF, BRHMBIIEIRIEER
CPU A7 BEME A A A RR L 27 R A/ ME . ST BB m i AC RS 81T
perf (ff] 6-20) W, FANBEEEZWHZIRTT T, HZ, WMRBNER BN
1 512 x 512 BAERE (WATRIGHIE 6-4) WRGHEREE, FRATSF IR 15%H)H
JETFE, XN A?

%1620 T numpy BB ERHE laplacian pRE%X DA numexpr FIPEREFER

$ perf stat —e cycles, stalled-cycles-frontend, stalled-cycles-backend, instructions, \
cache-references, cache-misses, branches, branch-misses, task-clock, faults, \
minor-faults, cs,migrations -r 3 python diffusion numpy memory2 numexpr.py

Performance counter stats for 'python diffusion numpy memory2 numexpr.py' (3 runs):

5,940,414,581 cycles # 1.447 GHz
3,706,635,857 stalled-cycles-frontend # 62.40% frontend cycles idle
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2,321,606,960 stalled-cycles-backend
6,909,546,082 instructions

39.08% backend cycles idle
1.16 insns per cycle
0.54 stalled cycles per insn
63.628 M/sec
4.451 % of all cache refs
152.851 M/sec
.35% of all branches

261,136,786 cache-references
11,623,783 cache-misses

627,319,686 branches
8,443,876 branch-misses

H oS S 3 S HE S HE 3 S 3= 3
=

4104.127507 task-clock 1.364 CPUs utilized
9,786 page-faults 0.002 M/sec
9,786 minor-faults 0.002 M/sec
8,701 context-switches 0.002 M/sec
60 CPU-migrations 0.015 K/sec

3.009811418 seconds time elapsed

numexpr 5| AKKZEEIMIPLHIEREATAN . AIATAHFER N BT 5 B
H BT A SRR REROCA AT I, X B8N BIL R U2 B N T S 2 45 2 T AN RE
XHEREAFTEEY ., 74h, FFPRFpaiF R BRI S A RKRIIT . URFiafT
AR RIS TR B DI, XTSRS T R . A, HIABEINARERR
/N, AT KB numexpr HJF/AE numpy SBAFMAI TRAISEF. MWH,
numexpr FIf] T2 ERIATHH R ZRHB B ML 0T . SR/, &
P2 HIT R 1AL AT RERPERESR T

FATH e B AY FE i A 20480 KB 12817 (Intel Xeon E5-2680) . KA M40
WEWIE, —MERTA, H—MERNE, FreAFRATr AR S 1158 752 R DAE
Wi BAERHEFE RN, FRFE TCE B A B0E 20480 KB/64 bit = 2560000, FHFA 14 P
ANFERE, X —SBCT B Xg T (BT AT R 52 v A 2560000 / 2 =
1280000 NITE) . felm, XX AEF R RA AERNAERFBX 4 £ TER
PIFERER RN, BRI, X EME MR INA 1131 B 2 45 S 0 2%
£ (J20480KB/64bit/2 =1131), BEF E, FATH CRIMNET LW ELE (HA
P& 5 A7), BT ABLSE R UL RMRBEIE A~ 800 x 800 B4, .3 6-1
M 6-2, AT AR R4 HFER /N 512 x 512 BhE] 1024 x 1024 B, numexpr f{
5 14 BE LT 4 4 numpy

6.6 HMKE: WIERRY “MHUL” (scipy)

HEARICERAN AR P — R A — T4 B e ATk AE 2>
PR BN R AR R] BE AEWE, 48— >l RERY AR 5 SR B R RYARER 7, AR5 FRR
AT IERE TR BRI AT AT . AR WY LN M B E R, HFERIRS
ARG, HINFAIE ] numexpr HPERESE QAT 32 2R /NP IR
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SRBAN PR S AR AT, FENARETIRLR, F—K{EEFF| laplacian
PR IR scipy RIS R R, X—BPk B T A%, B2
laplacian FERBII X — 172 —DH ILEAE, TRC&A — M EE T ILr
T KT, scipy IREFA —PNEBTESR, &A1& B8 5FzE/
& Jot |

M scipy SEBUERREH (Bl 6-21) HAFES BRI BARZIRE (FA
scipy K wrap XS ENHE)

5] 6-21 i scipy K9 laplace JEJ

from scipy.ndimage.filters import laplace

def laplacian(grid, out):
laplace (grid, out, mode='wrap')

UG FASC P — UM B2, HABR X R B A5 1 — 802, FEFRA1% 2k
ZHlo SRM—HEATX scipy RBIATIEREXS HE (B 6-22), FATA KdE. XA
BREURZ AIRIAHEL (] 6-14) FFEA R KRB T, HF5 b, HIRATEIMAE
FER/NE, XA R B B IHRASERE T T (WAERIEHIE 6-4),

% 6-22  fdi [ scipy 1 laplacian pR L)Y AL VEREFR AR
$ perf stat -e cycles,stalled-cycles-frontend, stalled-cycles-backend, instructions, \
cache-references,cache-misses,branches,branch-misses, task-clock, faults, \

o
He
oy
He

minor-faults,cs,migrations -r 3 python diffusion_scipy.py
Performance counter stats for 'python diffusion scipy.py' (3 runs):

2.929 GHz

54.38% frontend cycles idle

35.87% backend cycles idle
1.50 insns per cycle

6,573,168,470 cycles
3,574,258,872 stalled-cycles-frontend
2,357,614,687 stalled-cycles-backend
9,850,025,585 instructions

0.36 stalled cycles per insn
185.361 M/sec

0.767 $ of all cache refs
717.006 M/sec

415,930,123 cache-references
3,188,390 cache-misses
1,608,887,891 branches

M= oSE S S S S S #E S 9 9E HE 3

4,017,205 branch-misses 0.25% of all branches
2243.897843 task-clock 0.994 CPUs utilized
7,319 page-faults 0.003 M/sec
7,319 minor-faults 0.003 M/sec
12 context-switche 0.005 K/sec
1 CPU-migrations 0.000 K/sec

2.258396667 seconds time elapsed
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Xt EE scipy IRAFNFEATH O laplacian s EPERESEDR (6 6-18), FATHT LARGE
—YIR, A ARE NXRESHREI ARSI

Fetrh i W2 page-faults fll instructions, scipy MAHIFE R
FIEHSH I K page-faults NI /RH scipy ) laplace pRERE SRS HF
PHIERAE, BEMRASE TRENFE., FEL L scipy AR page-faults FIK
B FRAVE— KA numpy EERRAREZL () 6-15),

(HEE L2 instructions fifr, E&HIFIAN] scipy (UL HEFATHY
laplacian pR#ik CPU A Tl Y TAE, RIMEXLEE#0 2 BANLr)
(B AENTATAB R RE) insns per cycle 14k, dglig CPU FE— i
WNBESENZ 55452, BN I BOA BEE 15 B0 i . X AT RERT 2
B scipy R ERIEFE A, AEE A DMEBLEA AR A AR A (B
PATRZLBU M AR Al 2 B 2 95 020 . 9k EiX— ST Ai i scipy A
WA EZ ) branches filrE Hi.

6.7 ING

B BEHATA VAL RE , BERFATEE A T PR TTIE : 8> CPU ZRATHHR Y I [
/b CPU TR TR AR, £ 6-1 F13E 6-2 TEA R B FER/D ERoR T HATE R 4G
4l Python SEHL 2 _EFEATHYAFIILALES 15 UG R XT L

Bl 6-4 TR TiX S b F Bz M e . FoATTAT AR BB R4 T Be i = A Ay
JHRH AT R T FATEE Python SEIAESEAT T AR A BL IR B 2 e i/ IME T,
HrE A s TIRAVEH numpy HiE—2B /0 NI BL S KA T4, & B
B U R T R D R R TAER 4R .

&6-1 BRI, SRR, BT 500 X evolve FA[HI T 0416

Method 256 %256 | 512x512 | 10241024 | 2048 x2048 | 4096 x 4096
Python 2.32s 9.49s 39.00s 155.02s 617.35s
Python + memory 2.56s 10.26s 40.87s 162.88s 650.26s
numpy 0.07s 0.28s 1.61s 11.28s 45.47s
numpy + memory 0.05s 0.22s 1.05s 6.95s 28.14s
numpy + memory 0.03s 0.12s 0.53s 2.68s 10.57s

+ laplacian

numpy + memory 0.04s 0.13s 0.50s 2.42s 9.54s

+ laplacian + numexpr

numpy + memory + scipy 0.05s 0.19s 1.22s 6.06s 30.31s
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& 6-2 S, SHFBRER, BT 500 X evolve FHUBLLRE Python
(1 6-3) BIRZIZFHEEL

Method 256 x256 | 512x512 | 1024x1024 | 2048 %2048 | 4096 x4 096
Python 0.00x 0.00x 0.00x 0.00x 0.00x
Python + memory 0.90x 0.93x 0.95x 0.95x 0.95x
numpy 32.33x 33.56x 24.25x 13.74x 13.58x
numpy + memory 42.63x 42.75x 37.13x 22.30x 21.94x
numpy + memory 77.98x 78.91x 73.90x 57.90x 58.43x

+ laplacian

numpy + memory-+ 65.01x 74.27x 78.27x 64.18x 64.75x
laplacian +numexpr

numpy + memory + scipy 42.43x 51.28x 32.09x 25.58x 20.37x

FNTI P B — D E BRI EONR AR 12 6 2R AU 75 A AR A 8 B AR A
IR BOEAT . X T REELIE N AF MG, SIS, BUCHH AR e frfe iy — 4
Buds, AW . HICERIa L B — MR E m] AR AR A X 2 TAR2 7Y
EUE, FAEARFITE VR ] ATEREAR AT ZAT A2 O X LB, HAR, AR
AR AN S TR R T A MOX L AR THE 7 AR, X al AESRUK LA ROFES%
(R CEEE P S 1 CR

TN A2 T HRA A HAE AL AR R L 47 CPU X —fa] SR F R A 2
. CPU AT AT M., BrARZSHI RN VAR S AL A AL 9% ek
Rokibde., B2, RERANBMER G ZERSEE I B T8 Ml sER A A0
WNAFRIBER TR, AR KA, i, B e TAET 5, it
REZEMR I 6-4 YR — AL T BIE A R 2| —E R 2 S VERER T R AN
AR SRR B AT A LI T L3 G fr . ST NTE D  EEAS 2 N T
PGS, (ER XA DU AR, RN T AR 2

A NEEMR T E A SNEE  Python 4= 52— 1 AR 25 B iy vl
PR S, LEARRERS P 2 5 AR o (EUR B ANARZE R T AL TR RER 2
WER  IXLESNEREE AT AR, B ENH R A ARGE S B—(HZE A
BN T Python 510, RAKIA R AR i BT,

i, FAME] T YRR I X SR (B iy 2 . AR AT R
B, WATHAEILA R SRRV R B EM BN T . XA E REIE T
[B]? BEBA T WFHL? REFR T SR EE? T ARG R 2
YA R T —TTEAR, TR PERE TR AR UEA T 5 B A W& — MR A HE BY
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Rtaeses
90

— numpyfmemoryﬂaplacefnJmepr oummg mum;:;y‘rmemoryfsc‘ipy Pr— UMDY
winne pythontmemory mininin » numpy+memory+tlaplace KUK nUMpY tmemory
80 '.'Q'-'w'-léf'- :
g :
E :
iy
£ »
o :
-E‘ H
m :
10 -
@ w\.}n Hirt o
256 X 256 512X 512 1024 X 1024 2048 X 2048 4096 X 4096

FEEEA D

B 6-4 AESZMILKEFRORZRADLE

ARG — s AEAR KRS FT B PR AL AE 2 R AL A8 0 B (iR
PABINARES SR vl RE BRI AT R P BT AL DA R B i Ty K ) . J34h, T
PEATIX LA I IE AL 25T FEE HANTT A, AR sh & 2 KA LS i (R Ay vl i
Yo Hen, FATEOREIB) 6-17 sPocBpffRTr R BA —ERBITE, BT AR
PRACHS LA 52 4 B0l SRR B AT VA K2 P BA o B L b e R

T—E, ROTZIRB AR B ORGSR R B o R i R S A I, XLk
FATRER H P AL 77 FOR B F—— B o BRI S e )L, R e &
HUEHEH , REEENIPGER . SR IETIERE R IR AR TAY A
B, WiRELL B SRR T Rl R RN A T B CRYITE .,
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FLT7E

HERL C

ERAEZ RIREEETSE & T3 5 &

o FREFLEIRAY Python REBVERRARIGHKIBTT?

o IT ZRiFEF1 AOT Jiaaf X B2 A4

o JWiFJEMY Python RILIZTT (A5 BB LU AHE Python 2

o N ARBIEMRET: T 4RiFS Python AL IZITHE?

o FZEFMEM C B Fortran 4 Python 25 G5 ?

o FRIZEHETE Python H ] C B3 Fortran /%7

IEARE R II T T B S (4 B I A R B OE D TAE , AR E 24 T

FHF LI HE LR T BB AR, ZIAT D184 1 A 5 T A2 4
PRAGAC T 2 3 DL o

Python A It AE T4 2 18I0, 45 4K BT C 4% /7 =X, Feli Cython, Shed Skin
A1 Pythran, FEf§ Numba (3T LLVM K45, A ERERIVLE PyPy, £
BT MNENRIEGRIFEES (IT), Mo RS LR, (RFEERBL ]S
PP R T A A3 3 ) 2 SRy T R AU

XL T B A i EE— PR 25 AR 00 TR SRS I TRk, F B Cython SIANEDK
R —Fh T EE S RBORRME (—Fh Python Fl C (IR A ) , XELEWRERFEHN
BefiE, Cython HIHHE S Al RES I FIRA IR, BNEAA C 165 KR I BUR
SOPE SRR A RS 77 T ] BE A PR, VRS, IXAR AT RE 2 — IV it
&, B RS R D/ NER 73 XA ] Cython,
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ESEERZXRE RS IET CPU FINAFHINTA AT RES A A /R 25 85 AT AR Y
r R AL . X LESARYRS (AN, ARSI 2 AR R O T 53 3 ) R A7 R
REFIIE) SR IREERTE RS TE Y, 7F H Python ZE T 2H BIRIK
RN LHEMHLL, Radim Rehifek 76 12.2 T8 T Python YSEBLERERE
Bk 4l C RSB,

FEATES, AN

e  Cython — X @M C K@M T A, & T numpy FIFEEH) Python 1Y
(FFE—L CIEFAIR),

e Shed Skin —MHTIE numpy FH5EY, H3HHE Python F il C Hy4%Hds
e Numba — & RT numpy IS AT HTGRIFEAT o
e Pythran —AHT numpy Ik numpy A A FT iR .

e PyPy—— —MHTIE numpy RIBAY, B HE Python RIHHATHRF HIFRE BT
BB} g 13625

BTIOREARS, RMNSEFICEZED, XEEZO G C R4 1FEIE Python /Y
PR, Python FZSHE API #il ctypes, cf£1i (GEH PyPy WI/E#), PAK f2py
X FPEEFE Fortran %44 Python %5 #uas—L i,

7.1 ATREIRISMRAP KB IR R T+

WRARE FBUR BT 07 2, IR AMRA AT RERS 2 20— B PO/ 7
Tt XH, RMEBETERZ L, ARIE[H OpenMP W21 L, A AFEHERT5
EARB I PNEPDITRE . FEHF 5B T PUsTH) Python (U4 A
BERBAITIHNY, HHATRA VS IEIMEEE E 2 CMFERE R, X eaIis,
AW RESE M2 IR,

PSR (BN, WA, FAFER B, R R ) rrCHETES i e Al
RER I AR LR AR T, /O AR B P [RIRE AN AT REZR B HE I S A PR T

KB, ARRARAY Python AU F T8 M [ B ALEY numpy BIRE, ARALES A
AR REBFTIF ER—— A Ui ¥R S 22 Python (5F HWTRE 2R
W) WA XsfrEER. HATESE 6 ELFE numpy 125, #HIFAZEIEAHT
P, HNBAVEZ PRIXE,
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BRITE, e AT TRORER C PIREafTBEHR, B
REHLERIRZ . MAREY Python fURSAE AL C AURSARA R REAIF 51 C BIREHFG—
FEBR, BRAR C AR SR T4 E AR YAAE HARHLER 20 L 25/ C RS,

XTI AR, —F 5 Fortran iAW RES BN C
BiRE, HR2XWA RETRERRS T RIGRIFIKEE. BARME, —MRIFERL
R (FTREMH T Cython, Pythran 5 Shed Skin) 23 QK 28R 7 7 i 75 22 ARAE
BT F5 C aiR,

LARFIBTAN TAETARR B, EEE 7-1 iee b a5 S
WA TAENZAES L ARTE IR R T S e % . FEX 2 )5, BT amifanl
L — 2 TARNAZALARIRIT BN B AR T o i il BE & — ELRUA RIS, (2
SEANBT WLENIRARER S AW ) TAE & HUR ek T8Ok Ny et , BEHE
EZNIEFILIE: PP/ GO

R B B A0 34 55

BRI TEEHE AT RS

i P 4w i3 B8 St IR B A

BIREBBAR R

R RIBREIZFATA

Ik
B7-1 —LEASNNRELNTESERFEOR, BRUREEN, WaslBaT ALY

MR AR IEFEALER Python BB FNI PN B KR, A K numpy, #4 Cython, Shed Skin
A1 PyPy AR FE LS, WRIRIEFEA numpy TAE, AB4 Cython, Numba F
Pythran J& IE#f ) 2E#E, X 4L T HERZFF Python2.7, —#E57%F Python3.2+,

128 f7%=



TS AT EE — A C iRl C ARRS, WRARERZ X AR, VRN %
FERAIRZR Z BI5E 2] — i C iR & Mg 1 — S L TAERY C 2 FP

7.2 JIT 1 AOT 4RSIt b

AV EERN T AR AP $EAi%iFTH (Cython, Shed Skin, Pythran)
A “BPES” i TH (Numba, PyPy),

WA (AOT), WA BIE—A ARG E IESE, WRIRTET
numpy, scipy f scikit-learn, EESTE/RAIPLER EH Cython ZiiEiRariy
e (BE N RARIETEE % Continuum’s Anaconda Z ZEH) 73 & A0, LS H —A>
FIA A TGRIRE) . WA TEHEHZ BigmiE X, KSR TR
SANVARIE & 2 (P S e AN ol o

T B, VRN RIMR 2 (WSRAHIE) , b gmias e o i L2248 4w
A AL RIRES S . IXEREIRSA R REh” M ——AURRE R 2>
R BB B2 138 7 H A BRI oA B 16ad, 4 ARIT 4R A7 AR5 M HLIE R 9 4 15
W, B RRE . IR FAEAR G U T A R A A, I BARIETT AR Z
K, THEMSZRREE . PyPy SR FE, B AR GEAARZH Bk b
F/N B EI2AT AR

LHIE T F AR 15413 ] AR BT R S R AIE R T, (HIX 2 S FR 2
RENTT, BRI T ENRIRZIAE R T L AR EAN T, (Hi2
ERSERIF A TR R A P, 24 R BRI BOR R, RGBS X
LB )

7.3 At AXEREFHRBERIET

Python 2R ———PMEREAEE 5 L ARE R , HF BAL A THEE
SR ARG | IR RAYRAL, XA REAUBUAE AEA LS 092 LA QR s 775 3K,
B BN FITE WA A B R T 2 TRk Bz 3 AU R iz B i Uiz
T,

TE NG, v Bg—E R, B0t —XHUCRERIE A8 I RIFST
JETEM FEFR AR E &4, B A AR ) B AT I & 2

v = -1.0
print type(v), abs(v)
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<type 'float'> 1.0

v = 1-13
print type(v), abs(v)

<type 'complex'> 1.41421356237
abs PR SRR Z R RR AAR T X AR, ib— R Aok, abs
SR TR HAE FUE BN IEERAE N EG2R . MR BORU, abs 3 R0 BRY-FI5
TP IR

abs(c) = \/c.real * + cimag’

WREBHIBIT, ERPLaSE L E 2 18 B A TEX— R i
Ml abs ZHi, Python EIcAGAEREALRIYIEA, P E MR s BURA—
—L MU R EE R R, XIS R,

F£ Python WY FHELRING RN, B integer AFE, SPOEF/ZH) Python MR AH
&R (B, —A int W3 T integer), HEEIMRARIMNIRE, WMEA
FBNFER)__hash_ pREL, A NITEIR_ str_ L.

£ CPU RIS IR A, AU BRI DURE L. iXmtss 73,1 —
ALE KA S IR IR 1517,

IRFA R Z ) — V) &R KB R AR, TN 2 =2 R
B, FATEAKRATRETRZG NI RIS . FefIZm P IEAZIPL GRS EE, I
HA S T ok sz, AR AR EE &2 R Python XT4&, A&
LHRIT R o RS, FATHEAR AT ERT R IR, XA T AE ™ A 1E
) C 114,

7.4 {EH C 4mixss

TER T RERFIF, FATSM GNU C gidasny TEAEP M gee fil g++, MR
REIEBAEC B IAEE, IRATRESIAEER M gcc gmikas (BN, Intel 1Y icc BUERMER
Y c1), Cython f#ifl T gcc, Shed Skin T g++,

gce MRZ G RULSMREFHIERE, BR8] TR SFRA Rt BRAWA
ATREFI AR B IEEE (BN Intel fY icc ATRERTE Intel By EAAUEL goc HpR
RIS SREAE R PERE, (HR AR VR A LRI — LB 2 1 U iR
HH2A BN goe Mygiias_LIERE R R HIT R IT,
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C M CHAHPUNERSHIES, MAMHEAMES, B Fortran, XZIHAT C
I CHREEEARTE B B SCR R . ik flctids (Cython 45, FERXFRE LT
SERARAR) A HLS R S TR AR AR AT b E B A P R (AR P 1B R SR T B 31 J
IF) RABERM . X RFAREZAM A T34 (H Pythran, Numba H1 PyPy
PAT) R THLSRES G Python FEATARIAIH, AN 258 HIRE)Z i 48 /L n] BEA
HE&E WA,

7.5 &3 Julia E£/951F

[ 255 2 BHATHT 1 Julia £7= 4245 o 1XCRD B BEBOMSZ Kok A il i 1&L Ay o
BRI SE CPU BERAAY . TEAURYS i BRI A T 35 Hh A1 3R A TR
W, X2 CPU HERMA ., X MIREHPAELTTERNBRREIRES, Hha
MERZE T AR MERTT

AR AHE R TER] 7-1 H,
5l 7-1 &2 >] Julia BRELAY) CPU 2 HERAHY

def calculate z serial purepython (maxiter, zs, cs):
"""Calculate output list using Julia update rule"""
output = [0] * len(zs)
for i in range(len(zs)):

n 0

zs[1]

cs[i]

while n < maxiter and abs(z) < 2:

z

C

z =z * z + C
n +=1
output[i] = n

return output

TE Tan YZEICASHG b, JRUGHY Julia ££7E 1000%1000 A& F it 9f H maxiter=
300, ffiHiE177E CPython2.7 FRY4EKE Python LB, THEIMELT 11 7,

7.6 Cython

Cython 22— REIERIUTEARAY Python FEHN — N R AR IFBIR A Hias. AT
fEnlE C —H+E, BEAFR— DML Python BHRABFERT ] import R A fefbitk, —
THaf R, [BREA— s, WHEREE PRI, X
Tan Kiji, Cython J&—NAJ DABERRRY T B, FIRATTI S S L 00 ok B0 S R A
i, XRETERZEME, BEEMXT OpenMP HSZHf.
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Wi OpenMP fiifE, ‘& Al FEILHAT MBI o 7E— & 2% CPU Hlas Lisfr i
AL BEES RO, 2R MARET Python RUAS BRBGE R T, EATE L LAY C RS

Cython (2007 4F%:A17) J2& Pyrex (2002 4F%7f) W—>7052, TEJAG Pyrex Btk b
VRETHES, #H Cython BEfLTE scipy, scikit-learn, lxml Fl zmp,

Cython REfEHY FH R iE 1T —A> setup.py BIA % — MR, B HEEWSFE [Python Hil
A~ “magic” MARZEMA, BHEIEN TR BT REEMR, RE-LE5
M A AT RERY

7.6.1 {EH Cython #gi¥ 4k Python kA<
TS — N R PR B B 7 I 3 A3, A IRATHY Julia 1 R61F,

EflZ:

o JHHIERY Python A OOk H RITHAY Julia fATHH),

o TE—/HT.pyx U TR IR R AL

o —“>setup.py, W& T Cython Kl Y FREERATES

FEHIXAN T, setup.py BHIATEA Cython $8.pyx SCHRGRIFR— A gmiRtbk, 7538
UNIX 2%t I, JmiFtin] gE &2 —14>.s0 XF; 7F Windows W iZi2—1.pyd (2
DLL ¥ Python J%) ,

XFF Julia (617, AT

o julial.py, HEHN AR THEREL,

o cythonfn.pyx, & THATREIEMNY CPU BAETURKEL,
o setuppy, & THEES.

1817 setup.py MIESRBURIRIF— N REBH S ARIBLER FEB] 7-2 1 julial.py BIAH,
FAT R T 2 LR N R S AT BB F AT B R

Bil 7-2 S ARSI AT R EAR T
igéort calculate # as defined in setup.py

def calc pure python(desired width, max iterations):
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start time = time.time()

output = calculate.calculate z(max iterations, zs, cs)
end time = time.time ()

secs = end time - start time

print "Took", secs, "seconds"

TEB] 7-3 1, BA TR A KRB A 4L Python IIASTT 46

%] 7-3  ¥E cythonfn.pyx (M.py Efii44) H'°A Cython Y setup.py M AR LS
LAY 4E Python 1A%

# cythonfn.pyx

def calculate_z(maxiter, zZS, Cs):
"""Calculate output list using Julia update rule"""

output = [0] * len(zs)
for i in range(len(zs)):
n =20
z = zs[i]
c = cs[i]

while n < maxiter and abs(z) < 2:

z =z * z + cC
n +=1
output[i] = n

return output

B 7-4 HEIRE setup.py MIARFIER, BE X T cythonfnpyx ik h
calculate.so B 7%,

5l 7-4  setup.py, & cythonfn.pyx 44 Cython Z4wiFH) C 105
from distutils.core import setup

from distutils.extension import Extension
from Cython.Distutils import build ext

setup (
cmdclass = {'build ext': build ext},
ext modules = [Extension("calculate", ["cythonfn.pyx"])]
)

BIATLEG 7-5 H I S H build_ext iZ1T setup.py B AT, Cython £ #4% cythonfn.pyx
A2 calculate.so,

#%
PR R —ANF 3 I —— 4o RAR LA T 4R 49.pyx XA setup.py, 12

REIREHKBATMEGT S, RIS EF—AZFANEH Y s0 A2
W, W RAR TR ERE RIFT KA, &2 so AR, R IREE
35, MIRA R C L Feso XM, FEHME.
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B 7-5 1817 setup.py HH—IHTHY R IR

$ python setup.py build ext --inplace

running build ext

cythoning cythonfn.pyx to cythonfn.c

building 'calculate' extension

gcc -pthread -fno-strict-aliasing -DNDEBUG -g -fwrapv -02 -Wall
-Wstrict-prototypes -fPIC -I/usr/include/python2.7 -c cythonfn.c
-0 build/temp.linux-x86 64-2.7/cythonfn.o

gcc -pthread -shared -W1l,-01 -Wl,-Bsymbolic-functions -Wl,
-Bsymbolic-functions -W1l,-z,
relro build/temp.linux-x86 64-2.7/cythonfn.o -o calculate.so

--inplace Z4ik Cython &4 i H R A SIS, A RTE— ML A2
HH., @G, RIS A WA R P E 3 cythonfn.c F

calculate.so,

PAE 243247 julial.py BF, &5 A4IFEEEL, 7F lan BUEICABNRK EITE Julia ££7F
8.9 Mhpufitse, MAREHKWZT 11 7, X2 MERMED TIEEM/INVINEE,

7.6.2  Cython i f#sk 534 {05

AT 7R BI FAT TR T AT RS b e — R, R R TR A1
FORE, RO, RO, FATRBZE A RN 2
MREAR T, SSEREAEAS B e T I £,

Cython A& —MEMEZEI AES) H— AT ALEFRAIFEN Vs L &EF R HTML 30, %
PR, BATEMA a4 cython -a cythonfh.pyx 74 fir i SCHF
cythonfn.html, EX Va8 o E B AR K 7-2 AR, — KR LI A FE Cython
SO AR,

20134F11H10HE H18: 40: 05 Cython0.19.24% Bk
BRI cythonfn.c

1: def calculate_z(maxiter, zs, cs)

2 """Calculate output list using Julia update rule"""
3 output = [0] * len(zs)

4 for i in range(len(zs))

G n=20

6: z = zs[i]

7 c = ¢s[i]

8 while n < maxiter and abs(z) < 2:
o= ZE Iz Nz EC

10: n+= 1

ils output[i] = n

125 return output

7-2  FEhR Cython BYIEERER XL
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BATRBHIGEY R B A M C S, EEZRIEOEWE "1 Python
HEALAMT, MHEZHH GRERE “EZH9E Python i) C 187, HIRE2HR
SROATREZ I (T AR BEZ A 1 (R 4 3R

R “HEZRE AL BREEZMENYIRA, B A—E LR RS
H1%, A EEAWUR A — TP, (B S BT804S 2R TR ER Y
BRI A AR . FERIEIA MR (A0, 7EeR BT ae ab 63 i i) —47)
FEXT T PERA T SRAE BRI AR R U AN o A SR [R) TR SR AE A St 18 1247 7
BRI RS ATIA],

TEFATRI BT, HBLE[E R Python MEMIWLEZ IRAIHADAT (“BRIFHIEE”) 25 4
FTAES 8 47 MIRATZ BTAEIAT T AR, FRATEES 8 F7 T BEgia i 7 3 T1
K, PrAX @ — 2 PRI IR IR 52

9. 10 F1 1AL FR—HERERE G, FRITEAEEITRIEREHNIEERN,
B, e TR R TITR B CER Sy, Br AR FR 2 E e b e L,
URARTE B MR Z DI LS X L T, i E 2% 2.8 77,

556 AN TATHY R GTREGS T, BER TN 7T —H IR, e &EAR
HEZ MG T, BrASRAT AR R S T EN S b SR, FNE]
EHNIFRIG, TV EAINERIRTHUN IR BOE L, BRAEMFA TR SAE 7.8 17
LR AR, numpy BRADREUAR 1ist XFR, Xk VN L

N T PR 0 D, FATT R ARG T 4T, FEIR 73, FRATATDAE
P TR AR, HABES T zs BRI, QU THRIH Python BRG]
T ECH) Python X5, JRAE X LETH LZFERTAY, ENTA S EIEZ0IX R I 11
FrtrE],

N T I BB AT I TR], AT ZIT A I R A IEAY, XL R EHE T HE
I AR o XK B ER A REAS B DA X AEIRT A ] ] Python MEAUATLAGIRAL,
NIIRER=YiniLT

—EAE T, ATRERRINAE CPU BRI AR AT 2 R IR &,
o  TEREMNTEIRN,
o fAE|H list, array B np.array jXELI

o PATHEEIEH,
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2013%11H10H/EH18: 40: 05 Cython 0.19.24 A
EisHit : cythonfn.c

1: def calculate_z(maxiter, zs, cs):
2: """Calculate output list using Julia update rule"""
3: output = [0] * len(zs)

/* "cythonfn.pyx":3
* def calculate_z(maxiter, zs, cs):

= """Calculate output list using Julia update rule"""
- output = [0] * len(zs) # <<<cccccecec<<
* for i in range(len(zs)):

& n=20

7z

__pyx_t_1 = PyObject_Length(__pyx_v_zs);
__pyx_t_2 = PyList_New(1 * ((_pyx_t_1<0) ? 0:__pyx_t_1));
0 (__pyx_t_2);
{ Py_ssize_t _ pyx_temp;
for (_pyx_temp=0; _ pyx_temp < _ pyx_t_1; _ pyx_temp++) {
Pyx_INCREF(__pyx_int_0);
PyList_SET_I (_pyx_t_2, _ pyx_temp, _ pyx_int_0);

(__pyx_int_0);
}

}

__pyx_v_output = ((PyObject*)__pyx_t_2);

_pyx_t 2 =0;
4 for i in range(len(zs)):
SE n=0
6: z = zs[i]
7 c = ¢s[i]
8: while n < maxiter and abs(z) < 2:
D: ZElZint
10: n+=1
11: output[i] = n
122 return output

7-3  f£—17 Python {{IB/5EHY C {13

=

S AR I S B AR R ABATHATAT I, A — A2 T AR REE
#)——1line profile, f£ 2.8 ¥ Pitibit, {44245 )R 24T /2 Python
JEWALF HAER S, ZHRHRH —ANEWRIE AR F TR
ATVASRIF SRAE MR

7.6.3 Hpn—LbKRY TR

K 7-2 R TERBULF-E—478EE T Python I, FATHrA REUE S HAR
[ T Python EFUAL, B MFRATMEH A2 52 Python X§ 4, FRATFEEHIX LLER
Ao A C X%, BEEMTEE S E MRS, TR EIESS R iR
Python X4,

TR 7-6 H, FATSHERNEFEMFH cdef BRI LR IHIH

#E

AT EALEY AR KR R 484% Cython 32 f#, ™ &2 Python. Cython
1% X s KA Je Python K444 4 C 2t %, m R F £ = Python 4k,
RXEREELREPATHER, 2RMAT REEFAFLRE.

136 f7%=



FATIE I RALE

o AfF5EH int,

o  HEENIEWTLAFT 5L unsigned int,
o AKGEE R double complex,

Cdef XEETFTILRNEREANEIALR, 1 CIEFMERNTOR, XKLL
H IUAE R BT

Bl 7-6  $EMEGS C RAUTME AR g R s TR, @il i CHEZ L
YEM T8 /0 Python FEHIALE T/

def calculate z(int maxiter, zs, cs):
"""Calculate output list using Julia update rule"""
cdef unsigned int i, n
cdef double complex z, c
output = [0] * len(zs)
for i in range(len(zs)):

o

n
[1]
c [1]
while n < maxiter and abs(z) < 2:

V4 V4

s[i
cs(i

z =2 * z + C
n +=1
output[i] = n

return output

£E

3% o Cython 72/, IRIEAEL pyx 3 i3k Python &9/, X EvkA
ik kT MRS T IF A Python 89 R R A, T3 E CimE A
AR, KRNI T R —RiF—E /TR RGBT ET.

IRl e AR AR A W] AAE NS RAL AR Tist MRS . FATRERS (1
list KT, HREERAPXN XA, 1ist XRERAFALE Python JZ
T AR AR RN, BRI,

S — AT RIE IR R BIAAE R 7-4 T B RO T Ik, 2R 11
12 AT RAR KA AT —1X 2 7 AT B E I HE—IEC R il
THE, ERHENAEREE Python REAUNL 1. FATAT ASIR: 5 Al TH 0 A HE
BZ IR —MRRHE ST, 5 10 AT9dR M Tl 3000 Tk, FrAFATE 2
BHEPEE L,

RiERY C 137



2013411810HE H19: 05: 41fCython0.19.24 A%
FRigHid : cythonfn.c

1: def calculate_z(int maxiter, zs, cs)

2 """Calculate output list using Julia update rule"""

3 cdef unsigned int i, n

4: cdef double complex z, c

L% output = [0] * len(zs)

6: for i in range(len(zs))

7 n=20

8: z = zs[i]

L H c = ¢s[i]

10: while n < maxiter and abs(z) < 2:

1z z=z%*z+c

12: n+=1

13: output[i] = n

14: return output

7-4 FANBIB—TRIELER

FER )G, X AIET 4.3 BRGEMAESF . RO s B TR Ay ksh, FeAlk
H TR Python BUAS WA Y E o

EAFEE LAY FRA TERAT S i Ji PR 2 B 22 0 R e S pic®) 7 C YZ TH——
TEIXNGEGIH, EHT 2z fln, XERE C Gixdriets ML EIRZ B R EORIH
TR R FIOaE, AZ LT AR 18R Python EHIAL.

FATER 7-4 AT AF 2] while JEFRE 2 A M4FEM H) (BEEIY) . FEmBOTE HIAE
F Python X{&Z 4% z ) abs W%, Cython A X5 HILMLIF AR abs hEL, 1
N, AT AR B CRIAHY 2,

BUANAS B AR AR AR, X— DML abs 35 KO SEHRAN R AP ~F- 75 1P 75
o FERATBM, BAVEEFFLRAF RSN 2, SHIFFIR, &
AT PRI N 55—t sRkoF 07, PR THE <2 Feiio <4, Xttt 14020
BT ITRRAE N abs sRE R A LR,

S b, AT AT A

\/c.real2 +cimag’® < J4
FAMEA L2 5 .
creal® + cimag® < 4

WERFAIE T ISR T sqrt 25, RATER R PITEEZRRTT, ik
SRR P — e L e R AT RERY DT o 181 % R — R B iR 2 B AR R RS R
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XFE HIZHEWRE C FmiFdre P T e ERAIIE, MRS EBMER

ALK,

G 55 55 M A ELRE TEARR SR 4 A SR AR kAT ] g 1) BTl A P 18 114 5 PR DR 33 o 1 SECRE R
AR ENE (O] RESEOREAR A AT e ) R AR ERAHATHEE

BEr e T— 07, W61 7-7, K RATE 2N —rRifb iy edesRis X
AR FERT ) abs pREL,

#7177 H
def calcul
mm "cal
cdef u

Cython 4" % abs PR

ate z (int maxiter, zs, cs):
culate output list using Julia update rule'"""
nsigned int i, n

cdef double complex z, c

output

for i
n
Z
c
wh

ou
return

= [0] * len(zs)
in range(len(zs)):
=0
= zs[1i]
= cs[1i]
ile n < maxiter and (z.real * z.real + z.imag * z.imag)
z =z * z + C
n += 1
tput[i] = n
output

4:

WA, FROVEFIFESR 1047 (& 7-5) VA while A AHHR B/ IV NG
Bt, MAEEHE TR Python REAWNLIM . REXTTREMSHRIGZ DRI R

Y AR R Z WA, (B2 FAIHEX

MR — MR TEREIRTT .

TR TH 3000 Yk, HLFRA]

20134£11810BEHE19: 21: 24@Cython0.19.24 %
R : cythonfn.c

1:
2
3
4:
b
5:
7
8

9.

10:
11:
12:
13=
14:

def calculate_z(int maxiter, zs, cs)
"""Calculate output list using Julia update rule"""
cdef unsigned int i, n
cdef double complex z, c
output = [0] * len(zs)
for i in range(len(zs))
n=20
z = zs[i]
c = ¢s[i]
while n < maxiter and (z.real * z.real + z.imag * z.imag) < 4:
Z=zZ*z=xg
n+=1
output[i] = n
return output

B7-5 BRAMSFRENEEITREMR

RiERY C
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AR BRI —— @ o D FE S N PEFR T Python T A AR EL, FRATRK
PR T R s B ], XAETRAR R 0.25 BitiTe e T, BA B FERA
40 FEREERRTE, 2 ABIL,

'S

Cython X /LA 4k, C 697 X, A —biX 245k ey 2 KA M7
I ARERFEE., o RARRE—AEHE6AERMEA Cython,
H# & pyximport & 7 1& %) F FA~42 Cython, 4% iz 3% 34 & 45 Python
T

TR Py B 2 T RERY EREE, FRAT AR I list R RgREAMRG |HAY 2 FUR
&, RS ERH I ORER AN A7 ) 2 B A Y 2 ] £ C 1,
RAEZTLEPVIN TEEBHBAGNIE, AR R (T2 —1
BARRD),

Cython BRIA 2 (R 556 T 28 51k LR Hy Tist TR0 7EIR), SE R 4P 5 HE T
— CPU IR, RS R TAARECOSMRTFAL, FFOAR IR L 2 i R i
. BRSSO RN, ARSI E O RO, R
B R R A ML SR RAE list OISR IA.

Cython SRR TFHR AT DA R R 7 Sk I, BT BLRAE pyx X
PR AL E (T PR 00 DA F S 28 s e o
B, B TR, R pyx SCHEIFAAOUREAIS Cython HE T — 7

4 (directive)

#cython: boundscheck=False
def calculate z(int maxiter, zs, cs):

TVERMR, SIE R RS R, B % TAMRSR T, TR
SREI P IRER A, AET ORI, ERS T HE SR,

&=
Jo B ARE CPU 5 EAXALESNEM T B3RS, 23K 2k 2 R Al
B A B S

7.7 Shed Skin

Shed Skin f&—MF Python2.4 ~ 2.7 —E{# F F) L5654 8 Python 5%k CHHH 415
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B, B FRAG K H A Python BRI —VERE, BdMr o
HIRSPERNE AR C AR, AT ARE g++ 2 BIPRHE SR 125 1% . H 342 Shed Skin
P — MR RRHE, B R BRGRAE—AN K T B IR 28 n 5 e 6 FH eRi 45
511, Shed Skin 2x1EF FRYHEAM T,

R G| I 2T AT E R XHF A A28, AT B a2 i as 75 2
REfEHE T AR B R R R, FEYHT A, ET47 Python fAIBAEDIH
R C, ‘BT T Boechm BFRC-IGEFRBIRIERS K B S E N, Boehm [
B RSt T Mono Al Java i GNU %ii%#%. Shed Skin FyELS 2 EM A T
MRS IRIARHEFE . AEMIA B SE IR (B numpy) REARAZ S,

BATIHA M 75 M7, S35 TIF2EF TRF T HRSE Python i, H£24H
— MBS EEE TAER) Commodore 64 FEMI3%, &F—RHFE Shed Skin 4ii¥ )5,
AH LA HIIZ 1T HY CPython, 3 BE453 B R AR T,

Shed Skin REMJEIISL AR PATRERS, AT B 2051 Python 22 6L BETEHT L
Python fUA%H ] import S ARYY RS,

G HHVEEEAN] B SN . XEWRERE Python JERRR AT S IIZERH H.
SRR DK 2——c BRI =TT . RN (B, — S RHEE) h
TP IR EE, FINERTRESHIBEE T,

Shed Skin $2{ft T #1 PyPy —FEIIRZ4r4L (35 7.1117) . B, PyPy AlREEA S
R, HNEANFELMIIFES TR, Shed Skin HBIIEMZAH @AY X ] gEiL—
BeF PARIERGER, I HAEBUR C ARAB LG Cython AR BUA W BEPE RS, ANARMRA BB L
FER C ARBAIE . FRATHE E I E Zh AU R Skt X A i He A 2 345
95 H REBOGER,

7.7 FEY RARR
BRI T, Fl &b — B, R4S ALRESR, HI7E Cython
H 7R U BIRTRRE . F T U RE ST MR AR P L — ST R T T A

TEB 7-8 H, A A —DNHEMAZALR B AR R B, B T IR R 8 Python
R, LEFEHANCEHM T —A__main_ JA——XERGXMEHR] Agoh
SLIBFTARMZERL T, Shed Skin RERS X A~__main  HORIESURBIFHISEL,
MIMEHEF LA calculate z WBHIA, JMHHFESHTE CPU HER RN
FIORT B R 2R A
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Bl 7-8  FEFATH) CPU I R AR E] — 2 BT E (WHINFATH Cython
AFARKE) kil Shed Skin Y H 22K AU S R 401517

# shedskinfn.py
def calculate z(maxiter, zs, cs):
"""Calculate output list using Julia update rule"""

output = [0] * len(zs)
for i in range(len(zs)):
n=20
z = zs[i]
c = cs[i]

while n < maxiter and abs(z) < 2:

z =2 * z + C
n +=1
output[i] = n

return output

if name == " main
# make a trivial example using the correct types to enable type inference
# call the function so Shed Skin can analyze the types
output = calculate z (1, [03], [03J])

FATREBGMB] 7-9 HHRHE, BERT ATEIX MERGE IR IF 2 I A E, HA] DATEIX M5
P it 2 JE T AE, SUREE Iy ice: ., BARIE A ks CMEEH
Cython L) , FRATLAEE S 1% w1 VE ] Python Ay JRAE B, A1 SRARIE A J 131 AR K
1, RAXBRHEERA, (B2 IRAEWE HER Python THPA—MREEHRT
e S

B 7-9 S AN LA LE Shed Skin 4iifE

import shedskinfn

def calc pure python(desired width, max iterations):
#...
start time = time.time ()
output = shedskinfn.calculate z(max iterations, zs, cs)
end time = time.time ()
secs = end time - start time
print "Took", secs, "seconds"

WLARTERI 7-10 BT, FKAIGEMA] Shedskin -ann shedskin.py il Shed
Shn&ﬁ?ﬁ?ﬁ@%ﬂﬁ%ﬂﬁﬁmﬁ XA shedskinfn. ss.py, QIRILATE
G — R, RATATEAER__main_ RECRMMT “FhT7.
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Bl 7-10  #i#% Shed Skin By A T EHESH T FLEEA

# shedskinfn.ss.py
def calculate z(maxiter, zs, cs): # maxiter: [int],
# zs: [list (complex)],
# cs: [list(complex)]
"""Calculate output list using Julia update rule"""
output = [0] * len(zs) # [list (int)]

for i in range(len(zs)): # [ iter(int)]
n=o0 # [int]
z = zs[1i] # [complex]
c = cs[i] # [complex]
while n < maxiter and abs(z) < 2: # [complex]
z =2z * z + C # [complex]
n += 1 # [int]
output[i] = n # [int]
return output # [list(int)]

if name == " main ": # []
# make a trivial example using the correct types to enable type inference
# call the function so Shed Skin can analyze the types
output = calculate z (1, [03j], [03]) # [list(int)]

main_ FYRBAMNIZ G, BBTE caloulate z KIPIRE, A0k 2 il ¢ UK

RERE S ENTA LB R HES R,

FM1# ] shedskin ——extmod shedskinfn.py RHiFXAES, &4 T
S

o shedskinfn.hpp (C++3k30{F),

o  shedskinfn.cpp (C+HEICHF),

e Makefile,

Hidiz4T make, FATHAE T shedskinfn.so, KATREME I import
shedskinfn ¥£ Python H{#i ], H] shedskinfn.so 4T julial.py HIHFIE]
HA 0.4 B—— ARG ICAS, TR/ TS T ERRER,

TATBEERIT abs B, WANFATH Cython FEB 7-7 LAY AREE, FEIBITIX MR
A (HT abs AB—47) - — L& /M bRE L - —nobounds —--nowrap 2 Jg,
FAVEFE T —A 0.3 PRy ASATHE], X Cython UAFEE— & (12 0.05 7),
BEREMAFEFHIAZREELS ., X5 H Shed Skin KM LEARE S . PyPy
PAFHIE 3R BEIB AT 73X MRAG 4AH ) A
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g5

{2422 B % Cython. PyPy #= Shed Skin f£iXAMs]F ¥ %1 T AR 493k
B, 2K FRERERX R Ewm e E R, AT R0 B FR RER
i, ARSI B RF 49 T B IR AR B TeY Sk

Shed Skin FLVFRAFBABISNY i HILE T, tLin-ffast-math B(-03, JHARAER
FEME A (R ESATRIHME R, TR TR B A Bt A Ay
R g il (PGO) SRUGAMUT HE— P By ST, SR HAT- 7]
AL BALE Julia BB HIFFEER, FESE B Bl F RSB HEAUR .

PRBLZHEE B RO RO 32 HORrR, WSRARAREEHRAY 64 HERPRREGE R, AR 2t
P -—Long bRl VR ULV 1%k G0 7 5K 22 Y N TR P20 L/ N (B30, new tuples)
B R A BE R SUAL B EAT

772 WNIFENRFHE

FEFRATHY R BIH, Shed Skin i i FEEHR Tk iz 4 C 288809 75 4 Python 1Y list
X} 5 #% D1 Shed Skin FIFREEHR, BEETEPRITREIRBIES RN C RN
Python ] 1ist, XSLEEHAIFE DITETRAA] . X IAREE 5 T RATERTI SR T E
FZ Hok 1 0.05 #5 (FHE Cython L5 £ T 0.05 #4) 1E?

FATREAS 12 24 Shedskinfn.py SCPFARALERSEBR ) TAER , X HEFA T AETT 3928 i Shed
Skin {EXAEFEVESE HAYITH . TR calculate _z BARMRR NPT EHY .

def calculate_z(maxiter, zs, CS):
"""Calculate output list using Julia update rule"""
output = [0] * len(zs)
return output

BIATHIXMERREEINT Julial.py B, PATHIEEET 0.05 & (BARAEAR
HEEMER) . EAEEZE 2000000 5 5 113 calculate z FfiE
1000000 ™#EEFF- U8 DU SRR HFES . &) b, Shed Skin A1 Cython A& % 7 AH[RIHY
PR, PATHE B2 52945 T Shed Skin 7E— NI B NFEZS (8351 T, AR
T TE WP HE P R BRI . REMRY S —Tast2, @ Shed Skin, RALTISEM
VMR TAE, 74 TS ZREE,

7.8 Cython 1 numpy

list Xi5 (fENHER, WEH 3 &8) e MRS HEAEIHE, FoAENIps i
XA AFAET A PR EAL . TIARSZ , array XFRAE RAM HFESEH 77 il [ AR 26
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3, Refppr LR Sk,

Python H A array #ih, SJRal R A 27 (OFFEEE. F M8, F4FE A Unicode
FH) AT —4EFE, Numpy ) numpy.array BT ZYEFAEFIE 2R
JRAERA, WHEE R,

BUAR T 77 K BERVTH—A> array XG0, WERZREEN B FIIHHT—A

JFAETR, Sidas 2R PR AV FZIA N AL, TARZ1L Python it H
—MEERHE, BRREIET R TESHT, 75 C AR RRITE T — T
Mtk 2521 5 250, T RZELE CPython i ERIFHEIMHFIZE R, H X W K
e Y REAUBIL [T i

IRBLZERE R 7RI T H TR numpy AT AR Cython ¥ (Bil4n, H
s EN— 1 EE Python JIAIZTT), KAREE 71 MOBL5E——imi 258 ) Python list
A, EXRAMRAETE 11 7, 18127 R FLRAE numpy lists WG| H4E—
MICERMIF I ——EMRAZ X R M BT Y, RIS ok, Rk A
HELEW, @A, RO 7TX I,

Cython A A PIFMERIR I IEATE 2. B2 Cython UASAE —FPRFIARY T[] numpy
array HYZEA, (HEEE BRI ZEHFEOIGED memoryview GIA T #Ek
—— AVFXAFSE I T ZAF 3 L A B R AT R AR5 1), €04 numpy arrays
A1 Python arrays,

FEEOB— IS 2 N R R A S e A C b=, MARRELE
BT Python X G2 e i HABTE =,

Bl 7-11 FRYRIEERE LA — R BEORRYSEEL, B 7 RADBEME) memoryview ¥
5k, BREAIER 2 NBHUE double complex[:] zs, FERERNIA
A O L17EWY) BOBOR AR 4, B 7 — A —der i (h—1E

%: ?"?Eﬁ)o

Bl 7-11  Julia 713 58 $ 9 V% numpy HUA

# cython np.pyx
import numpy as np
cimport numpy as np

def calculate_z(int maxiter, double complex[:] zs, double complex[:] cs):
'"M"Calculate output list using Julia update rule"""
cdef unsigned int i, n
cdef double complex z, c
cdef int[:] output = np.empty(len(zs), dtype=np.int32)

RiERY C 145



for i in range(len(zs)):
n 0

z zs[1]

c cs[i]

while n < maxiter and (z.real * z.real + z.imag * z.imag) < 4:
z =z * z + C
n += 1

output[i] = n

return output
B T SRR AR B A SEON, FRAOTEEM TSR, | empty /E
OB T — 4 numpy array, ] empty K E RN, HEAXM5E
BHEUERIIRAC N, BT AE RN SRR T, ATENEA P 2B GE A array
INE, FTARNMAFREELE S EMBIAME, XE I H % array BINEBUER
INMEZERR— A

FATB TR, FRARWBEERAK R abs WM., X MAR T 0.23 708
SE——4E R R SRAER 7-7 H Y 4E Python [ Julia 51 1) Cython 1k A BERS fHHR—
Mo 4l Python HUASA B UA#ES | —1> Python ZEOW REYFFHY, (H2XLEMEIH %
T AMEFRS, FrAAR S 2D HATE R, FEAMEIRZ 5, FRATE T X L8748 & 4
HipA, BATRA “C " 1817, XA numpy 12 Hi 126 Python {5 F-H
) PTG PR ER XA (3] A B A 1 A R B9 AL B, BT DASRAT s 1) f) 22 S VA IR T A MIE ER R i
fife s | F AN B AS R B

#E—AHELER OpenMP RMFHITHRATR

(R AR BB 55 9, LEFCAT 16 — TR OpenMP C++" REAH 7L AL B
LEFAT AR I 7 U, WIS ARAG FRTE A3k MR, TR 2 SRR RE IR B S e 1
CRIRZ 3TN

OpenMP (Open Multi-Processing) f&—E X REFIIEF-& APL, SCRIHFATIT,
PAR5 C. C++Hll Fortran FNTFILE, BRMEA T RZHHIPN C Fiikds, W
R C UBEREEERIE, AT STEgRIERIN LE, A EBSIT & H
i Cython 7 T IR /NI T AR &,

5 Cython —32, OpenMP HENSE 14 i F] prange (317 range) #AEFTAIZS setup.py
il - fopenmp ZRiIFFEHIT R IAMK, FE—A> prange fFFRPRY TAEFEEDR
MR IATIE T, FRFAI1EE I T 2R MR8t (GIL),

—MEULE B3R prange RIS ARA BoRTEB] 7-12 . ] nogil: RAEHEEIE
GIL iy, FEX MUMEERNER, FA1EH A prange JHIEIIT/H OpenMP 471
HoRMAZIT RS 1,
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LA GIL B, KAT—Z REEAFH Python F & (#ldw, lists)

AR, SLIRE R AN R A0 T 3 memoryview T 89 £ E KR
. deRGFATHRAET WAL Python xR, R TIFR KM AMZ
RGN AL M, miXZ GIL ZE# %4, Cython KLk,
1154245 Python 5T %, (2R e RARZKAEM, R 248K 5 4= H ;K.

%1 7-12 34 prange 5 J5 H OpenMP JH1T4k
# cython np.pyx

from cython.parallel import prange
import numpy as np

cimport numpy as np

def calculate z(int maxiter, double complex[:] zs, double complex[:] cs):
"""Calculate output list using Julia update rule"""
cdef unsigned int i, length
cdef double complex z, c

cdef int[:] output = np.empty(len(zs), dtype=np.int32)
length = len(zs)
with nogil:
for i in prange(length, schedule="guided"):
z = zs[1]
c = cs[i]

output[i] = 0
while output[i] < maxiter and (z.real * z.real + z.imag * z.imag) < 4:
* z + C

]

=1

zZ =z
output [i

return output

N1 4% cython_np.pyx, FATAEAEU setup.py A, AR 7-13 1 EIRH)
HREE FA T E @M C i s vE 4% ] 8] 6 1] - fopenmp VEAZ KR H M OpenMP
PAK AT OpenMP JE Zofi

Bl 7-13 iy Cython ¥£ setup.py H3E /il OpenMP e MI AN BERE g AR A

#setup.py
from distutils.core import setup

from distutils.extension import Extension
from Cython.Distutils import build ext

setup (
cmdclass = {'build ext': build ext},
ext modules = [Extension("calculate",
["cython np.pyx"],
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extra compile args=['-fopenmp'],
extra_link_args=[ '-fopenmp']) ]

)
/] Cython /) prange, FATREWEIFEARMAE T X, #H static, TAER
AR SJHAE W] B CPU Z (8131 . ST — LT 58 A IR 8] E R IT B AR K
Y, H— BT HR/N . WRFEATH static ik Cython 7E CPU Z [A]-F-4E il T
VRS, B A—LE DI E L 55 Sh—BESE AR, ARBE AR 22 A T 25 RS

Dynamic fl guided R ANAS I ZMEX AL, 0] AE S A2 AT I Bt
TAR B /IR, R TAR AR5 (B AT A2 I, CPU 33 2 A5 5|
OrAT . RPAREGAAS R, IE60 B9 VPR 2 RARIR VR A AR A 3RO AR BT EE

L5 A OpenMP HIfEf] schedule="guided’, FAHEHATIAIFEIRE] T #E
0.07 #p——guided FE SNSRI TAE, Fr AR DRSS TR,

AT AT RE XA T #cython:boundscheck=False 3f&E i FEH,
{ER XA 2 PR A TR 1T 1]

7.9 Numba

% H Continuum Analytics ) Numba 2—7% T numpy {CASH BRI i 4R iEss , 7Fis
Pl LLVM gy (N2 BEOTEZ /e Brie g++8 gce) kgmik. €
AL, FrASIRH BB TSN, B SRR it —A>
MR REL, e Z AR R it T — NI S IR E R EE T TRk gy, #E
Rl Numba #:F, B/ B8 E7EFTA AR numpy RS FizfT,

XRE—AFEAERKE (FRA1EH v0.13), B APl Tl fESMiE S — IR K R4
ANVINEERAR BTN MBI EE R IR A . WERAREE A numpy array,
I HAEREFZ R AEM 2R, Nunba £ 458— AN POE A FAT A2 R0 )
A,

1/ Numba f)—AEtsigie TR — @A T LLVM, HARZHMEIN:., &
IHEEARME A Continuum #YJ Anaconda &6, FAESRME T rG—Y), HMAE—
A AF IR 2 % Numba g — MEFEI YA 55 .

B 7-14 R T A AT Julia BREE I @jit 26 as . X0t B s ) 4=
T, numba ¥ F AW FLERE LLVM HLE SRS TI K IEVEM , 158G ik
XA PEER
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Bl 7-14 b pREY H @jit R B4R

from numba import jit

éﬁit()

def calculate z serial purepython (maxiter, zs, cs, output):
WERBERTeIit gy, AAXZMH Python2.7 1217H) Julia /KA numpy
BA, BAERR T 71D, HEhne ] it Bl S AT R EARE) 0.3 £, X EAMREIL
FATH Cython IEIEER T, IR XA 2 HIEMR) TIEE,

WRFEATIER—A Python ZiEHEE 2 IRFzfTI IRy K&, BE ZHGHE TR
WRS B —FERTEA TR B R M IF H R T, Fr AR AT R bR, 56
2 ¥k Numba HJizfT 45 RGN THATZ BI—E A Cython Fl numpy FRAFHILER (B
PAE L AT B A 28T DAL ] 5 Cython —HERINEER ) . PyPy A [RIFER) # 5

=M Numba LRI, (EATERAR VKR ALE Numba £ BRTE— i R EUM AR
W IEAEAL PR A A, RG] 7-15 wh, FATATAERE] zs B 1T SiFas 7oAl —4
SR

1 7-15 IS B

print ("zs has type:", numba.typeof(zs))
array (complex128, 1d, C))

Numba W7 HAME XA HE, A inspect types, MIMiLARTT AR A 4%
RIS 5FBERBUS E/EM B S ok, WRBBELR T, ABIREEE LR E )
1577 N AH Bl Numba 153 & I8 2 ) 258 S L2,

Numba BJE R4, NumbaPro, 7] PASZIRMEATH OpenMP 24 prange H4T#
YERF. SEERtEl) GPU Z b . X430 H B B An 2 R HIE A numpy 95
1211 Python JEI RS FEH R it T I A, RBTE CPU B GPU kizfT, iXA~1f
PARTE—T,

7.10 Pythran

Pythran J2—M Python #4upl C+19%miEas, TEATEEXTEB4 numpy FH)
Python T4, ERIGH K% Numba Fll Cython——IRTEME—DMREISEL, BE
BRSBTS R BRI T KRR BEERIET OpenMP [1)3F
Hbmr g, & R Python2.7 i51T,
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Pythran f)—MREA BRI KR E 2R K A Sh A TPl (BN, WERARIE
EH—A map), FHLEHEBBGHTRE, MATERBMI TR, Rk
pragma omp KEMFFATIXIE, TEXTTH, BIEEMEMLT Cython Xf OpenMP
I SCHE

FE4% )5 » Pythran 24 EHEE A Python AU numpy A H AR B EH S5 15 132 FE
RPE) C++RIB——EZ I Cython MYEEREM, IRV ZERESX AT H 2445
), ARATRE BRI A % AR RO R EI I K MR A4 I 1) TAE JL/NR A 12
IEFE R,

AT 6-9 R BOTHE . A1 ELATHIRE AT AR SR 3] — >k
SERLER A, AR E R IR B — > 2 . Pythran f— > RAFRF R FA]
At Python AFRAHIAH, [BIAGE Cython, FATAFFA M HA#R) Python KA1
A .pyx CHF, XFEELABERE Python EL3EIZ1T T, (] Pythran WF, FATHTHM
—ATHERERAL Pythran i as il XERE WUERFRATIMER T A2 8AY so ik,
FATHLRE 2 Python Kz AT HATHY ARG ——X XA A F

FEB 7-16 1, ARAT AR WBATE R IIR L TR G T, evolve m¥A —1TiE
RN R BRI R (BB AR, FrAURVRA A Pythran 1217, Python
RS BWHRE) o 24 Pythran i2171, BF A TR B & — M XA sk ok
ARG R (RBIKNTILEIH) Shed Skin) .,

Bl 7-16  BI—ATHRERIEME evolve ORI A A

import numpy as np
def laplacian(grid):
return np.roll (grid, +1, 0) +
np.roll (grid, -1, 0) +
np.roll (grid, +1, 1) +
np.roll (grid, -1, 1) - 4 * grid

#pythran export evolve (floaté64[][], float)
def evolve(grid, dt, D=1):
return grid + dt * D * laplacian(grid)

F AT A pythran diffusion numpy.py K 4iFX MR, & HH
diffusion_numpy.so, M— MR EHCH , T 1TAT DAS: AGK A HFBEESF BT evolve,
18 lan FEICA b, R Pythran (935, XASBRECZE—A> 8192 % 2192 FIAR izfT
T 388, T Pythran [FHEIRE] 1.5 B, @48, U1 Pythran ST A9 HEY
W, BRI NEREZI LRI, MILF a2 TAE,

BRI SR /& Pythran B H ©#J roll lEURA, JREHE D>
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PR R EARAYZ AT AT RE R RS . X W RE B L numpy iRAS (Pythran (Y
Y& UL Pythran HSCHL T #B7 numpy) B RIGEEAR, (ERYETIEN, GEWE
HFATET WA A HAl T H A2 f 74528

WAEEFATIEHF AR AR YA T Julia BRI FREXNE 79, A2%
calculate_z {FMI—FTiEM, FATHEEILZITIRAIFBEKE] 0.29 #——rIF Cython
LSRG — sl TESMEER A RTINS I —4T OpenMP 5 B S BT i A eIk 21 0.1
#, FEES Cython RYMR{E OpenMP R EZ AL, HEMFHIABSTER] 7-17 HR] L,

5l 7-17 53] OpenMP 24513 fi# Pythran fY calculate z
#pythran export calculate z(int, complex[], complex[], int[])
def calculate z(maxiter, zs, cs, output):

#omp parallel for schedule (guided)
for i in range(len(zs)):

145 IR FRAT B DR BOARER I B 45 AL CPyhon fiRES: 2 SbH ks . IT7ELEFK
&1 PyPy, ERML T — A figRed:,

7.11 PyPy

PyPy J&—> Python 1&F FIECEHE, W& T — N IRERENRRiFEes, BIHRE
Python2.7, A LI Python3.2 JRA,

PyPy J&—/EETER CPython BrUk, LT JLT-FraRy MERS, %I H 5
T RPython Hi¥ T HEE, PIHKME PyPy (Al fRMEHAMREAS). PyPy F
f JIT i de R R, BESHE 21 RAFAYE AR TH M LT 858 4 A T3 BRI A AL AT
TAE. BF 12577, XK PyPy #E s,

PyPy izf73RAT 1A 4l Python KR/ Julia J 7R 1 AT 3, M CPython, B T
11 B, WifEH PyPy, AT 03 #b, XEWE PyPy BUS TRELTH 7-7 HH)
Cython AYRLSR, TM5EEEA T TAEE—2 NBRBHEZ stmEII7ETS
Numba B WELH ARKE, WERFER—2 3G P ARIEITIHE, A 2 )k (PAJEE
ToREIK) S 1 IRNIgRIRTEIRS LB ISP,

PyPy SCHEFINA N BB SRR A R A —— X TR E AT ABRAE CPython HH—74¢
M Z R N TAE AR IRAEIZ AT N BRI 2 R, URAE 2 UiRe 0 20H 7
Riafr, BILZAL, BRI EREE ST

PyPy [ EEREE IR0, 5] 7-6 I EIZRK B speed.pypy.ord, SEIFIRER
JAE o X MRS T 2R 2R P S0, AR RIEHE PyPy
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AT e CPython BEFRAAIARL

6.94

6.12x | 6:21% 6.31x

5.71%
5.78 5.52x
5.29x

4.78x
4.63

3.69x

3.47 3.18x

2.47x

1.79x

1.16 - 1.00x

0.00 -
CRihon27RPy 12PVPy 13RPy  14PyPy 1SRy 1GRyPy  ATRPy  1SRPy  19RyRy  20RBy  21RyRy 2PBy  tuk

7-6 F—THMA PyPy B TIRERF

7111 HIRERESR

PyPy il T AFT CPython RYSIAES:, XAEFEURA AT A=A AW S i
A2, RAE CPython RIS, PyPy EIEAT T IEHUS ABRICANTRE B ok HE
RIEBAH AT S, X P EERZXT Python MLTEAYELRSCI, 1k H F5 3B 24 T it
TR — L.,

—LE7E CPython " WLE| B4 UM T 5 | T AT ——JUHZ bkl SO (n
R THITHIEHB AT, MAEERM R ), /A PyPy, FHERIACHS AT
PAIBAT, (BN SO BB Al RE S HER vp I B B, BB BRI RS N IRB T
Al , —FEEREME A PyPy, M EE(HH Python TARMEA T X2 M with &
B SCE BB RS B 3h KPS, 7R PyPy RIS B “PyPy 55 CPython
HIZER” BRTLAIH T 40T, SRR ST FE M ol A,

7.11.2 iB1T PyPy #&EEH

WA BT — PR IR Python fRRESS, 1RTTRESZ26 T — N/ T
B IRE 2 FRIMIE S PyPy, RBIEESTEE—AMUE bin HHSCHEeLsH,
3% 7-18 FFREATE K PyPy,




% 7-18 15T PyPy REHE LI T Python 2.7.3

$ ./bin/pypy

Python 2.7.3 (84efb3ba05fl, Feb 18 2014, 23:00:21)

[PyPy 2.3.0-alpha0 with GCC 4.6.3] on linux2

Type "help", "copyright", "credits" or "license" for more information.
And now for something completely different: ' “<arigato> (not thread-safe, but
well, nothing is)''

HEE] PyPy {E24 Python 2.7.3 3247, MIAEFRA 1T B E pip, HAEZE %A ipython
(HEZ IPython PAFRATTRG WL A EIRY Python 2.7.3 WZmiFtEs)), WRRAKE)
THURSY R A C B BEAR R4 pip, XL RIRTER] 7-19 PR IRAR T REC £
i CPython il )5 B —H—4

Bil 7-19 24 PyPy 223 pip I DAZEAE 56 =I5B, LA IPython

$ mkdir sources # make a local download directory

$ cd sources

# fetch distribute and pip

$ curl -O http://python-distribute.org/distribute setup.py

$ curl -O https://raw.github.com/pypa/pip/master/contrib/get-pip.py
# now run the setup files for these using pypy
$ ../bin/pypy ./distribute setup.py

$ ../bin/pypy get-pip.py

$ ../bin/pip install ipython

$ ../bin/ipython

Python 2.7.3 (84efb3bal05fl, Feb 18 2014, 23:00:21)

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

IPython 2.0.0—An enhanced Interactive Python.

? -> Introduction and overview of IPython's features.
$quickref -> Quick reference.

Help -> Python's own help system.

object? -> Details about 'object', use 'object??' for extra details.

W PyPy A% numpy 2 A0 H 1SR T8 (A% cpyext HNFE
B, [HREKET, ST numpy A2 M), FIARERT PyPy 3 nunpy fi
81 % 5, PyPy BB — NS R numpy BERIIA, BRH “numpypy” (22345
S Tan K% L) (ER U8 VA B AT T PR T 1R 2,

IR EH A 6L, HER40 Python 19, BLATREZCAE B, THLMMKHEIT C I %
RIS AT RETCIAA R AE . PyPy ¥ SRR LIRSS, (BT CPython %i%

O AHEEMEE AR HIEE LR,
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A B SCFF CPython BISRMCERERIIZER . PyPy A— DT L, [HR2RIY
MARZ I8 . FESEEk, REulsRiEib ¥ g MY R B PyPy —ii TAFR2ICAL
9, PyPy HYHBUHLR WA W B A AL C IR (B s0F R ARIE
Python fURSIafTHMR, BIFEARRE PyPy W TAET ), PyPy RUZERLAES | — R Al 3%
AR

PyPy Wy — AR EMM TRENAF, BN RMRIEX T HEA SR, (AL
B, ERTREILSR M T CPython B2 B NAF . ST NAFAHXS(EEL, Fr AR N
PERER TS it 2 A B . — & Pt EA6E THE PyPy IR BRI AL
G ARXAIRXHRARE S, R A A R IR BRSO R .

PyPy ZIRT &R, (B2 IF KRB N EER— USRS N (STM) /Y
Wi H R AEFE R GIL ByEE, STM A — s R EHE FE 55 . B — I RIS,
TP, ARAEA R R A7 2Sa) B Az ge, BB IR s, S STM
1 HAR R R K R GA — Mt AaEfl i, fEie® bk 7 — 2R,
TR I ANGEAE A B S A HE R G IR 5 T TR SR R AR R A AR R

et MBI T HUZ jitviewer Ml Logparser,

712 {(tARHMERERSMIA

WSRARIE TAETHEA BT, AB2X AR P E—Fa] EERT IR A H ., #
7-1 B85 T F LD,

ARSRARR IR T R S5 eR AR AR VSR M, Pythran RARAE numpy )8 E SR
THRAERTERESETT , ATE P e D TAR R B R At T —LE (R B R OpenMP JHAT U,
XA — XA IE .

xR 71 ENRIFBELE
Cython Shed Skin Numba Pythran PyPy
A Y Y _ _ Y
I (R A Y } i} - }
3¢F§ Numpy Y _ Y Y B
A T LB B AURS B3 _ Y Y Y Y
FEA C I Y B - B B
FF; OpenMP Y _ Y Y Y
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Numba AJFEFRAL T HUHAIERERTE, ML P AFEMAATIER, HREMSATE
PRI BT BEA & TARSARAF YIRS . X2 — AR I

Cython A[RE RS {Z A M EESR ML T iEFRIAR, (HR2EMMEEEZ N TR
FIASHANG “SCFEBLT, XEIFARE T ERAEM T Python Hl C HEA#,

AISRARAE ] numpy s ABMEARSAER) C § &, PyPy @ — A58 1L #E,
MR AR E SRR C H BN numpy s At /NERZE, Shed Skin AT REZA H Y.,

WRARIEFERE — A" TR, B4R G A2 IR BAR R4 THR——
Cython Wiz e fRAY L ERHE, (RAIREEEA AL 12.2 77, PyPy tHEH 77 fhix
B (BH 1257),

WRAF TAET BRI BEAL PTG K, £ Cython R N#%% arrary.array
B3 2 —ME— SRR L 45 Cython AR BATTVE, W] A SR MUHRE Y 4 (A 3
1A AN numpy AE 550 5 4

HEIAIME , Pythran Al Numba 2422 RARIRAIHH , 1 Cython 404,
PyPy B BAEGALAANS B, BLVA%— € 2R RIAEARR PP A .

TE 2014 4Eg—3 Tan (YR L, —AEREIIRYFAESCELT Julia AR C A, IEH
REME B EHATI LM Cython MUAZE, fhiEEEFE 64 MiAlEs LA T 32 17
TR B— X TR 64 (iHLgs FAE ] 64 (XU RS TS . RE%HER—A
TFH) C FEIF I, (BN HRE X AW R BT B, M2 TS, iy C
WA A LA B S e 1 B4R ) Cython ARASEESG/IMEZ2, I H T KA —FER) 3
. wmERIBK C A, XHEE, FHBBBIEFSE, X—FRITHER—L
st Cython 763 B KA IF1A]

X URANERE RS, AT 2L Cython 24 RIS, I HEEER C 72
7 AL REAS AR BRI A AS LE Cython AX AR ASIB AT RE R, RTAT, (EAS
HEMZ, BEFE C RISl Python F D E 4R, /R—E%
U AR M I ELASE IR SR e o C S AR B AR AR A 3 A A X e 55
PLERIS, T Python ARMEKALIRAITE S TIRMRAYIE 5 KRR ARAY ) B——HA R H 45
BRXMA I,

7121 HAEEHIMpm
PyData %22 T 11 T Z 5 & MR %1% T B . Theano 2 A HHNIES, A
VR AR A E B ERT R A, B nunpy BELSE, FEHAEN CPU
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M GPU SHgiFIARIE, e, EeA%d TIHRES ALK HB,
Parakeet #£H T3 N %4 numpy B GRIFZE, #H Python B T4, BEHE
¥ GPU,

PyViennaCL 22— Python #§EF| ViennaCL HIEUEITEMLMEALE, BH
numpy, ¥ $F GPU 1 CPU, ViennaCL f| C++455, & CUDA. OpenCL F OpenMP
RIS, B SRR E L E 0. BLAS FIKRf#ERR .

Nuitka 22— ABGEF Y CPython MRS N HARKY Python Hids, HA B
P AT PUATRR AR T, B SCHF Python2.7 4R, RUSTERANHIMERH, B
A FAEE Y Python XUE IR AEAT AT R A PR RESR T

Pyston ZZFIHEAIMAE . EfH T LLVM %iiF4s, B Dropbox 3ZHF. HT
BRDXI BRI SRy, B Rl B 3Z 5 PyPy Iy FIAERG R, (HRATH T
R ESROX A, AR A PTG A R E S, X numpy B9 SZREAELSE

FEFATAE R, AR S22 PA 4P HE TR 4 2285 . AR ETIERA A
&, FHEMERE TSRS, XREIRHEFEE T2 AN CPU M2 2 5ELH
&,

7122 —1EGLERT (GPU) MEER

GPU £ il MR HA , B TSR T 100 S B IR R B 5 3 20 T — AR,
SO R BRI AE AR A, AR T TR DAL BT UL BT A AR P e T I E 2
MUET . R, BORIURIRBE BT S I, TR R A, T
RE BB R R 7 3K

Tan TAET— 3% )88, (/] Python #1 PyCUDA, M T —4E[#% NVIDIA GTX
480 GPU, F4EIEHIEE T GPU MA#REE ST, I HARG WIEAUZL 4 FisfT4H
[l R A T RERE 25 £, XU R C B, R T— M7, AT EE
AbFE, GPU 78 (A K ER 4t PyCUDA B 3461 CUDA 1) C i ik, RIRAEARZ
J&, GTX 5xx RF|H) GPU AT, WZMHT 4xx BRI L A T HUE,
KARFE T —4FE ) TAER AR F T , 2 W T12177E CPU L5 T4E4m) C
R T 2

KRR BI T, HEEMRE T EIRZ CUDA (2 OpenCL) RIBMYERE, 7E
GPU Z LRI T PR REC SRR 1) 2 A (B0, f2dt 7 Eg
AT eI 4 B2 ) . RATIIIRE B B LR, AR A E N GPU 4,

PUARE R GPU Sh H ArAJ3 H 45 Numba, Parakeet #1 Theano,

156 f7%=



7.12.3 —AXPREHRIFIRTEARE
LRI TR FiPe R 2, TR D EA — SRR AL, AT, A
FBEAF Shed Skin [TEME A5 2B, SR ERAEAEAT AR T fF—
{1, 43 Cython (LIS numpy i) B, 74— Cython it
L3> 47 T3 . Cython ARG I FLEE M Python il numpy , 15 3]
BRI TR AT E, BLAEZ AL E,

B R REEE LR 2 — L858l Numba A1 PyPy HYMEI T SEAEH L Python fURS AN
numpy RS _LARSRME JIT BT 58, HErEA — M@ I =, — Mk 71X
AT TR R AFA T BERAE M B0 F AL CPython fRERSHSRA J1H3E
G, MATEEI ZEEUITRARE,

FE R SESAD T BB B BRI B S AT S RGN & R AT

713 ShEREEEEEDO

AR BRI RAERMER, RFEH S —HERIRY C 5 Fortran Ui, iX
e TRERY, DR g T BORCA R B — SRR AL, B0 RO AR A AR
Python AW ESIE S0, EFrAXEEIT, RETEMHINTR LD,
AEARZ T ) AT = 4 5 M2 3 AURS

TEAREH AT, Bl TV A — N 2 SO R, BRARRAITES 6 25
TR R 77 2, BRTER 7-20 ARRXNERT, BBARIFEEZLENE,
BHE R LM T RIS, TR R TRAAE T ERBER , SRR IR
SIS ILEANTIRE 5 —MiEF &, DMEMUR B LR THEF R,

B 7-20  fdke 2 BrywOn A C ARG R B
void evolve (double in[][512], double out[][512], double D, double dt) {
int i, J;
double laplacian;
for (i=1; 1i<511; i++) {
for (j=1; j<511; j++) {
laplacian = in[i+1][
-4 * in[i][J];
out[1][J] = in[i][J] + D * dt * laplacian;
}

Jj1 + in[i-11([3] + in[i][j+1] + in[i][F-1]1\

}
}

O HNT A, WATASHLIDAFIT.
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AT RN, FATLAHEE SR T .so SUERILERES, FA16E
i gec (BUEMTHADL C 4iikds) @it DA B BRRM

$ gcc -03 -std=gnu99 -c diffusion.c
$ gcc -shared -o diffusion.so diffusion.o

FATREFCIX A AW FE = SCFRCE T o] AR FRATTY Python 465 B iy ] (45 4n b
W, AHEARE*nix HEHEILZFELF T /ust/lib Fl/usr/local/lib,

7.13.1 ctypes

cPython P EE AR 1 S8R HOdE R ctypes b, BXAMEHR YRR B
GRZRHIE——ARZE AT, I HF B — B AR A AR 2 35U T
X—Y, XAEIMEH R AELEFRANTH ctypes T HURA P33 TIED, BoR
T 7-21 1,

%1721 ctypes 2 [ A LAD

import ctypes

grid shape = (512, 512)
_diffusion = ctypes.CDLL("../diffusion.so") # ©

# Create references to the C types that we will need to simplify future code
TYPE INT = ctypes.c int

TYPE DOUBLE = ctypes.c double

TYPE DOUBLE SS = ctypes.POINTER (ctypes.POINTER (ctypes.c_double))

# Initialize the signature of the evolve function to:
# void evolve(int, int, double**, double**, double, double)
_diffusion.evolve.argtypes = [
TYPE INT,
TYPE_ INT,
TYPE DOUBLE_SS,
TYPE DOUBLE_SS,
TYPE_DOUBLE,
TYPE_DOUBLE,
]

_diffusion.evolve.restype = None

def evolve(grid, out, dt, D=1.0):
# First we convert the Python types into the relevant C types

O XARUAT cPython, HAMAH) Python FTREAEATH CHAK) ctypes, A RELMRAIFAYIT X LAE,
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cX TYPE_INT (grid_shape[0])

cY TYPE INT (grid shape[1l])

cdt = TYPE DOUBLE (dt)

cD = TYPE DOUBLE (D)

pointer grid = grid.ctypes.data as(TYPE DOUBLE SS) # @
pointer out = out.ctypes.data as(TYPE DOUBLE SS)

# Now we can call the function

_diffusion.evolve (cX, cY, pointer grid, pointer out, cD, cdt) # (3

O XEUTHA diffusion.so J&,
® grid fl out P numpy .
© FNTHRAMTEITA LEN SRR E T C %k,

FAMLAYE—FFRE “A” FATRILEE, T ctypes . COLL AR, fEX
Frep, FATATARSEA Python RERSV FIREMIILZE (Bil4N, ctypes-opency ik
Fe# libev.so ), Ht, FAWGFE T —A_diffusion M5, W& TIZEREN
EAHBIPA B, X7, diffusion.so HAE T — K%L
XAR—IXZRAYEME, Wk diffusion.so REHUZREAMENE, FilfEEd
_diffusion XGRVIFIENI4HR,

TER/EHE, BIff_diffusion XfLREARTHMR evolve K, AIAHLEEREK
EHE, CRFSRAR, HHREARAARNES. A THEMA evolve K
RTAE, FATLAUE A BCE M ASHAALRE A, 2] Python 2 M H4THE
TFA PR, B YA PE— PO PR, X SIS ARA AR T H., BESR ctypes
AR AR 41 25 R IR R 2R AL, — EARIUSS, VRAY RS LT RE BRER M 2k I
KA B

17 HLER T ZEBREE SR s O R AR [0 2R A, AT 75 2/ o L S e T O Xt
(XM “HAUEHT) , TNV IEL R B — D SRR MO A C
KA, ARNXFELBEAMLYES, Fh Python MR RRARRNG, filtn, 4Rk
iT7A numl = le5, FATHIAEEXZ A Python MYFERAL, PHUILIAIRZEE
ctypes.c_float, 5—77Mf, ¥T num2 = 1e300 ki, HATHAFAEM
ctype.c_double, K HERHE C I RaAE .

AL, numpy L ERIEEIRAL T —A> . ctypes BIERMEE S 5 ctypes HfE,

IR numpy FARMEIXATIEE, EATFAFEAL—A> ctypes ARG AIEH
A, FE R FAFE IR BRI AL E I LI T BT ctypes XRAEMALIL,

evolve,
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B L
= H
LARIE Ao — AN 4548 A — A ctype s b, BRARARAST I
%’\ T —A2 4 (34 array £23 numpy arrays, cStringIO %
ARAR), ARG SRR AR M B3T3t b . Ede— AN it h
FEGHLT, XIFRAR R EER A0, LikdefT,
Jo BAR IE AR 554 — AR K 49 Python list, X 2B KA M AL RS |
FEXEEIT, 4 array #£k, R numpy array, RH FIEA
struct AR A AR ) TR BT F, KEHMOA W B, 12T XK
 EARGRADT i, B A st . —/EA €169 /R £ Python xt
JLARKE R

WRARDD I EL LG PEAL IR — DR IRV BR S, T OU AR E R 2%, BN, sk
B REI R — MBS TR R R A C 4540, A7 < fly B, IRAIEAE L.
from ctypes import Structure

class cPoint (Structure) :
_fields_ = ("x", c_int), ("y", c_int)

TEXA L, AREEES IR —A> cPoint X5 (B4, point = cPoint (10,
5)) RITIRBIE— A C MIXTER, XAR—IA N TR TR, E2A%
ARRZWR, HF B — SRy o QPR —ASBCA 2 AT T, R T R A A,
SREM2FNR? XSARERAELED, — RS SEEERRL, T E Sk
TE MANE BB IEFE R T B2 27

Fpixsehy, AURREAMRHIEAE C HF BAZRS IR O nyE—Jrm, i
A ctypes BHURMRIERH) . EARGH AN, FEVERIRERER—T, W
RARAALSF IR, ER LR R T 58 BAFA— s, PN ctypes fRTT S
AR ME (ROMRE MR TT ) SRIVESEAE .

7.13.2 cffi
EIRF| ctypes AIfSAHLMEN , cffi MR AT EHIFZ RS,
BB C T SRR M, BETS R ek OSSR E 3L

Pk ss s, FMTAEOUIUE t C fRRD 3k N7 2 (6 O B R S b b, B2 %5
CEEL 5L R TN BRI T . S ARERIE WA T 14 45 R S 0 T
EFRRTS, H50E, WRA EERRRD, A T LT HOR R, B Sk
(F.h 5RO SCHE) 2ot o BT FFa i I M 565 S, M 7-22 % T c££1 Bk
) 2 By BT,
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Bl 7-22 cffi {1 2 Bry B

from cffi import FFI

ffi = FFI()
ffi.cdef(r'"'
void evolve (
int Nx, int Ny,
double **in, double **out,
double D, double dt
): # @
)
lib = ffi.dlopen("../diffusion.so")

def evolve(grid, dt, out, D=1.0):
X, Y = grid shape
pointer grid = ffi.cast('double**', grid.ctypes.data) # @
pointer out = ffi.cast('double**', out.ctypes.data)
lib.evolve (X, Y, pointer grid, pointer out, D, dt)

O X ANE SN A BEBLIE H MR IEFE (] 0 T b, BBl R PR YK S
PFEREL,

8 REFANLZE T EICARAH Python XML RFAHOR I FA TR C BBk, HEIA
XHRLEA C LBy AR LR

TERTTH A, FATRME cf£1 BRI BREEM AP0, Bk, R1e1E
T—A FFI MR BN R e)m C B, Bk T eREEES DASh, i) bAEY
TERERA, #3E, JAEA dlopen LM EHESAEHCHA TSR, X2
— A FFI 72, XERERNBEBREM SEAME evolve lREHIE, 7>
HRZAZAE & 1ibl il 1ib2, RGMSr e G TISMmE RS 1),

BT B C SLE RSN, cff1 AVFIRAE C S, RIGHA verify R
K RIFg 1. XA R 2 BRI —— VR BEUS ] TR — N AUIB T C k&
5, MARFMAMILE C FERERAILE . AR, RA—MREEd
I, B2 25K —L C BB R O 5ER TAE, URAT ARG 7-23 SR
HOAREE LRI E AR cf£1 AURS IGE R A I Lk — V&AL T — Ao DAL A &
o BrRICZ AN, BRAACH IR RIS IERY , 1] DAZE 1A 2 g 3 i R H AU Ao B 2 i3
HL . TWEEERR, TR, JER verify RBuafT AL RRImIEN, X
P NaA B IR .

B 7-23 IR 2 Br 4 EU RS Y offi

ffi = FFI()
ffi.cdef(x'"'
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void evolve (
int Nx, int Ny,
double **in, double **out,
double D, double dt
)
')
lib = ffi.verify(r'"'
void evolve (int Nx, int Ny,
double in[][Ny], double out[][Ny],
double D, double dt) {
int i, j;
double laplacian;
for (i=1; i<Nx-1; 1i++) {
for (j=1; j<Ny-1; j++)
laplacian=1in[i+1]
-4 * m[l][ 1
out[i][j] = in[i][J

{
(31 +in[i-11(3] +in[i][3+1] +in[i][J-11\

] + D * dt * laplacian;

}
}
'''", extra compile args=["-03",]) # ©

O PEMEHATIEAE RN ik B, ATt n] AR AU X B ik in s

Verify WIREHI S — AL R E SRR cdef BB HARRY . B0, WRIEA]
IEBE ] — A RA R IREH AR R, B2 R RE M B R — ), FATRERS ]
FRITEEHE Lo Sit, FATIE ££1 . cdef ARYEEHIATE R IRIT—A..., I BAE)S
TR verify fi#include MIRHIKICHF,

B, RERATEMSH—1E complicated.h LICFRRE, Hipf g T —4%
T TS5 4

struct Point {
double x;
double y;
bool isActive;
char *id;
int num times visited;

}
IRBNATERD = My BYEME, IANGEE LR cf£i A, H0 T
X LEAE .

from cffi import FFI

ffi = FFI()
ffi.cdef ("""
struct Point {
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double x;
double vy;

}i

struct Point do_ calculation();
")
lib = ffi.verify ("""

#include <complicated.h>
")

FA16E1z1T comlicated.h Y do calculation p#(, FH HiIREIABFHNT—1
Point X548, ‘B x fl v JEMZ T AT, XFEAEMEREAN, FAEERA
AR Point SEILHY FR 40 FEBREAR S TAF, B0 Y complicated. h BFTIRA
FKIEMRERFH TAE, HRECNEAE < M v MR A,

PR XA RAE cE£1 BCATE Python FH C AURD R TARR Y —MRIEFH I T A
B ctypes fBRZE, R EHEAM SRR B 0 —R AN, &2 45T T IREE
Y S5 B N AR BE P

7.13.3 fopy

STV SRR, Fortran JR— AN b, JUEFE MR FIE R
HTEAEHT, HEERH RS IS S R RSB EAS), 3B
Pe, 5350, AR PERERCEIER Fortran 445 (LAPACK, BLAS %), 7f HLAEUS(H
FILERRA Python 1T FFHERE S BT

KT XFE L, £2py $RHE T — IR A A4 Fortran {355 A Python B /5%,
JHETF Fortran YA, EXAERAEMASRE R, BRI PR A2
#), £2py BLREZ S B —> CPython #Edk, ZAHUKEE C WA AL ANER R E S
Fro A Fortran fURD, X EMKE LIREM f2py W, VRHESHE B3t —A0
E/BRE A Fortran fRAAY C ik BCREROGERALE, FZAE ctypes Ml cf1 )
T B S AEERRIREATFET .

FEB 7-24 W, FATRER 2| — L] T BOTRERY S £2py FRARIH, FEL,
I AL Fortran fUS#0S £2py A%, TR, sESHEEM (H ! f2py Al
ZERYIER]) fRIfL TR A Python BT H A mMm TR AN, MR
WF f2py BATREEEIL—MZHAMTwte 2 A TRA, 2ibRITgHbE
R ERAH B, BARRMT vectors fR/NEHAM: 24 Fortran AJHE
HEALR LR FEAT B, FRATAY Python U ESAA X/ MEEAETF LT . 4FA]
BB, “fal” I, f2py BEWS H 3 NI TEIFTHRLLE, AR EAEHRZH) Python
ORI RERAR.
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il 7-24 {1 f2py FEARAY Fortran 2 B4 w5
SUBROUTINE evolve(grid, next grid, D, dt, N, M)

! f2py threadsafe

' f2py intent (in) grid

!f2py intent (inplace) next grid

'f2py intent(in) D

!f2py intent (in) dt

! f2py intent (hide) N

'f2py intent (hide) M

INTEGER :: N, M

DOUBLE PRECISION, DIMENSION(N,M) :: grid, next grid

DOUBLE PRECISION, DIMENSION(N-2, M-2) :: laplacian

DOUBLE PRECISION :: D, dt

laplacian = grid(3:N, 2:M-1) + grid(1:N-2, 2:M-1) + &
grid(2:N-1, 3:M) + grid(2:N-1, 1:M-2) - 4 * grid(2:N-1, 2:M-1)
next grid(2:N-1, 2:M-1) = grid(2:N-1, 2:M-1) + D * dt * laplacian
END SUBROUTINE evolve

BT T Y Ay RAT RS A A — 1 Python Fibk .
$ f2py -c -m diffusion --fcompiler=gfortran --opt='-03' diffusion.f£f90

% A — N RER E 35 A Python 1Y diffusion.so S0,

WERFA T E A HEf 725 A, FATRER R f2py WAL, £25 T
FERREA £2py f#AT Fortran XIS B8

In [1]: import diffusion

In [2]: diffusion?

Type: module

String form: <module 'diffusion' from 'diffusion.so'>
File: .../examples/compilation/f2py/diffusion.so
Docstring:

This module 'diffusion' is auto-generated with f2py (version:2).
Functions:
evolve (grid,next grid,d,dt)

In [3]: diffusion.evolve?
Type: fortran

String form: <fortran object>
Docstring:

evolve (grid,next grid,d,dt)

Wrapper for "~ “evolve
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Parameters

grid : input rank-2 array('d') with bounds (n,m)
next grid : rank-2 array('d') with bounds (n,m)
d : input float

dt : input float

EARISE R £2py A I EE AR B 3 SOy, T B DA M4 Rk, B, 5
HIRATRAEH vectors BIR/IN, £2py CLARE AT H 30 F-4RiX Lef5 B 7 0t B AE
AR O BB RO TR, L b, A evolve REZEZ BRI
IHEBI 6-14 TS B9 4E Python A —HE—FE,

AT BT e — FAE R AENFET numpy array MINT, BERAREZHFK
AT ) numpy 1 Python £2HF M C AR ISR A RS , FATXTF NAF - I B I
FE—HE i C BB (FRAFTIE eI ) . Fortran T —FOREIRGIREG] (545G
JGF ), XFERATL B LRLEFRATTIY vectors gﬂﬁm XI5 A AN R T
—A~ 2 YERL, ERPISATIE NI R AR ERN . RIBIR, RS Y
A vectors i, %45 numpy $§B order="F’ Z¥HAT

ARG A G R IR T 69 2 BohE4E [ (1, 2], [3, 4] ]

Eﬁf?“l’é%ﬂiﬁﬂlﬁ/%##%ﬁml 2, 3, 41, #IMELITFHET A&

(1, 3, 2, 4], EAEFRRIR LM, L1EAGSarsbHaein

&ﬁﬁi4m

KA T N EFA S Fortran FHIFERIMAS, BT SA £2py fiTAEFEFLEFRAT]
R B IR 12 3CHY Fortran WP 2 4h, XANRIEE _EXFIATLES] 6-14 B H)
fa] HL— A —#F

from diffusion import evolve

def run experiment (num iterations):
next grid = np.zeros(grid shape, dtype=np.double, order='F') # ©
grid = np.zeros(grid shape, dtype=np.double, order='F'")

# ... standard initialization ...
for i in range(num iterations):

evolve (grid, next grid, 1.0, 0.1)
grid, next grid = next grid, grid

O HZFER, BSR4,
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© Fortran 7ENTFH LAARIE B FHEZ Y, BrAFRNTAAUCARHERATH) numpy
array BCE X R,

7.13.4 CPython &t

&g, FAIEREE—ES CPython API B2, I H5— CPython Fifk, X
SRIEATLARIFF % CPython —#ERY R EBRY, H HFE/NOXRFRATH AL A
CPython L8 2 [B] ) Fir A A2 HL,

XA BARMFT AT, BT Python M4, FRATA 75 BAE A S ERAR
P, RFE—A C 4miFaifl Python! JLIR/EH, XFHA—ERMRITHY B
F| Python FFT A 2=, #ltm, ik Python 2.7 5 CPython ALHF Python 3
—iE TAE,

SN RARYERT T BB, AREDTIIRAY Python AURSAIMEHR . [AI42 1 i) By
A7 TN, B R R RS B RS L TR, g, S T Ak
EB1 7-20 ARG RO, FATUATE 28 17U H R R — B S HOH#r
© (B 7-25), MR, XHHKERE AR BIARLE R IEE R AR .
BRI PA—EE T R EFIREWS F 3 Python AYSIRICEE 8B | T (464
P Python 28R CPython BN, BURVFZIRAERIMRIL) o WL AWIXEE, R
R ARG 1) T L HAt 2 11 05 U Lo

i A=
= H
%\ BREZ, BAFEEGEHRENMATE. BRTCAHBE
TRTIN CPython HBEHIRAET RSB43 8, A2 A4 RAD Fdo St 1 64 57 ik
TRLAT & R FovT 4 dp, AR PR ML T FERTAESE,
F b, RO T AR, F LEE setup.py RHIEE (] 7-26)
VEAHETR,

B 7-25 5 2 B BUEXT R CPython ik

// python interface.c

// - cpython module interface for diffusion.c
#define NPY NO DEPRECATED API NPY 1 7 API VERSION

#include <Python.h>
#include <numpy/arrayobject.h>

#include "diffusion.h"

/* Docstrings */
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static char module docstring[] =
"Provides optimized method to solve the diffusion equation";
static char cdiffusion evolve docstring[] =

"Evolve a 2D grid using the diffusion equation";

PyArrayObject* py evolve (PyObject* self, PyObject* args) {
PyArrayObject* data;
PyArrayObject* next grid;
double dt, D=1.0;

/* The "evolve" function will have the signature:

* evolve (data, next grid, dt, D=1)

*/

if (!PyArg ParseTuple(args, "00d|d", &data, &next grid, &dt, &D)) {
PyErr SetString(PyExc RuntimeError, "Invalid arguments");
return NULL;

/* Make sure that the numpy arrays are contiguous in memory */

if (!PyArray Check(data) || !PyArray ISCONTIGUOUS (data)) {
PyErr SetString(PyExc RuntimeError,"data is not a contiguous array.");
return NULL;

}

if (!PyArray Check(next grid) || !PyArray ISCONTIGUOUS (next grid)) {
PyErr SetString (PyExc RuntimeError,"next grid is not acontiguous array.");
return NULL;

/* Make sure that grid and next grid are of the same type and have the same
* dimensions

*/
if (PyArray TYPE(data) != PyArray TYPE (next grid)) {
PyErr SetString(PyExc RuntimeError,
"next grid and data should have same type.");
return NULL;
}
if (PyArray NDIM(data) != 2) {
PyErr SetString(PyExc RuntimeError,"data should be two dimensional");
return NULL;
}
if (PyArray NDIM(next grid) != 2) {

PyErr SetString(PyExc RuntimeError,"next grid shouldbe two dimensional);
return NULL;
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if ((PyArray DIM(data,0) != PyArrayDim(next grid,0)) |I|
(PyArray DIM(data,1l) != PyArrayDim(next grid,1))) {
PyErr SetString(PyExc RuntimeError,
"data and next grid must have the same dimensions");
return NULL;

/* Fetch the size of the grid we are working with */
const int N = (int) PyArray DIM(data, 0);
const int M = (int) PyArray DIM(data, 1);

evolve (
N,
M,
PyArray DATA (data),
PyArray DATA (next grid),
D,
dt

)i

Py XINCREF (next grid);

return next grid;

/* Module specification */

static PyMethodDef module methods[] = {

/* { method name , C function , argument types , docstring } */
{ "evolve" , py evolve , METH VARARGS , cdiffusion evolve docstring } ,
{ NULL , NULL , 0 , NULL }

}i

/* Initialize the module */
PyMODINIT FUNC initcdiffusion (void)
{
PyObject *m = Py InitModule3("cdiffusion", module methods, module docstring);
if (m == NULL)
return;
/* Load ‘numpy' functionality. */
import array();

}
N T XD, FRATFRERE#—A> setup.py A, (i distutils fRHOREfE
FEARID A , XFEA R AT Python (5] 7-26) , i TARME distutils B, numpy
HRAL T B B SRy DATE B ZEREY CPython ALEHIIAL numpy AY#EF,
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5 7-26  H1 T CPython BiHLy #35 T #Y setup 3L

mn

setup.py for cpython diffusion module. The extension can be built by running

$ python setup.py build ext --inplace

which will create the  cdiffusion.so  file, which can be directly imported into

Python.

mn

from distutils.core import setup, Extension
import numpy.distutils.misc util

__version = "0.1"

cdiffusion = Extension (
'cdiffusion’',

sources = ['cdiffusion/cdiffusion.c', 'cdiffusion/python interface.c'],
extra compile args = ["-03", "-std=c99", "-Wall", "-p", "-pg", 1,
extra link args = ["-1c"],
)
setup (
name = 'diffusion',
version = version ,
ext modules = [cdiffusion,],
packages = ["diffusion", ],

include dirs = numpy.distutils.misc util.get numpy include dirs(),

)

AR 2 —> cdiffusion. so 3CfF, AEWE Python EIZTA, 1 HAE MK
SRR, BRARN At e T iRA RIS AN C (U5 %1k

S E T, RATREY (A—L8RMER TAE) B — A S AR,

from cdiffusion import evolve

def run experiment (num_ iterations):
next grid = np.zeros(grid shape, dtype=np.double)
grid = np.zeros(grid shape, dtype=np.double)

# ... standard initialization
for i in range (num_iterations):

evolve (grid, next grid, 1.0, 0.1)
grid, next grid = next grid, grid
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AREEF AT A3 A RN R SR ARVFURTE A RIRR B e H R AR, PAERE(R CPU
WA TR 1 B E AR R ARIIAR PR . A X R SRR, R A
FoRM GFF 72 7). WH, A RZOAE XL R i F 4
GEHE JTCe LA, Python FRVFFAT M AL TE = L8 ML REASHT R i 2
FERRF RS0, AT YA TFEEHE R R E T E MRS EMRIEN.

SRR LR AR, MOXLi 028 T CPU $R4RIRER . WRIRIE 1O %
ERPEAEAN CPU WM B & TRk, (UOURARIFIRAI R AT BEA S RAL A
ARSI o XX e A, AT B E AR T 5, - H AT RE
A HATARAE [l — B RHE AT AN R A 55
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#*&

ERAEY BB BEE TR

o fFaRIER, TAMTERBEE?

o IERRIFHIK AR A2

o AFALEF SR RRB, 4 RAER
o IFREBRBEITHA?

o AR ARBERATIE R AIERHL

o IERAMTRMER IR

VO MR IIAT A R A dH, B RARR AR R — N U E A1
2% socket, ELFUFEFNZRIRR, #EREBDERME, HFEFETR, XA
RERERIF BRI AR H , JUH AR IR B R BE A7 & R A — IR TR R
BlEZ )G, o, AERENTEEIE 1-3, SiSFHRNIITIAERZE VO
BRAFFELL CPU LM E R i & L,

B, — P HARAER A 1 ZRRE ML socket, FEXMIM], FAIA R AELE—
£ 2.4GHz RYHN ESEM 24000000 Z545<. Mg, NP EEL T 1
ZH—RANWPITREE TR T, BONEAESE R — DN HRIES G S . T
AR TAESR BT RII AR “1/O 45457,

H R AVFRATHESERE— A VO BAE 52 U B i AT HAB A, AT By FATT X A
IR E A R . Flan, 72 8-1 #, FATE R Efd T —Mbaliafy =ME
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R, PrA RS HAAE N A RITER 10 7, QRN R T e,
FNT =2 =R VO FERFHYET .

TERAAT, AIRFANH R HIAATIXEAT S5, Fef 1A Bt Re il [/ e 17 H A i AT
55 R BAIRE SEAFRYINT A (AT BRI, XL AT RMARE L, 02
FRAMEH—A CPU!

REFEARRT V0, EX A1 R BEERE R Ty, fE— D%
P, SHALRIAE pATHAT—R80R , N— 178 T — 17— A% S5 IRAY
R FREN, MARFEFG RN, IRRIDIZETT T AR RS .

A I AR 20— R AR, AT RS AL B X DRI IR T F - 1O 2555,

BITESHAERIETRIIE
e T T T T T T T TP T T T TTT11]

& T 1T T 1]
£5%1 F£52 %3 110%4%
[ O O ]

8-1 SBITHHKLIEFHIXLL

8.1 RIImENE

B MREFFEEA VO 550, EERAT, SHENBIREIT VO 35K AH KAV S %
B GXMPE—R L 3CUM), BH VO BAESE i 4 4ksk, bR Ui &
BRMERIE, CERENRFETFHRRE (FRTHRIME CPU JZTH_EALATIA R
A7), WEHEM CPU, ZJ5, HENTAVFFIGBITR, FRATLATER F7E TR b
EFIIR LR e s i dk Sty (B8R, A X —UIEER S &),

H—IrH, R, BMANELTRASE —UE “FEERRT BARE, R
MR Pttt 4, fhamtst, Sk, — P FERETH R EETrH—
ERBGIR, PR DUGRBAREETT, EHERE T4, HKIKIHE. B 8-1 &
N e W= AN DRI ER T A

Bl 8-1 —AHLEE N ERFAER

from Queue import Queue
from functools import partial

eventloop = None
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class EventLoop (Queue) :
def start(self):
while True:
function = self.get ()
function ()

def do_hello():
global eventloop
print "Hello"
eventloop.put (do_world)

def do_world():
global eventloop
print "world"
eventloop.put (do_hello)

if name == " main ":
eventloop = EventLoop ()
eventloop.put (do_hello)
eventloop.start ()

XA REE LA —DNERME, TR, Hizfy VO (45, FiTaE%
MAFIEIERM TS (asyne) VO #BAERFFE R, X LR Z AR 2E
1, BEWREWMRENH AP EFM—RKNEGERIE, B0 E, E
HHRMEILEA KA. BERAETEMN, Sk —A 30, FrARNER S
PARIIGE T

LRSI, FATLAETATXE— MEF: HiER—4> VO #IEn, &
SFERPEORIY VO #RAESEMUIIR], AT VAISAT 73 MR, aX S8 bk s ir AT IIOA &
XHIEE, SARFATHSLT VO R,

Bq8E

o FLZ B G P A TEAY . R AZ LA SR BT R SRR B R A A ARA
A EE, RNELAORERREFRTHRN., EF A4, £4F
AP AH S 1O S50, FLLH T JAF0E R — RE XMk
AR C BT AN, A2E 2 ke 1/O S4B 1A) A1) B AL RN mn BRAF 6 0K
20435,

(SRR AR RE R B A 77 2. [l B future, FE[RIEBEAH, fH—E
HERRZ S [l ) eR R R A SRR TA F ek, & S (A EDR VR [ R R 2, 1A
AR [ 2o SRR E T AR s R, B e B S B TR
BOREIE, B 8-2 J&— [l REA H far 50
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Bl 8-2  [ElEBGT

from functools import partial

def save value(value, callback):
print "Saving {} to database".format (value)
save_result to db(result, callback) # @

def print response(db response):
print "Response from database: {}".format (db response)

if name == " main ":

eventloop.put (
partial (save value, "Hello World", print response)

)
O save_result_to_dbg—HLRH, ERRREHHAER, AFHMmA
Hizfr. Joieinf, —HESRMERY, print_response gL BRI .

F—I7 T, ] futures, — 5P KEGR E]—A future 58K promise, TMAZSE
PRAVEER IR INIEE, FAT TN SE X PR AU Y 5320 R BTz [B1AY future SERK,
FRFAMTPIFFAEITEE (B TEH P M — vield, s @ELEIT— %k
EAMEREMESL) . TE5RF future MRYFRNTITERAVESRIETTRS, FAT6E®
MOHAIE S, RN IR E M A2 (generators) RS ——RRISHIE I HLLA
JEREARSEAT I R B —— M AR, FATRE S A LA BRI P TAUER
S Y

@coroutine

def save value(value, callback):

print "Saving {} to database".format (value)

db response = yield save result to db(result, callback) # ©
print "Response from database: {}".format (db response)

if name == " main ":

eventloop.put (
partial (save value, "Hello World")

)
O 7EiXMIEM T, save result to db jR[A—4 Future KM, ik
(vielding) , FATMHHRE =T save_value, EFVEMERL T AL M E
A

TE Python H1, PHRRIEANEMAS (generator) SKSLILAY, XARTE, B AR
#% (generator) CAFWLHIREIZENIMHATIHENGLRLLETT, Frek, FEFRAT
F PR BT R A B S S R P AR — A future, FOETEFR &4 EHBIIRAS future 18
EREESL, —BEEST T, FHEIFSASEPITIRAEE, T future /)
HELRAE .
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XtT Python 2.7 BT future HYFF R SLBL, HIRATBLAICHME ML bR &y, =
T 22A R, ICEA AR (generators) AREIR[EIE, B ARIA T AbFX
A B A AR AR J7 2

£ Python 3.4 1, JLitdnfal, ©45|IA THIALE KT E A @ e, HHitkik
PR IR [ {E

TEATS, AT HT— A HTTP AR 55 2 IMEE I 25 @ i, XA~ HTTP k55
AR A HEIR . SRR T TG 4 FRATAL I 1/O B2 Az fg -3 1 e K7 s 7]
IEIR, FRATE B —ABITICR, FERBG TARNE XX A MBI Python fi#
%, e, FATNYE Python 2.7: gevent il tornado XML . )5,
A1 %F Python 3.4 Hi) asyncio ff, HETE Python H 7B g AR & 24T
2B

8B

EAVFEILE) Web IR G B R AT X 4F % ANikdd, &af T1REE4T 1/O
BAEPTIE R 69 K % F IR SRR A 00 —— K B 3B F 4895 F)
B X FZAEK, K% 4 Web IR 42 245 10000 2 ~F ifisde. it
JoAT, U5 — /A RAELR I ALIE S A RENIR S AN, RS
RIFE SATH LT AR 49 PE4E.

82 &H1TIRH

XFFEFAT LS PR Az, AT E A BITH) Web JEHURfH —H3 URL 41
K, PPE N TR A AR R BEERA, AT —E SR HTTP fle554%
RMWASHL, name fll delay, delay & FIRG ARTEAFEIR . BIRHEL A,
PAZAPITEY . name S US4 T HAERH .

W delay 28, HATREMSHIU TS S b J A 1E RG], FEESCRY IS
Hr, SKRTREXT R, TR ) Web IRFFER, — NEERBIRERE, S0
FERIF B2 ATH) VO P . X T HATig o, XAUUER TR SEAE L
[ VO & FFRIMTR], (B AEZ JRHFH A BT, ERAER TR REAEHE 2 YRR
RO A =

BEAh, FATESEMEN requests BB HAAT HTTP A, MUHXEESR HTiX
SRR B, AT BN HTTP, BN E R —AME A VO fF7,

O XpF—LLH e, A Redis, X2— % NYEPEE— B TR T .
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I HREAH M4 Z b thAT HTTP 55K . —BUE 0L, Xb—> HTTP FERYAL i I #RAE
BOHA VO PR, FATRATHRAR HTTP JEIR WosT61 8-3 .

il 8-3  H3{7 HTTP €&
import requests

import string

import random

def generate urls(base url, num urls):
mmn
We add random characters to the end of the URL to break any caching
mechanisms in the requests library or the server

mn

for i in xrange (num urls):
yield base url + "".join(random.sample (string.ascii lowercase, 10))

def run experiment (base url, num iter=500):
response size = 0
for url in generate urls(base url, num iter):
response = requests.get (url)
response_size += len(response.text)
return response size

if name == " main ":
import time
delay = 100

num iter = 500
base url = "http://127.0.0.1:8080/add?name=serial&delay={}&".format (delay)

start = time.time ()

result = run experiment (base url, num iter)

end = time.time ()

print ("Result: {}, Time: {}".format (result, end - start))

HiafT X B, 72— AR RS 2K HTTP 55 & B IR A4
TR G AL SR ], XA FIRATHE VO S Re AR RIS REE— B R RATHIAE:
55 FUR R A HTTP 35 R [l i 5 15 ROR A, FRATTI % REAS1E S5 R At F >R 52
REIHIE], EEELZE HTTP iEK, HABEmm R,

M 8-2 w1, FRATRIAES], siinprii2aoiies, BATri KA TR, JAITHE—
IR — AR, I HAERA VAR T — IR Z A0, SRl i R ise . 3
b, BT IR RS T AR R, FE A BRRESIERAE SR 0.1 B
(FAFAIH delay 240, FATEFEM 500 YiEK, ABAFATHU e Az 7 i
A RAR 2 50 75,
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8-2 {5l 8-3 WY HTTP i5xRkAtHE=R

8.3 gevent

B RRR R EZ — e gevent, B TikR REGR A future AR, IR
&S PR R B S IR, BEAh, gevent XHHRIE VO eRERM T 74T,
BNV T 7, KRR RN AR AT AUUEE AR HERY VO BIF 3 T 7P 1Y
1.

gevent FRAL T PSS K 6 BE 0 e —— s A TR A SR BN /Y, B =P )
VO eREEETREREIT AN T, HF HE A —4> greenlet M RREHH T I L AT,
greenlet 2—Mifte, BEBHAESMARE (FEH 9 BEXLBEWITE), it
EFE, AW greenlets fEff] — B4R LiafT. AR, gevent HYIHE
IE VO SR (] — A EIAE T A greenlets [HR[EYIHE, A2 A
Z A~ CPU Kz TEMN], REHEOLT, gevent Ml ] wait RBORBGEAR
] RS AL BRI RR . walt sBCRE R B — DRSS, RAEA Rz
7%, HEIA R greenlets Fi, ERIIL, IREGAHI; gevent fLRS LA
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BT RiEfT, BE, AL, RS BEFL greenlets M £S5,
I HH wait RECKFhF IR, Y4 wait MEUEFEPATH, RABRMERE K
WIRT A I RAES s T HB SR (S R4, B85 R AR RS 2 5153 1] 2]
AT BT,

Future i gevent.spawn @@, #H T — A REFUEIBLAX RIS E, I
HIBah T — M ATTa i TX R greenlet, greenlet REFEHIEE—A future,
AR B R — BB T, BRER S L& TE greenlet {Y value i,

Python ARfERIALATHN T ik N T XE DASE i) 5525 s 40015 DAIS AT By 4l s s [|] . 31
w, HIEEMSFH VO B, RAOTEZEHIAN—HF2IRATEAE REHTHKZ
SO ECE R, IR FATEAEM T, iR ad#, SHEABATE
KZ WEAERM LS SCo e, Mg SEREE B2, B2 5 IRATEINEUY URL A
[F$E A greenlets /A RCFERY, FRATTTEE—FPAL I F BRI FAT R B b 3 Y
HTTP &K,

FNTRE 8 1 (AR S ok Falfa il I g KRpo 8o, MR —mZ 2 100 A4
greenlets KAl HTTP {Y get 353K, fF 5B 1 F—i 2 RA —E BRI L REE
A LTS, fERER, RIS ENENTTHFEINAE greenlets K57 AL
URLs, {ERAHA 100 MRFSTER N2 HTTP M. F5ER—MESH
ARERFFAT ARSI (6 AR 22 B I BTATL ) o 3080 22T 25 b AN [ O AL A PR A R Y
RIGPERE, BIREWE T BRI ORARE P rh A AN R OB B Z TR A A BT

IAERESRFRA X E I T Frf /Y futures, 7 H B 2B MBHLH & A T greenlets HY#5
i, ATHREBEFRFEFIH gevent . iwait RETFIRIRIEE R NIE, IFERIAE
Fl|—A> futures BIJF ), Hl P ER PRI, )2, ATAF LAFH gevent .wait,
A2 PHZEFRATRE P A BT LB B A3 SR i 5 Ik,

KA THRRATHYE K PALRI RS, A B EAT LB 2# ik h 2%,
BB FEIER S SEERERRAR GXX T a8 R4 R AR B ER) .

M ELEG b, FRAT B AR [ — 20 100 A 264 AT R 2 A AL E I (I
Bl 8-3), WERIAVITHE DM ER:, AL ZATE VO 17 W ER 27 1A,

WRITHEZWERE, RITKSTEF IR P R E A T SCo#e, 245340
FIFE I A A T H , AR 2 U8, 100 XMERRT L HE—ARBEZ
TTHEEMTENL, FEASEH, mm BV R, i E AR 2
A5, RATE WA P WP 2 B — 28 5C 5, 6 8-4 Won T3 ATT HTTP JEH K
gevent MU HS
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5] 8-4  gevent HTTP JIEH
from gevent import monkey
monkey.patch socket ()

import gevent
from gevent.coros import Semaphore
import urllib2
import string
import random

def generate urls(base url, num urls):
for i in xrange (num urls):
yield base url + "".join(random.sample (string.ascii lowercase, 10))

def chunked requests(urls, chunk size=100):
semaphore = Semaphore (chunk size) # @
requests = [gevent.spawn (download, u, semaphore) for u in urls] # @
for response in gevent.iwait (requests) :
yield response

def download(url, semaphore) :
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with semaphore: # ©
data = urllib2.urlopen (url)
return data.read()

def run experiment (base url, num iter=500):
urls = generate urls(base url, num iter)
response futures = chunked requests(urls, 100) # (4
response_size = sum(len(r.value) for r in response_futures)
return response size

if name ==" main ":
import time
delay = 100
num iter = 500
base url = "http://127.0.0.1:8080/add?name=gevent&delay={}&".format (delay)

start = time.time ()

result = run_experiment (base_url, num_iter)

end = time.time ()

print ("Result: {}, Time: {}".format (result, end - start))

O XHIRNTEM T — M55 EKiL chunk_size THLA,

0 i itFESREME— BT RS, FATHR T HA chunk_size &K
greenlets RERSTE [A]— I 213847 L1 SCHY £ AE

© FATREBILITFTEEY greenlets MAEASIH, B ENZHEA —ISETH
AT wait B iwait JHEI—EAFIERNIE,

@ response futures MIEFHA —MET EBARESH futures FIIEFLEE, FrE X
LY futures 1) . value J@ M FHEREA FRATHTHAE K%z .

VEREEY:, IRMTBES [ grequests RAKMMIKNIN gevent fRFT, R4
gevent UL THIA RBHRHI K socket #1E, grequests HAHT HTTP
PETESRAN gevent, HESREE LA MRFHA APLRMHIT X HTTP iERK (H£FEH
WAL F S ’ZBE), #H grequests, HATMRIMAERPRE, EASH
fift, AIAEPPERELE, SRIMANLZ RS T S EAUZA gevent RADAHEEITIB A FE
£ (LBl 8-5),

151 8-5 grequests HTTP JlEH

import grequests

def run experiment (base url, num iter=500):
urls = generate urls(base url, num iter)
response_ futures = (grequests.get(u) for u in urls) # (L
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responses = grequests.imap(response futures, size = 100) # @
response size = sum(len(r.text) for r in responses)

return response_size

O EILIANEH TIRIFSH future, FRATEESE THEE U/EA AT (generator) K
i, SXE LAJS BT R BCS FATTHE 25 S B3 AR R A Al 5

8 IIEH AT AT future X5, FHLENIBEMELHMITR , . imap p§
BB FN— A (generator) SR AW XS &R, FATHL R M B3 52 5K 3R B
LGN

—FEER SR EG R, RN C L@ M T gevent Hl grequests H/E
A VO 5K, (HREANE VO SRR SR UETAE VO Bits. & 8-4
N T FATHUS R B R Tt . 81 725 o AT )R S8 2 B R B 22 178 5K
FAMTREREIUT 69 fEREEEESETH] i AR FRAM B Z BB R T, &
TBERS B 2.8 2L R I B39 R T2 U BFT R SR AN IEAE A A 25, X5 33T IR R
(K 8-2) MBI TR T BEBIAIRT B, FEAFTIRIRAG I, — A A TERTHI £
FOEMZ A IR MH., FATREBE 2 AR RCR ERER gevent K] £
HTEAR. BN, FERZHT 100 AMERAL, FATE ] —AME, & ZEER, X
72 NI FATHI G 5B — e, FATRERETEAT AT BITH A K SE M I 45 15 5
B8, X225, FSEIEAFES, L5 MERERNA e, I
2 M HTHTIE SR AN,

grequestskyifE FA A E) 4
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8.4 tornado

A —A~FE Python AR ST EAH H 1) 554 1/0 )& tornado, B Facebook F- %4 HTTP
&Pl R SS At & . WP gevent, tornado el A IR AR R
TR TLIREM, 16 3.x KR, KT IR A—Fh R A s n 7 =X
W T #E%

TEBI 8-6 1, FATEI THIA gevent MFERFLEER, HRMHH T tornado iy
/0 18 (tornado MRAYSELEIEER) I HTTP &/, XAEE A T HRATHIREST, Hein
A A EALFANTHY T R IFAL B A 3 22 52 AR Y 75 77 THI T

5] 8-6  tornado HTTP J[& Ht

from tornado import ioloop
from tornado.httpclient import AsyncHTTPClient
from tornado import gen

from functools import partial
import string

import random

AsyncHTTPClient.configure ("tornado.curl httpclient.CurlAsyncHTTPClient",
max clients=100) # @

def generate urls(base url, num urls):
for i in xrange (num urls) :
yield base url + "".join(random.sample (string.ascii lowercase, 10))

@gen.coroutine

def run experiment (base url, num iter=500):
http client = AsyncHTTPClient ()
urls = generate urls(base url, num iter)
responses = yield [http client.fetch(url) for url in urls] # @
response sum = sum(len(r.body) for r in responses)
raise gen.Return(value=response sum) # (3

if name ==" main ":
#... initialization ...

_ioloop = ioloop.IOLoop.instance ()
run_func = partial (run_experiment, base url, num iter)

result = ioloop.run_sync(run_func) # @
O FLATATDARCE HTTP &P i kiR ATA B HME G, ARIRATEZ M &
S PRI IE KA
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® LMW TWZ futures, 3 yield 2] VO fEIAH ., XA REiqk%E,
responses ZRIYWHTA Y futures HIT, JEMTBILRT, FELHR.

® 7f tornado HHMEH Python FIF=A:4% (generators) K Hr, b T MEATRE]
i, FRATONEA: —AMFRRIE , i gen. coroutine {ERHAL— R FIE,

® ioloop.run sync £ HIEAR LIRS . ioloop. start () B fTI A BN
J&3l I0Loop, F—J7MH, &3l T — U F3h1E [/ I0Loop,

I 8-6 K tornado fLASAIBI 8-4 By gevent (LAY — A EEERZEFHEI iz
FTHmEE, 3T gevent Rid, SR AL iwalt REUEBITHIN R A 21T,
7—7JiT, FE tornado W, FREIEREAIE EAREAT, HHERIERFE
EPATHL, MABEZ 71 VO #53.

i3 tornado T EEE V0 B4R, I AKHARE (WRREFARF)
R R K AR IEAR , tornado BT ERRAO B KA PRt R IE N — B HERERY web
%48, 921, Micha E4%5E THET tornado MEHREMTIERE Y A HEEN
% VO WU, TER— 7T, BESR gevent MHRMEARFRAER, EXt
FEEEET CPU, T T i 1O 1 52— AR Ay 22—l
M, — AR AR LT RS, B TG S R SR P KA
SRR R AR B, O EESE B SRR A A HTTP AP, SUEER
HEWSHE ] grequests,

WRFAEED] 87 HHEENKEHIMM T |IFK) tornado Y, FATWLAEAH
tornado WHIFEHZ 2A1EH N1, FATATLAR R T Rsh S, FATLmisE
FRERIMA B R3] VO 183A T, BERESIE. KRG, N TEEFLLL, JOTLAVN
DHEFHLEATH VO f§3H L stop s%L, HHAEGERIHEIRN €, 4 e,
W S CH AT R R AR A S EA T, M HAR PRI A T 4E T, X
T8 OLA ARG — N R 2 [ AN BE PR A AL B (R B, X85 Rwllie o T WP Lt o KA
THRLERR KL, HFHBAVEREIEA S — A woR R 2h . B e Z s a1
L pR B AR AT IR A, A FRAT— EAE B R HOR IE TS S 4. Z A A, X2l
HRTARAY “ mIEHART .

51 8-7  d FH Bl tornado € H

from tornado import ioloop
from tornado.httpclient import AsyncHTTPClient

@ @, fuggetaboutit BE—FMArkRRIMMEREIRLH (EF 11.6 77) KA tornado IOLoop i
FEB A5
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from functools import partial

AsyncHTTPClient.configure ("tornado.curl httpclient.CurlAsyncHTTPClient",
max clients=100)

def fetch urls(urls, callback):
http client = AsyncHTTPClient ()
urls = list (urls)
responses = []
def finish fetch urls(result): # ©
responses.append (result)
if len(responses) == len(urls):
callback (responses)
for url in urls:
http client.fetch(url, callback= finish fetch urls)

def run experiment (base url, num iter=500, callback=None) :
urls = generate urls(base url, num_iter)
callback passthrou = partial( finish run experiment,
callback=callback) # @
fetch urls(urls, callback passthrou)

def _finish run_experiment (responses, callback):
response_sum = sum(len(r.body) for r in responses)
print response sum
callback ()

if name ==" main ":
# ... initialization ...

_ioloop = ioloop.IOLoop.instance ()
_ioloop.add callback(run experiment, base url, num iter, ioloop.stop) #©

_ioloop.start ()
© AL _ioloop.stop ENEFELT run_experiment, IXFE—HLE5EM,
ERS HIATKHM VO &3,
O [ R IS T2 MR B8, X2 FA A THE H 75 Z R 3k
RS R AR B, BIEE 24 B3R 75 ZATIa AT I e RS 45 FU M ek 4K
O FiHEIuF REEyE — A LEIES, AN T IRERRST XU EL 4 )R i
#2308,

gevent il tornado Z[A] 5 — A HRAY X 52 B AT Al AL 1 SR I 6 7
Ko XFHEPE 8-5 M 8-4, XFT gevent Bl AIIA, FATHE B —LL XX f £
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B LEREY, Mn SRR AEE LARREM, EAR KRR HTE X
EBAIERZ AT, FNTIEAESERF IHE RS A A AR LE I ] Br . ORI B IR R 3.
IRIET, PAECTC VR BEOR H AR A B 1% C 2 85 R 1 SR AW R, 3K L 2R U
IR T FOIERAREM AL TARR I B . SRS IRA AR, s
(ORESIERAST

7k, tornado By EIEEEEE ., XE/RE “tornado” BEME T IFHIILILTE
JEEAH ., XA PAHE T2 F R, X BRA— Dok =t B R 6T &8 R ik
H| 100 PE5EILGIZNET tornado 1Y, BREBHE IR, B FERA
FRERen) 7 2ORT A BUAE Bz, oAb, A2 /RO 2k B ENS
WAZIIEAE 7 8 BRI EE, XFEE N TN Z R E R a2

tornadoHi/E F B E] £
500 : :

400

300

=~ 200 R ERIot ST il R e

100

AiE]

8-5 {5 8-6 8 HTTP &R EFE&

8.5 AsynclO

YRyt 26 BR Bk AL BREE B 1/0 R G009 XU Y [|] W, Python 3.4+5] A T %
£\ asyncio FRUEFEBHAY I . X MEBREZ gevent fl tornado &
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JrIREIEN, ESCT MR, JEAT AP RE DI, AT T 45 5 i ol A AT I Ao
VREH A ARET . SURAE tornado HIIREE, S (FIEIA R USSR IT 46 AT
tAE. BEAh, Python 3 FIA T — By K iA——yield from, RKMAL 17X
XL RERI AL (FRATA TR 2 — AR i 5 R R [, b an F A 14E
151 8-6 HHLEIAREE) .

(EFEPLAOR asyncio FEREZAY, FAMMHRUCERZIITAE. G,
BARATAY socket APL, {HHISCH FIIITERM HTTP 5k, 1EAEER,
17 8-8 FHER [ ] aiohttp, JoibhMa, Xt asyncio PEAYSRHIIEFFIEHIK ,
SR e BT T REIEAE GRS

5] 8-8  asyncio HTTP JlEH

import asyncio

import aiohttp
import random

import string

def generate urls(base url, num urls):
for i in range (num urls):
yield base url + "".join(random.sample (string.ascii lowercase, 10))

def chunked_http_client(num_chunks):
semaphore = asyncio.Semaphore (num chunks) # @
@asyncio.coroutine
def http get(url): # @
nonlocal semaphore
with (yield from semaphore) :
response = yield from aiohttp.request ('GET', url)
body = yield from response.content.read()
yield from response.wait for close()
return body
return http get

def run experiment (base url, num iter=500):

urls = generate urls(base url, num_iter)

http client = chunked http client (100)

tasks = [http client (url) for url in urls] # (3

responses_sum = 0

for future in asyncio.as completed(tasks): # (4
data = yield from future
responses_sum += len(data)

return responses_sum
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if name == " main ":
import time
delay = 100
num iter = 500
base url = "http://127.0.0.1:8080/add?name=asyncio&delay={}&".format (delay)
loop = asyncio.get event loop()

start = time.time()

result = loop.run until complete (run experiment (base url, num iter))
end = time.time ()

print ("{} {}".format (result, end-start))

O IEUNTE gevent G T—HE, FA T 558k BRI K4 .

8 FATR[E—ANFRY MR 2L T HOC, FHRME SRR L8,

®© http client s futures, A TERERVERE, FATHE futures 7 A—1FFE,
O B gevent R, FATREWAELRT futures HER L I 2B EAT.

asyncio BIHUI—MRKAIEFALELRE SHRfEEH LR R APL, BORERIfL T 6%
HBREE, RATEENS5) 56 tornado B gevent MR MLER, (HEWE
ATHEE, ATRAESE IR A MR AR, A8 )12 1 S o B AT 2
BRI, Ak, PR PR R e, B i TR TH s VL R R
PEP 3f HLi38| T & #a4,

iMH, asyncio EARIFHAIG— tornado fl gevent XAERIME, LT IHEA
Al S EERR iz fT . F5E L, Python 3.4 fiRASHY) tornado H asyncio FEEN )G
B3 FF, @R, R tornado fl gevent HEMNFMIMEMIAF, KIZHFEE
MRS R, XL — T D5 21 H A o 8] AR AR AT 2 2 . AR EE 22 R
BT asyncio 7 FAIYMAEZHOIEIRE CRRREE, 8 T DAHMRIEFERRBEY
AR Al B2 A A AR B T 2R 5 P B AL

UG FUE Python 3.4 S B HUA R (98]0 HE, XM E D R — KRR
B, FRAEZH TEFRASRSE V0 F, B2 Python JFAATEMR S AL
K b E AL (B EEE) web i RALRE) , X PR B LI,

Kl 8-6 i/ T AT HTTP JEH /Y asyncio UASHYE KA 2k
@ Python 3§58 1MY (PEPs) 42 Python 4 DX T~ ane 22 (b AN AIAIHEFE G B DL E o B E R AR I —3R 43,

asyncio RfEUZMENTEF W PEP FRiEF B AT R AIRE.
@ RZ LR HIFEFFFIBIRIE ZTE Python 2.7 RAESRLEH
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asynciofifd F a2k
500 ‘ ‘ :

100 |-

0.0 0.1 Q.2 0.3 0.4 9.5 0.6 Q.7 0.8
B 1]

0.9

®8-6 5 8-8 Y HTTP i&kbtia =

8.6 MIREHIBITF

N LRI G E R, FALEHE 7R AR, E2E CPU #E
R R TIAERI RS VO BYALIE. BATRZTRRE, LA REITA
— BRI BE R UL R, RN EA R, R TARIR A B
BRI, IR SRS R AR AF A — DR, Aok

HERH VO SR, A TR 2 a0 B BR 1 A

o A HTTP i APL, SCREFRATTHLAENS B R BT 1A 69 5 7 R AR RERG RS
o THRZIFAIZE 50 ZAPHIZ.

o HUIRPERENS I IR — IS R

O EXAEWNER, BHRERLTERIMRD,
@ XX PR H 47 2RO A A A T RO RE PE RS, LA Postgres, MongoDB, Riak %%,




BN — LR BRI LG, ITREESOFH YR TR, SmEdEEN
HTTP API kK

from tornado.httpclient import HTTPClient

import math

httpclient = HTTPClient ()

def

def

def

def

save prime serial (prime) :

url = "http://127.0.0.1:8080/add?prime={}".format (prime)
response = httpclient.fetch(url)

finish save prime (response, prime)

finish save prime (response, prime):
if response.code != 200:
print "Error saving prime: {}".format (prime)

check prime (number) :
if number % 2 == 0:
return False
for i in xrange (3, int(math.sqgrt (number)) + 1, 2):
if number % i == 0:
return False

return True

calculate primes serial (max number) :
for number in xrange (max number) :
if check prime (number) :
save prime serial (number)
return

IEMIAFESATHIT (B 8-3) HAVHREE, BRREIR A E KRNt (50 Z7)
BAHER, I BRI AT LB — DR X AU, R, &
ZR¥| max_number = 8192 (AT 1028 FH) B2 T 552 £, HAIMIE,

T e, RPFIAERNBBATIHR TR K, JAIZ DR 51.4 7R 10! P
LA, FUR PR IATIETERL VO B TR, FATIRSE 1 93%K ],

VERERAR, FRATARMUAY w2 HR 3 A AT SR 7 3, AR AT T (R
SR MARZ R, BATHATZMILMELARIER) V0 65, S5 T, Fi1e]
Y —A AsyncBatcher JSRNHAMEHMBHIER, FAEFRZNE HIHK.

import grequests

from itertools import izip

class AsyncBatcher (object) :
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__slots_ = ["batch", "batch size", "save", "flush"]
def init (self, batch size):

self.batch size = batch size

self.batch = []

def save(self, prime):

url = "http://127.0.0.1:8080/add?prime={}".format (prime)
self.batch.append((url,prime))
if len(self.batch) == self.batch size:

self.flush ()

def flush(self):
responses_futures = (grequests.get (url) for url, __in self.batch)
responses = grequests.map (responses_ futures)
for response, (url, prime) in izip(responses, self.batch):
finish save prime (response, prime)
self.batch = []

AR, FATRED LS AT Z BTy RAER 07 ARk, FEX B2 A%
AsyncBatcher FRHITHATIHRE, HilE R 2R EZEFERK, B,
PEAAFRATIEAEAE S AL 3, FeNT it ok i ekt , B ek (EWRETH A
AsyncBatcher.flush()),

def calculate primes async (max number) :
batcher = AsyncBatcher (100) # @
for number in xrange (max number) :
if check prime (number) :
batcher.save (number)
batcher.flush ()
return

O FATEESELA 100 MR, JRE S 8-3 F R BIAREE AL,

WEE XA, RATREBALITHE] max _number = 8192 iz N} [a] (K 2]
4.09 &, XK T 13.5 R EERTE, A IR Z M TR, DMK
IR AL PR 2SRRI T, X PRSI A4 B L P RE R IRE K> — N R G R B IR
EFERERFEETHRR (EXMIELT, FEE I, RTER 10 HEE]
XEEHE).

e 8-7 1, FATRETE B3k L4A8 AT AR R B TAE Tt S A IS iz AT ], 528
FBSFEXT B AT RIS B IR T2 RE 1), RAERANTEANRAER LA CPU [ EH
BIFRE ., AT e A, FATFZM G multiprocess Z AR
R PA—ASE ML R R A FR S ) VO TAEER Sy, TR AR A S Y
CPU iz&# 55,
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FNBINZRHE

8-7 AEHMEVRILIENE

8.7 ING

MRS U TR RGP RO IR, 3535 A — S SN (5, B A1
ARRTHE R —MER s 3 LB AOHURRE, 55— D TAEENL, s ik
TR AR SRS . TSRS, (R0 B 10
ST, REORRERT A RO A T 4R T RSN BT,

ki R VFRAETIIER 24> 1O BERGURE R, MIMA BIT 10 HHER R,
AR FLVFARARER /O Al CPU #AERYEA X FIRAR T AR 112 4TI 18]

BB ZIRAREE, gevent i VO 2 T HREIOIRIZE D, J—Jim,
tornado LEARFBEHRIFAFIEINIEAT, FVFIRGE A FCHIEEIRRIE IR B2 AT
RAHIESS . #J5 , 7E Python 3.4+H1iJ asyncio fiFseeizhl— a4 V0 #,
B TR R IO, B EREAM N T —MAFERTER (55 TR
THE Python 3 ARTERZ A & B A STHF AR GIAT vield from ), FfilHE
X —FRINTET R AL, HETHEZ MREEH R PEH—1,
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&, BAPRMERX 3 NP ARMIEEZER, LEHEEZERR I LR T
PRI DT K. BN, tornado MY — A AR PuH 5 Bl 57 42 A - Dk
ikt ShztT, H—JrH, R asyncio F ERISTIHMHMME T —&, HEE
FVF IR EARZ ) APL, RS Eh S THEE,

e =, HAISRMEXAKE T VO HEM MBI AT AIRE, HILEN
AT CPU MM, M TXAHI IR, HITFAEEBERNZITZA 10
BeAF, T AR RN TR TR R L, X AR EE TR RV IROT a6 B 52 4 T
PIRRIRER, A, FAT T DA (SO 2 A RS 73 51 AL HE 23 R DAY 135
EIRAIRAT 2 M R Tt
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F9FE

multiprocessing &1k

AR EREHEMS 12 T 5 5

e multiprocessing BHSEMHE A7
o HEREMARERIXGZA24?

o FRZAMATZERE AE /N HERER?

o TG AREF A BRI R AL BE T A2
o IEREMEFHCO AN AL RAT 22

o KZWMAHZ CPU NALFE numpy £idf?
o AT E MR E R

CPython BUIABUA (12 CPU, —&R5 IR A2 Python R Al T A% SIS, 7
—HBor IR 5L b AR AT IR A 2 A MER) . Python £ 3RATIHR AL T TH, (H
AL IRATH ORI 2, R0, BRI Z LA LR T4 CPU SR KM
BAT— AR IR Y, B DAEARE o A1) & 57 B R4S A7 R B B il
it

B

184332 % 492 KAV fe L B3R E] 492 CPython (K M1FTA AL 4918
J 523 ). £ Python i35 2 F , /X H 4 A & B4 % 4 & 4. CPython
R GA B S 4%, 2RI EI (Hlde, BABPHEE] R4
E 5N 469 PyPy ) TTHE RSN RPT R4,
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RV T A SRR —— DA R 2500 4 7%, S 0 8 AR
TR, FEE 10-, 12-F1 15 % CPU HYIRSF S8 A, AN ARAY T fERE
VAR HGETT T2 CPU, USRS TRITIHS ), AR E%
P LTy

LI TAE—A CPU & AT S, IRALRERIREH n %88 n 4 (nx) B
JERTE . WRAVRA —A 4 ZRGHLAS . IF HRESHIRAOAE S5 8 =800 4 %, ERUA ]
RE AR RASATIN [A] ) U 73 Z — R B 58, IR TTRER B — R T 4 fER3R I, 7528k
L, RATRES RS 3 B 4 Rk,

BB AL BLRE 23 I8 A5 BT R el B RN A, B DMRIR D 2455
—A SRR n ERHRE . BT URIEFEAROLA R, G A5 T B L 2 m] AR ARAROK
PABCTIRBERS B 2R DS A JBE . X SR 1) i U o R A7 AE TR M R AU AT
giRE PR R, HFHEREHE AR AE, XHUR TR WO N2
EARIERA .

WRARA A Amdahl 56, ARBLE G2 P35 — 289 Fobbkl . SXASERER TUIRIR
AR A —/ N RERE T AT 1L, IR EM 2> CPU ok, Bk E, Bz
TeiRaA TR, FEARS 2 RS B B 2/, R ARAR P AR T IR AR K —
HAREIE AT, WIUE A REGE ) CPU REYA ORI R (R (R RIS TR SR,

multiprocessing HEHE/REE A BT HEMET LA AT, RS F3t
FAESS, DARTERR LR, R ERE R T RN ZMHT (MR
b, AEGRTERE) . — MRS R CPU BB R, fE— iR
& PIHATIH—MES . IWATRER B RIFATIL VO AR, (B2t I ss
8 FATULAVAREE, A H AR TERACFX KB (i, £ Python 3.4+ HYHT
asyncio HHUFIFE Python 2+H Y gevent m# tornado),

h—
Iy

OpenMP & —AMKEH S Az — AR THeAE R EFH A TE L
®mif & F multiprocessing k@, HMESH 7 £+ L5 Cython F=
Pythran f£—®RNGZiEE, ERKNEF 7 TP HFEALBITEE.
multiprocessing fE—A ¥ F 492K EIAE, 3£ F Python #94k3E4E
M), T OpenMP — =4k %5, C /&, AL C o RAEN £ (Hlde, &
REAF SR RIAE. € RA EARGIFRGRADE A A ZXLEEA.
TR AREGE (Hlde, AR EALA F2089 nunpy KA BEE S
A% EiEAT), ARARHFLA multiprocessing ¥ 48,2 E #6918 42,
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N T FATARBIESS , AR ZTE VA e S — A R AT AR 7 B 38 77 SR O ) — U
Fr AR BE  VRb I 2 RN ME LI — T RS —EHE 2R Al
TERY o FATEHER AT REHLE AT ORI AT (RIBEAR A AR LSS Y R A
JRTIE), SRR S PR R R T

—NRE IR E ) RO R A AT RGP RS —— R X DL % R 5, (H2
AR TRZITEH, I EAEAMUER, AIFZ MR, S A ARz,
JIr LAY R A B B A 1 DLEI AR T 58 78 9.5 7, FATRF S — HIRITE R Ry
THEF R PRSI, # eI RS SRR A E RS AR 2

b, —ANEERRE LT 2 TA 2 /RSO B R W B TR R
AT, B, GRFEATE L4 Python AR SH ML —FERY 8L, A I
[EAESEAE (—FhEACAE BTG , IS FRATHG IR B2 1) Python 2
B, SEASHEZ KRIED.

F—Jr, WRE NIRRT RN HAR Python FEAENGETS, ABAEEIT KT
RGN PR AE 7, 18 TS . XERE LR AR L /Y Python
PERERS, FA1SE PR Lipite TR A RE

VEREER, A B — L S B R RSB R A R AT L, BN, =4/
RIATY RO (58 6 ) I, MR m LM T — DR TR T
PE. EMITARBAR T FrisfdE e, JF HaRm TR B |

multiprocessing A — L8 #L AU T A

o AHRBRAZEIFTIL—A CPU BERIES,

o JHMEICAIH (FHERIFRIE) FELARM AT —A VO BEAULS .
o HIBAFRILZAAT ) TAE,

o TEIMTIAEZZ MFLZRES, SFFT . FASIRRE, FHMIIE,

WRARM—FRE AR CPU BEAUL S (BN, C++BL Java) HYIE S %
K, AC2ARBLZAIEREAE Python FHIZARE OS AR (BRI,
ENVeEERMRIERGLRE) JENS RS (GIL) FraRsy, FrbAR-— ]
HA— AL R AR Python XL H.

WA, JAFATEIT T —EX0ER Python fi#REdy, B—MEREEATA
AT, A H O GIL, HH&E—Eriafr (BrbABE GIL ZEEZES).
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IXZAE Python FH@ T CPU 5 B AUAT 559 BE HY) e AT B R 75 2K, PR FRATT FE ZE ALK
&, IBATATHTE ZIE I — L@ EI 4. FR01HE 9.5 WP 2T IR,

WARAR A numpy ZALTAE, (RR] BEARAE (75215 n] AR — R Re. (i,

—AR 2 4ERERE), LA R DAEERE AT TAET 7 Bl ARmTA, (Hgidid

BEEXELA R BUBRE, FTAE 9.6 i, 1S4 —ilTE 4 4 CPU Z = —

/> 6.4GB () numpy 2, SHALEFRDTE NEHE (£ SIEAE RAM i) TAESE

KONEME, HHESEERWEFEITE), ROEERERIEERZ BT, X
e ME—GPLE ER0AH TARE Z RS SR B A AR T 5K

'8

X B, RAVAAE T *nix PR L4t multiprocessing ( AZE 2
JB ubuntu £ 5 &9, XA N % 6 MK E) £ Mac _EiE 4T ), % -F Windows
IS, R ZEE T XA,

AT TR, ROTAERwIL—ELERYYERE (NUM_PROCESSES=4) RTE lan
ZicA LILE 4 DB, EOAROLT, multiprocessing R ERE LY
RAEEZH (Widefh 8 %——4 CPU I 4 HA&RR) ., EH RSB g I AR Y
HERAIE, BRAEA Rl 2RO E BRI TR

9.1 multiprocessing t&iRLEIA

multiprocessing FHE Python 2.6 G| A, TR CA&FAER pyProcessing 1
P, {EAA Python NEEEAT, EMTFZEANZ:

piiic3

— I YFTHRRRIRA (forked) #8501, @1 T — RN IRAE, HHAES
TEBRVE R G PA— N2 TR 2 AT . AR R] LUB S B IR IR S H A E
AR TERET T,

e T UEREEEAR  AE— 7 R AR S i It = — R AR R R A Y
g:l:

B
—AJeitsett (FIFP) BB ARV N EF-EH T E .
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EHE
— IR i) OO ) B8 T R [ o £ TR
ctypes

FVFIEBEREIRAE (forked) J&, fEACTHERRMAIL AL MR (Biln, A
B RERTED .

[7] 2 I i
BRI S BRI AR ] [7] 2 P 1

o3

# Python 3.2 3| A\ 7 concurrent.futures 3 (idid PEP
3148), gil@id—/F M E AT Java 49 java.util.concurrent
BT multiprocessing $94SiTHh. BEEZRAET T4
Python B A, RATEX Z RKRE, BAHE RME multiprocessing
ARAE R &, 122 ZAVIREE A Python 3+ kA% 2 Wil R A, RAVEAE
FeHH—B LB K nultiprocessing,

TEATR TR, AT A2 — 4L 5 R i XM ER A E l T7VA

FA RO 545 R 2 T vk B — bR i 0 AR R A 580 pi L, 66 i 5 LAY Python
M numpy, g MR, BARGHEAFAIRNE, B VERERA AT AL,
FATRREG MM numpy HILAEPE S — IR ZINIEER, TR, KIS
FAHFEI R 7 AR R R A, B ST ER R B E 0t FHER
FAVEREREA R (FITERL)) i TARERBARACHA I BA TR R ST Bl
S FERE R TR e R BAR R, TEIRERNTSTIA Process I ZRBUITI
FLH —A~ AR R 29 51 okt TARE AL A

BTk, 14 b HHFLAEE (IPC) ERE—A/ YT RE E R ES ., @
HHEZA CPU Z MR- —MEER TAERE, WRRE T —ET, ROT6E
FI IPC SRIB RSN R, TR B8t WA CPU BRIRAHEREE, &
IIRF 200 L= Python X5, OS JEIEHI—> Redis iS58 R MEG—F I ETER
Tt R b B 2

FATATLALE 4 4~ CPU Z ) 3= —4> 6.4GB f) numpy $H , MiiPesr— 4 ERH T

VRGBT A 98 VIR . RARA A AT AR R, IR 2 AR Y 1% R AR
Wk BRI, FRRT] DAE RAM FPArBCE A2 a], 5 U1 A8
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i, WMNSBEBRIELRRRFE LA — AR ((ER—4 Value) A
BN B, AR 75 A IE A b A L SRS

g8E

PyPy (% 7 Fifiit) £ & L4 nultiprocessing &, # Tk
#9 CPython ¥ (A% £ BARBT AR numpy #4945 ) 1& 8 PyPy & #F
BATHWARS . e R AR R4EH CPython XA (A CH RERE E S8
F ) RMGFATAIE, ARA PyPy T Gbsh A3 AR bk IRk

AE (FEEAS) 9T Linux b, Linux HAYRE (fork) #Hf8, @il wpe ik
FER QA PR, Windows /b fork, FrbA multiprocessing #EBUiHN 17—
48 Windows FFA LN, AERIREME ] Windows &, KATNWIRERE—T,

9.2 (ERAFHFRFHEFRMEE p

FATRT RAE A 1) — A B — A R 7 [ T AR 3R A TR T B LT RO A B TR AR
KAk pio TE A 5 B A0 2 P9 A 2% ARG CER B 2 [R] Y 58 BB RV R AT DR
it pi,

2B — A FRAR BT, PR A AT RT ATERE A AR 0 807 — i BUE AR R] 35 S R
5y, B—NBTE— MK CPU L, B— MRS FERSER, FHAEg—14
RN TAE R BRI EN, FroAERMA RIS CPU IR LRER), FRATAT
DAV A5 T 153 i3 B HR T

TEE 9-1 Hh, FATHIRALE A T 10 000 B ER, Horh—E HoBil YRR A T H
KB B R A DU S50 2 Y o XM SEARIR——10 000 A KERSLIBCA I St ss 3K
M=/NERIRER . RAIR2TH SN, S2FSERMAFEE30F 322
[B]AE 1L

N TR =/NIRATR L, FATTE 4 10 000 000 EEHL RERBH. XI2RAL
Y (FFAESEEFRY pi (A7), (B2 B 7 SR T multiprocessing
AT BIEFAL .

W& SRR B ik, BA1EA Pythagorean FRIE MM — A WELZ G E R A 1A [ ]
NE

JE+ ) <T?
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PUATRATE T T — B ffs, BT DATRA T RERSE R T IR (17=1) Skilidk,
AT AR R IR AL B

fFERA10000R R4FF 5 K IERHIHEEPif3.1472

RN AR LN S A0 A
e - . ‘4 '.:.-:‘;.l *x:;’i:it:.g::" ".ﬁ‘. x;g”. ’...“.. “‘V

T O AN, TS S S

5 % ~ a ‘ ..... . - LJ .‘

o
R

&
RS
&

LSS ¢
Hoge KX w' % 3
W e
SR \\%b‘ &
W T

a R

A3 w’

v,

91 ERRBFEHENRMGE pi
FAFEB] 9-1 W BB —MEIRHIRAS . FAT LI — @R Python LA, LA
L VAR~ numpy fRAS,  FATHRRS 60 LA AVERE AR AT R AL

9.3 (ERSHBEMEEKIERMEE pi

Hff— N EE R Python SEBUHE IR, FroAMIEA TS NEI R, £ B
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RS TSR A2 g AR CPU FHATIRE, FFHY
A A EZH) CPU I, FATSACHLARHRE L.

9.3.1 {#H Python {5
Python HYSZHLZE 55 L0, IFLREHIR T NIFH, 44 Python ¥ LURH G0
FRYCBETE . BURAIES L, TR T RIS, FREHA TR
TS RIR, P h PRSI . BT IR ARA, FA LT i1
TS T IR,

51 9-2 7% T Python il THI= A5
e MMiH multiprocessing (¥RZKH “H177),

o [EHZLAE.
o fEHIZUERE,

FERIT, SHIEMSHIET, EAXIRIH100000000:% C IR R Hpiked i)

140

4
120 1% ANUUURUVRNIGI PSS - S

BITARHIZ A G ERBBI T E

100

80

BUTRIE] (Fb) - H/NBgr

60

20

92 TIEF&17. SLENZHIEP

BIAVEE L — D AR SRR Y, FATLE Python 15804 [RLE R 19 KRBT,
ik Python FE AR S HIAE T AR Z 1814 7. APRFLATGEA Python SEBE, AR EIL
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FHE 100 000 000 K KEE, FHHIRNFEHATIEE, ARSI LI NZ4AE
EHRRER A B TAEE A A 50 000 000 YR KEEFLHT,

B — AR RARAE SR 120 A0, GEFI P BCE 2 RARAE S A il 66 1 B8
Z R, Mg 7 iatritE, AR SRR A (BrEEl) MRtz
FTRIRCR —HE.

W 2R, UIEME A SUZ B IUAZRY Tan 04 BN _Eisfrns, OS2 T
—AERYERIE, X 8 N TARFAE L, TN T RE B AR AR —
ZICAHEM A 4 MY, B ARNTLPARRE 21T 8 MR FAFH I
HEEFRT .

B 9-1 Ji&7R T AT Python AR HY pi ffi 5 8% URFA TN 2 LAR, R4S GIL
PR, FroAREENLRERBIEMA CPU Liaty, HRERSTERA KL
REIATINA &i81T . FEREMIRARASZIX PR ATHR A, Fo R NIRE (fork) iR
AR — N FAA B Python fRRRERIZATIE — MR LA h——B A B =0
%, PrUABCA GIL 3a9, A T Python WERIFEHLE A sy, HEFHH 9.3.2
TR, e KT IR B S AE R AU

il 9-1 £ Python Hff Fl— MBI AL pi

def estimate nbr points in quarter circle(nbr estimates):
nbr trials in quarter unit circle = 0
for step in xrange (int (nbr estimates)):
x = random.uniform(0, 1)
y = random.uniform(0, 1)
is_in unit circle = x * x + y * y <= 1.0
nbr trials_in quarter unit circle += is in unit circle

return nbr trials in quarter unit circle
Bl 9-2 JE/R T __main_ fURSBR, HERIRNERShE RS By s 1, Bk
REAHS PRI, A2 SRR K — N URAEFE UL (fork) , X EEAE TR W] LR A A H] —Fp
R TE], FRATAER] 9-2 Mg TaRX AT, PONE AR AT I 18] B — MR 2
BRI

Bl 9-2 S — AR pi A main

from multiprocessing import Pool

if name == " main ":
nbr samples in total = le8
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nbr parallel blocks = 4

pool = Pool (processes=nbr parallel blocks)

nbr_samples per worker = nbr_samples_in total / nbr parallel blocks
print "Making {} samples per worker".format (nbr samples per worker)
nbr trials per process = [nbr samples per worker] * nbr parallel blocks
tl = time.time ()

nbr in unit circles = pool.map(calculate pi, nbr trials per process)
pi estimate = sum(nbr in unit circles) * 4 / nbr samples in total
print "Estimated pi", pi estimate

print "Delta:", time.time() - tl

HAQE T EE nbr_estimates WP, PWIEERBERER, XMHZ
BRI, T2 )G, FAISREIMREIRE R EIZ5R, 3]
SR L LR F A 2o A S B R 9 Y AR AR

MM multiprocessing A T oEEM, FATAHEER frommultiprocessing.
dummy import Pool RiGH| — MM IA— “dummy” X MHFHYSIRFA (K
TBHAFFAI A2 M 5ok 4) , BN — 2 threading AR (1
HARFOR SR R R O,

i A=
= H
y {AAFEBGRRMBZG BN AN ALHFLT — & RAM, &1
%’\ ST —/NME R AR b0k A (fork ) #42 & F 10MB %] 20MB
HF L) RAM; S RARAEA T IR B BAndidfs, AR AART AL B—
Ak (fork) M dtf24 EALERTH. E—AH RAM £ %49
A4, XTRA—ANAREME —wRIEA T T RAM, Z%ak4%
AL AR S 0 RN, AR AAEAT AT B2 AR R 49 RAM A=
XA G R =R PR A ERAMA,

TNHEBERRZ T Tan BZEICAS BT PO EAZF3 CPU RIS AR BT )
PO (B NEARET T — M ERR IR R ). XLEEARFTR
ERYBE S 75— Python JERERYE BN 1B LAK S B2 > TUERERYIT4, CPU
REFICT T BICA R AR, A SCRBOX AT BT I #Y CPU A,

HETHNEESR T ARRTHE R, R 9-2 FREREERER, BT
PARE (RIS AT RIFE AN I T — 0

K 9-3 R H H A — AR RS (FIACHE AR — 21T ) RYPUTRILE R H 2441
AR — A LR R, B — MR E R T 100%) CPU Fi| #5128
FEA BT, ROTEBHH— R ER T,
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BERNT M AR, Kokl Pool (processes =
AERERARAE AT I Rl A 21—, B 56 7,
R A R —— RN E 2 A RO

TEE 9-4 B FIRPAREE, HEHN
¥ HPIA CPU #emi i A, X2 FA1RES

et —

I

2) . BLANfREE

AT AR R AR AT SR BT i T, HAmE (s
REE I, SR M AR CPU Msa S AR (B 1524

CPUFIFl 2Rt 2 4L

~ 70
o
‘:}‘4"5 60
= 50 é
&{ [}
v .............. 40
E 30
O
20
10
]
] 15 30 45 60 75 90 105
BEl (#)
9-3 {FF Python WA —T#HIZRIEE pi
CPUR A R Tk
100
90
80
70
60
............... -

CPU (4#%, 4#8%12)

14

21 28 35 42

RflE] (&)

49

9-4 {ER Python WERAA THIZRIGE pi
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P 9-5 s 1 4 4 il 4 DB Y SR —BUERATIEAE A X & BiCA
iR R . AT R 22 AR A 2 —, 1 27 et

CPU#I A Z=pERTE T 1k

100

4{BLTR)
CPU (%)

CPU (4#%,

1

0 4 8 12 16 20 24 28

Bl (#5)
9-5 f{&F3 Python X¥Z%A0 4 T#HIZRIGE pi

SR 8 ANHERE, WUANTER 9-6 H BT ILEIRAE, FeA1Toik ik s 4 It
AR SR T . BRI 4 MELAE RN CPU LBFREREF AR — SR
WAHMALERRE ST, 4 > CPU B4 i AR SR A T,

XL R R AR — P AR A TG T CPU MYRIRE, EBAREEE
B MR/ IIE B A2 1Y B ok U CPython 1] T1RZ RAM
AR RGN, B AT EENE R34 SR A A SRR, stank Al
TE T —TFr WLAIABEE, numpy 55 HF) B T X SE R,

-

ERMG 28T, o RARGOF &I TIR, REERSLH AL
30%49 HEAEHCE . B, Jo RARA — ARG T ¥ A ey T ARE I
o PR EAVX B 4935 S4B, AR CHAMRT, BLRE TR
TR, RESLUGFEES 6 CPU AR RIFL T, —HAT, &
MAEAREAZNE —AHE e fl, Fo T2 —AMEAL B AFTTR, B ARG E S
49 CPU R I EAR G RA (3G hn T T4 ) RIFRLZF

PAEFA SR ] — MR P R 2 4R, TR Z R LIRS & BIRYIREE,
B “GIL 34" P 3BT SE br i RATH R Szfria E1g T,

204 FoE



CPUFIF R [E]ZE 1L

CPU (4#%, 4i#B%:7%2)

1
o 3 6 9 12 15 18 21 24

BE (R

9-6 f{EF3 Python 4540 8 THIZRIGE pi (WA BBHIFIMI &

’ 9-7 TR AR TE— M Python 2.6 IO R4 F35% (774 Al Python
2.7 HARIRER) X2 M David Beazley I SCE P2 AAVFIRAH) GIL
Hseg &, “Python GIL RYRIHRAL”, BEIRHIZLET (REIWABREME, TFE)
E/RT Python ZARLE AR EZ A ARG GIL (HR2 R T, Bk aEAR—
MsfrPrysts, BEER T —PERERE (de) RIRISRAM., FATTAR Y
#; CPython iy CPU FRAULF TN Z ZAERS, &4 —JF4H. David Beazley 1£
“EEf Python GIL” " (i T f##¢. Python HHYZ AR T /O HARAULFF A LS,
{EZXF CPU A2 A AU 2 — I RE L Y B8

2 CPUERBIZT2
2 CPU

9-7 Python KIEHE—TIZNBLES

BRI I AR GIL (ISR A ) B, EstiEA 7RG RIE.
IR — AR, A4 A 2R E A R HbMA B T 153K B GIL, iX L6 E AT 1Y
D EAR R B, David Beazley A — M A H. A bR 2 B £ R 7R X A 0],
RAT AR R B B2 A CPU W 2688 ER— AR IR GIL A, R
HEZEBETT M 2EAS EHAE—— N HE 2 LM HZ CPU BF
“GIL 3e4+”, iX7E David Wl b1 4 o8 o] 4ol ve e AR 2 5 L3

WMRARREATETE S GIL, ([HR AR GIL tLRMEE, AT A
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B IALAMTARLL @R B 2 i2, BATATBE SR I AL T 45 fr i) AR Ak 2 2
TR SUAHFER IR, 5 14 GIL Wi (R TI R 4i%e, (H2 28 GIL, &
R — N RARRGE T, REA GIL, BNEERSIHTafrmis
FEATAYSERT, XREAAERL & TE 7 MU R G BT A .

{EAFERAY R CPU AR T IS |2 AR TR ACRAE Python 3. 2+ 453 T A REAYLER .

BATIE AT IFZIZ 4789 Python KARRGHLH] (2@ F PT4med GIL HH
AR CEREE T, AXEBIFF, A LT Gy at R 18 [ fe
MeAK T B A 455 S A A2 A kb9 A SRR 93 S 5| ATy T4, “He Rt )
RITE” 69 A AT AR I dy — AN A AT BOR AR 09 2 3T K R BAX

—Raymon Hettinger

K9-8 &R T S HAFER 9-5 Fr P BRI A RS T 4R, (BRI LRI T
PR . RAEIETE A —E ¥R CPU, {HAE—4> CPU AR R 7= T TAE A,

CPUF F Z[ERE L

100
90
b et AR HERERTARUIAREIRER IR SRR AR AR LR RARRARERUARK
80
7 A AR A A A A A A A
70
~ 6
il 60
® g
- S
v. Iy N L . 50 O
X [alll
5 O
40
7 4 [ S S S SR
3
30
20
10
)
0 20 40 60 80 100 120 140
BfEl (F5)

9-8 ({&F3 Python X440 4 MLIZRIGE pi




IR LARIELEBA GIL WL TiafT, IAENSEETE 4 4 CPU | 100%
) CPU FIMZ, (B4 T GIL, &4 CPU gt HREB M EM (HET GIL), Btih
HIT GIL 5a5, "EA1ia4715 LI Fr i AL 248

XF O 9-3, BAHERRSATHIFE R TAER T2AZ 120 BAR 160 15,

9.3.2 FITRZEHPRIBEVEL

A A LT IR LBOT 51— A IR I, AR AR B L8, S 5
HT A Y] LI RO 1 5 S M ——Ze SRR R A RO R T E 3
FrERE bR T AL A X 51

FAITES] 9-1 HEALMM T Python N EAYREVLAA i#, 78~ A9 9-3
MM numpy BIREPLECE ids . FEXPARE LT, FEVLE A AR EE TR
IRA DL (fork) #EREHEF T, XFF Python ) random filFifi 5, MFhT
multiprocessing W#RAL B ——AURAEIRAEFE UL (fork) HME], EFH
random f£4% 773 [A] W, AR A ERUTE R — B b A Hh 5k 1 R o S BE ML AR AR 1A
L1

TEHE T ORI numpy Bl 1A, FRATAATE BB MRS T A numpy Y
BENLEUF IR T, IRARIRAEFE DL (fork) FydE— AR E B — A 5E & —
FERTRELEF 51

WERAR KD FFAT BERE T 68 1 B BEAL AL B, TIRFATI AR B DX AT, B
FAVASAEX BITE, Wi numpy Fl Python HBEHLEUE Bi#E &R BAF, (H2W
R R BT REUT IR S (B0, XESream R geRu), AR
W ATEAE XA G2

9.3.3 {&H numpy
AT, FATLUHREE A numpy, FATH) REEREFEUEHAE R numpy K&
WA E——FRAT A B T AR R AL SRR AT 50 ¥k, LU Z WY Python i T2,

L YA R R, numpy H4E Python B T ZL R 2 B 7E RAM [ IE S
A IMRARZ AR YR B AR A R A X R IA, AR B 2 3 2 Y
Python XF R, HF— A G o B Y BEAN T4t

PN numpy XA A, FrbAFRIIFERE 4 MBAAER, BABE—AIVINY

HEFETE, FATHAE Python HUA TG EX AR EESE T, 2 HEKAY Python X5
BOA A R 2277
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TEE 9-9 Hh, HATER T =%

e Rl multiprocessing (FxZh “H47").
o [HEMZLA,

o (HHZHRE,

A AT AR T AR A DA (R 9 A8 T——BCA M numpy SR 2 22 R T84
CHRRE DTS, Wtca®ERT) .

L Z RN, FATE RSN CPU _E— 2 HLE) 100%80FI I 3, 4558
HURTEIR 9-3, [ 9-4. [ 9-5 A 9-6 H T /R ARSI B, (B2 6] numpy,
RiisfrE R TRE .,

AR, RLRERARL, 2 B LAEa T8 B R——iX 540 Python K
LRI, 4l Python AN 1) 22 LA S LR B2 4715 B 18 . WLANTE SciPy wiki
EFRHERIREE, EE TAET GIL Z4h, numpy RERS 2 L RRIRFIHH [F] 2551 4 8
S o

EBRIT. SEZMZHIET, FAnumpy 1000000008 ©IE%HR 4 Epifyetia)

FalV it

WATENE ()

— ifti2

IrEHE

9-9 f{EF numpy TIEF&H1T. SLIEFNDHIZE
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2 ARG FA ] — AT P A BE SR T, BUANTESE Python B BT RS .
A CPU LR RIS, MIFEA 4 > CPU ML R = 4 1%,

B 9-3 Jrn 7 HATRIE R R EATE X, R FELECE AR X A R RO T A4
R T o X T AR AL, XSRS = 1R R R B LA
A pids, HFHEN PR %A s o XTI RAS SR, AR R AT
e MRAEDRE (fork), FreARTAIRE (folk) HIMRASKH S ZHFAPIRES. X
R FE R REYLEOR A SR IR R PL BA seed () R PR N IRA:
(folk) HEREAE M — A ME—RIBELEF S, BISKER 932747, A X THATLkE
LB S MBS 527

%1 9-3  f§ /] numpy %5 pi

def estimate nbr points in quarter circle(nbr samples):
# set random seed for numpy in each new process
# else the fork will mean they all share the same state
np.random. seed ()
xs = np.random.uniform(0, 1, nbr samples)
ys = np.random.uniform(0, 1, nbr samples)
estimate inside quarter unit circle = (xs * xs + ys * ys) <=1
nbr trials in quarter unit circle = np.sum(estimate inside quarter unit circle)
return nbr trials in quarter unit circle

— AR RS AT S 2 2 SeAiat T I HARGF AT (xs * xs + ys
* ys) <= 1, TEXEHLE EXT random B AL RIZ1 T8 T— 8. AL
BB AR Z M T GIL 1Y, B AEREPRES A & 2 — 4> Python XF 4R,

PR AR S R A T P SRR -

1. EREITA R numpy 17, I HABRA SRR BT RZTT, 1217 LRI
_main_ W] time. time () RICFIATIH],

2. @mEE—17 (H56, AN xs = np.random.uniform(..), HHIE(T
JUR, HRRICR S TE])

3. WEET—47 (GUAE, #ilys = ), BRIl 5 i,

4. EEHSINEIE, 64 nbr trials in quarter unit circle=np.sum(..)
(GR

5. BIREEXNEE, HXKE 4 M58, BITER.

6. HEITCLREM A 4 NN — NP IRE TR R 25
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EABEAHATIBTAS, PrAEXEE ] 1ine_profiler mi3% cprofile Z
R TH T iCR AR AT R WA R B R P22 5 B — A, (H2 A
TR RYIETE R T E5IE

o

4o B AR MBI AR S AT A uniform ¢447 4, At A —& £ numpy B
o ¢ mtrand XA/ mtrand.pyx T 3RIFEF uniform, 4wRAR
VART A Y AL numpy #9R AL, Xt —NARE%.

H % numpy B i F 9 ZEXT A S84 TAL DL 2 Y, B TH9 7 numpy B BT A
(IEAEPE (5140, Intel B Math Kernel Library 53 OpenBLAS £ R ETENT ),
R E B AR B IEST A

YRAJ LA numpy.show_config () kg2 numpy FIECE ., AISRARNT A BEMHLF
7T, £ StackOverflow A& —23 B HR B, RA— numpy ¥ 24558 TN E
FIHATIE,

9.4 FIHEH

ETOk, HMNEEEE— D RAEERNINARL, XR— 55 pi ARBH
AL, P TAR RS, KRR TRIEBETE R PR AR, B MR
HEA NI A IR . AT AGTE— AR ATRIBIRRAG I R AL, ESR A
AR A1 m] RE R Bl T ERR MU A . ZOFAT IS LR N\ ERT, X EWRE A
TEPIEERPREA 1T,

Multiprocessing HEHMEH] TAEMBARES, FrAFRNIN %S REZ A
PRI ASRGE A (FIUEH 1) TS, I HIRR I — A R ORI A 2%
oA AT TR X RIRE KN SFF RHCF AR BEA BAE n 2 SRR E Y
255 20 B2 FAT ] B ] 7 BT IR

RPN TE —MERHIE, ROV EHA— RIS R B Al & O5F
559 TUEAY “HARTT SR Python BRINL”) ¥k, EEB 9-4,

Bl 9-4 {1 Python >k Tk EH%L
def check prime (n):
ifn% 2 == 0:
return False
from i = 3
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to i = math.sqgrt(n) + 1
for i in xrange(from i, int(to i), 2):

)

ifn%$i==20:
return False
return True

SR AT AR, A2 TR ZRNFRE? B 9-10 2R
THATRERZR L n AL 10000 HEHCF 1000000 Fp AT IR RS I 224040 ik ) T4

REMEFRIERE, BN DRk AL AERD B e s,
AT 5 — M FERMAERZ AT ZEH—A x Kz, HHBRT —EER
w@m,me@w%%mﬁ%oﬁ%*¢ﬁ%%ﬁ@%%%%nﬁﬁﬁﬁﬁ,
PR R A A T RERY PR 1B X TAL 2 DA n PO AROR IS Y . REUF 512 A w] 15
[, BT AFRATTCIA o — MUE X B R TTE (GRATAT DA, (EU2 AN R
REMRTTE) .

XX GKRER, DR o T 20 I, HEORA T HARAVERARIH AR H Y
B3,

N R B B0 R (E] FF 6

0.00014

0.00012 |:sssmssnenns bovs st

0.00010
—‘_R_\
E 0.00008
= -
2 ;3N 33 2R rAE, ﬁ X
is 0. 00006 |=seony * ;, _{, !,f.: ’.” ; .;‘;,._....' bt ;"i "“;(;;‘?4:{ c’-é;'\f.'
B £ ;g?f% AR R

h o t-—mmxmc -t-'a-.m\'m:w»:.a gwmm MAVAYIE Fiiat b 'om

0.00004 |- S f“ N 1l
y, Aty J‘f.} e

0.00002 | §

0.00000
0 200000 400000 600000 800000 1000000

MK AR
B9-10 [EE nigK, WNHELAIRHE
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HIATGR IR B TAERE, FATH] LASE 2 B4R TARE (R i) TAER . JATH]
LAY 3l oy ey TARH TR — ikt i sg, s JATHR AT ABIER 2 TR, 2
CPU Z Nt eENFiEil £, X2H chunksize ZHORIEHIN ., FRA T
REWHE R DREFITE, 10N TAESE R 5 IR RO oA T B 22 py

T HRARLBE IRV, — DB TAER @ — i check_prime iGN
H%F n, chunksize jg 10 giEWRERT IR E 51 10 3%, FIRHEE
QEIJO

TEF 9-11 HEATAT AR RN 1 (BAMESS R — By TAER ) 2] 64 (ME
5525 64 MUT) ZIEAALR) chunksize WRUR, RAEARE/IMESF 5]
R T ROKH RGN, BRI 7T RAREFEIT, Fran 4 1 CPU ARG
AR, AR 46— M55 MIAL BRES SRR 20— B ) T80 £ A0 AR i, X2
MAEESR R T — S, WRIAHE chunksize FIERM 2, FATHIIES
PAMIAE PR BEAS 2] T ek, RO BA e E LA E AR 3ed, AT RES R
I BRRIE A IEIN chunksize, AT PITEIE], ToIR T, BAniraE
FE 2 P B ILROARRE , AR U 21— B3 08055 1 L

EIERET, ATARBRRTREMXE 100000000 —100099999] H 1y H#I B FF £5

P 3

2.52.46s

2.0

STRATIE) (F)

9.69s 0.68s
0.5
0 10 20 30 40 50 60 70
chunksize&#

9-11 EE—1PSIBH chunksize (B
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FATATAAREENE K chunksize HEITFGANRIAZIR, 1EE 9-12 PRATYET
BRSFRIIXIE], AR ENIAMEMUACE /N, T HISA BB, X B R, IR
ZiRERN 1.31 7, TEREIEAIE1L chunksize ZZp 1 50000 ——XFEREFK
II#49 100000 IFHERI 5 % T WIS TAESR, (R4~ CPU RS RA = IN T T
ko TEEAAA 10000 i chunksize, FATOIE T 10 NIIER, XEHRE 4
A TAEPRGHATHESF TR, N RS T RRR 2 DTSR, Xikpid CPU
FER =R TAER 2SR oR, X STRAY R o

TEX AP O T — AR T7 S RAT T A R RS ARIE CPU B8R R 70
iX/& multiprocessing WERATA, EERF RN “BON™ BB,
VES—ANE A, BOARAT 2R, A SRS L EIEfa, I
HXF AT AU R IR SR B, A R E,

SEEERDE pi MERE, RATREBAR T A F LR E—A 1

55 PO R T (BRI R L), MAR— PR, mER RS (X%
TEBR AT 2 B I E] A ) o

EMRIEET, AR < sk4&MIX 8 [100000000 —100099999]
Fh O E H 0BT E T4
° ZA

2.13s

2.0
@
Iy
-
o 1.5
]
1R 1.32s

1.0

0.78
0.68s g67s 0.675 0.67s,
10 10’ 107 10° 10 10°
chunksize£#

9-12 %R —SIBHY chunksize (B (4K48)
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WRFATHEYCRATH TAEFPS, S EAA2WE? XFFXA A, FATEES T
2% EREN R, ALANPRTER] 9-13 H BT IWAYAREE . @i BENLIL, AT 18
AR I J A 55 L AL 55 AR 3% S A [Rlis AT, AT HiE—A> CPU AL TR 3RS /Y
A REME,

HEANFATSE R BB F—1> 10000 ) chunksize Frizniilke, #HCTAER
AN A IR & FEURRL, AEARRPIE LT, JATBIE T =R TAE: JHAKM R
T 100%M 5T, T B 5 — e AU T 50%.

K 9-14 JBon T 4ATEEAL TAESBCE A HREECR T, AR E kA, il
FETEIEFAANE . BOE D TAES AR, B4 T g r Rz TrE, #
ANTAEHAERIAS CPU WAEEIFIH, RO, RALRATE 4 DTSR, A1
AR BT Ira IR, (R ARIRATIEI T 56 5 D TAER, IATRAITS RT3
FRAAR—4 1 CPU X TAETENRE L, BE—1 CPU FHafTit B 5 1,

EMAIEET, ATHAIRRTsRAMXE [100000000 - 1000999991 FhAYEHAVET B FF44

2.5 i ST _,,_g‘,;gﬁ

o A

SERETIE (#5)

1.30s

9.66s

10° 10' 102 10° 10° 10°
chunksize&#

9-13 BENUILIESAS

BIATIER T TSGR, A TE SRR T —29 1 32 DAz
Frifla 225 R gy2 0.01 #0, i MR A RVRAIL S5 AT i 2 nl 22 1Y, AR
SV 22 18/ IME 55 R A B
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A LESRE R A AU ] multiprocessing MRHLBRTFHYHAT FIAL
o EAREYTARYR D BUMSLHY TARRR T,

o URARAY TARFE FrERy it a2 rI AR, IREE BEEVLIL AR5 (55— M5
U AL B/ NI AR SO )

o XMRBITAEBNIVHATHET , XA 1 SCAb B 18 AR 55 T RE R — TR UiA A
HO

o fHMBLAR) chunksize, FRARVREZEIE AT ERIEH.

o ML HE SV CPU BEMRFF—H (BUAR chunksize FHUCHIFEIEE]
T, REEHASMHABARE, IR REASRAES I TEREN T ) o

EMAIEE T, AZTLEERR < 3k4&:MX 8] [100000000 —100099999] i 2= # BURT &) FF 44

3.¢

—— W

2.58s
2.5

2.0

SERETTE] ()

0.71s
s 0.7250.70s 0.72s,
s 0 os 07050 655 1 6950.68s 0.0 6650.69s

Chunksize#i &

9-14 EEAGENRYENBMIE

HEBIANELLT, multiprocessing SAUHARMAEMIING CPU, XEWRELE
lan FYEICA N E, B0 8 M itRE, HA 4 M HEIEMI 100%H53EE ., £
HAY 4 NERERTRE (G T2 5tH RAM,  EULF- 35 SR AT A A B AR T

FEF—Nt, FATRT DAE— R TUE X TAEFIAEnl Y CPU _LfRoy. SR AR IR
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AR TAEAZ, JCHSR USRI A B TR AR 5 TAE G, XM Bl
T KT IR TAE G, FATH] REARZME ] —4> Queue, FEF—T &/ 4,

'

S RARE TAE T —ANRIEAT A F FA, BAMEHFRLTFZ T (X
BK) RiZAT, ARLART A EASA T Cael Varogaux 49 joblib,
BIANTE L H2FH/YANKE, B nultiprocessing 2 FiX &,
FHRBET —ALELGHATIHD . ERE HAHKA 6.

TAERAS

multiprocessing.Queue XTRGHMTAFFALERIAS, REBAEDERE 8] 12 8T A7
" FP3E (pickleable) [ Python X5, & ANRGLBEYPITIIL (pickle) Hfe
5, MEEHGERERR (FREEE—LMBHRIE) m, BTk T— P IHH,
FETHEE BT, HATSFHXAGRA T ZIEAY . T, R IRe TS
IEAEAL SR B ST, IR 208 A5 TH 4 T BE R Al #2321

I BASISR TARAH 2 fa1 R, FEX D5, FRAT A REL, @i 2 — o sk 4k
FIH BN R L K Bl —> definite primes_queue, AT —4>, W
AL AHAEERERIET, I HAUESE R E & s AT — A Bk A 2 AR SR AT AR
[7] F47 DX TR AL 9% BE A A IR R]

Queue A FEAER Python XK HATIF S HARRLEFRIGE ST . ARARIE
TEMFZIRSTES R AL, Xnfeef K, R, HA4 Queue BRZEFA
P, ARATREANAEU B AT TR MUZE ThT i S S5 75 BB PR A (BN, AnRARITH T
E LRI T .

Bl 9-5 /R T check_prime p#f, AT EAME TEARWRLI T L. Kiliz
T TERIERR A, BHET (FRFERA LSS N IE) possible primes
queue.get () FRMBIIHIHELE TS, A —DIEREREETE R — I %1455 —
LS5, BN Queue X% EH| T AT, MRS FEALS, A .get O
BHZEE NS AT . BREBEEIN, Ef18okE definite primes_queue
R R SRR T 2%

Bl 9-5 EABABASIK IPC (HEAEELETF)

FLAG ALL DONE = b"WORK FINISHED"
FLAG WORKER FINISHED PROCESSING = b"WORKER FINISHED PROCESSING"

def check prime (possible primes queue, definite primes queue):
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while True:
n = possible primes queue.get ()
if n == FLAG_ALL DONE:
# flag that our results have all been pushed to the results queue
definite_primes_queue.put(FLAG_WORKER_FINISHED_PROCESSING)
break
else:
ifn % 2 ==0:
continue
for i in xrange(3, int (math.sgrt(n)) + 1, 2):
ifn % 1i==0:
break
else:
definite primes queue.put (n)

FAE XL TPAIRC: — DR IR RIIA TR TAE T, s A h TR
RENECAFR TN, HHEHCXM, H— P FA 0l E, FHERIEASS
AEHEREER

SACE TARASIFIIEAE TARE IS, SR BOREERIARICA B ToRicRE A Bkt , 7
B EFE AR E 5 O i TR, AR EATIELE R M T, FeA17E
X AL BEARAS IR, (H 23— LE I (B SRR RS @ — AR X R B A N, X L
PRERE AR TE TR IRl REAS BT A H B BEE 3T H K

Queue XfRAIHET B 9-6 HH) Manager, FRA1S M H AR M SR E—
Process X RINE, H—MET —MNRE (fork) #HF2E, HIABAIIB UIESEGE
, multiprocessing WHEANIMFENL, CEEHFHHEGE, FIOTHIE—AE
FHNFMALY% possible_primes_queue, I HHHARALH MR, (£52
PASEHESE S BT i 2%, M2 TE RS T . 7E check_prime o, AIEH—4
blocking.get (), FNHHREAEAEF TIEEISI PRI, WAL T
FrRid, FATEEATRES G —Le T 0E, ACHEEER, e 20 Tk,
H HABETE 2 Ja e a5 25k R0 TAEHR A= iy 4 45,

Bl 9-6 Sy IPC (HEAEMEESR) HHEPIBASY

if name == " main_ ":
primes = []

manager = multiprocessing.Manager ()
possible primes queue = manager.Queue ()
definite primes gqueue = manager.Queue ()

NBR_PROCESSES = 2
pool = Pool (processes=NBR PROCESSES)
processes = []
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for  in range (NBR PROCESSES) :

p = multiprocessing.Process (target=check prime,
args=(possible primes_ queue,
definite_primes_queue))

processes.append (p)

p.start ()

tl = time.time ()
number range = xrange (100000000, 101000000)

# add jobs to the inbound work queue
for possible prime in number range:
possible primes queue.put (possible prime)

# add poison pills to stop the remote workers
for n in xrange (NBR PROCESSES) :
possible primes queue.put (FLAG ALL DONE)

R TIEREER, BAVLER 9-7 hiEsh T H— " JCkRIEH,, & definite primes
queue FffFH— blocking.get (), 414 finished-processing Fpid 3|
T, ABAFATHA R B C LSRR 8, REAHE], ABARATHAE —
MHRLCHCERMBI R R T L, BRAVTANHERECEEY H CLLEER N
IF, FRATEE R T IRIEIA .,

B19-7 RIPC (HARMELE) 6 H A
processors_indicating they have finished = 0
while True:
new result =definite primes queue.get() # block while waiting for results
if new result == FLAG WORKER FINISHED PROCESSING:
processors_indicating they have finished += 1
if processors_indicating they have finished == NBR PROCESSES:
break
else:
primes.append (new result)
assert processors indicating they have finished == NBR PROCESSES

print "Took:", time.time() - tl
print len(primes), primes[:10], primes[-10:]

HHEFFFIML (pickle) MM, fHH Queue BAGMUMHE, BAKFER 9-15
FTRER BIAIREE, (] — /DR Queue A BATERE MR TT S HA 2 8 HU M A 1
A IR ER . DXRR R DR B PR AT TAR s R e —— X T IXAME S5,
AETEEE S TR (R RSy, 1 Queues, WANHERR ZE XA L —
AERER PR — A, T YA A TR e — A IR B

UNRARBE S A AR SE MR TR] (Z20R 4 2 R AR 5, A4 Queue
H 77 AR IER I 5. AR A ARIEE TR A X Ay 22 A3
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PRAT REREE AR IRATRE B T 2 R —2F ARSI (Fr A B B R——X L4
check_prime sFYIARPIHIIGIRT) SEAM 24, LR ABIIBEES—FEL T
HALEFATAGSATIS B 1, (B TR A B IR RS BB 7| XA BT
R B T 8H H ER AR,

RIS NNTITFE
100
BEATIEI AT -
80 age ——
.;";‘ 60
=)
< - fEFAT
8 o—e ZATAFI
a
40
o BAFI
20 : i
Q
1 2 3 4 5 6 7 8
HIENE

9-15 {ER Queue XYREIFFHH

S4 144 Queue FIMTIE

A FEHRERE I — Thread, FKNTREE FE ML possible primes queue
AL TAE, TEf 9-8 , Ffi1E L T—> feed new_Jjobs WR¥: BEWANINITE
_ main  Z R TAFREGRRARKE, PATHREIR TR, (2 e — M50
AR Y

B19-8 S TARIRBL R %L

def feed new jobs (number range, possible primes queue, nbr poison pills):
for possible prime in number range:
possible primes queue.put (possible prime)
# add poison pills to stop the remote workers
for n in xrange (nbr poison pills):
possible primes queue.put (FLAG ALL DONE)
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BITE, 7661 9-9 W, Ff18__main_ f5{fiffl possible primes_queue Kt
Thread, EHTEMEMTIER KRN, HSBHFISRIIENE. B8 T RS
REOE SN IS B TAE (B, RS 10 BEMAER ), i
_ main_ SRESRIRIEG MBS R, KB AR SR
SRRIROIEE, AR I AL,

B19-9  FEH—PMERERBE RS TAHEME

if name == " main ":
primes = []
manager = multiprocessing.Manager ()

possible primes queue = manager.Queue ()

import threading
thrd = threading.Thread(target=feed new jobs,
args= (number_range,
possible primes queue,
NBR_PROCESSES) )
thrd.start ()

# deal with the results

IRARAB BT Y 5720 R BT, AR — i BB H AWM . gevent | tornado
M Twisted ZIRIJMIMGEIEE , Python3.4 ) tulip B—MHHTESHE . AT
BEMG LRSS, B2k A A RGEMIER , EATR R RS
ARG EA H

FARRER, B RGHE DRSO

'S

B —AMRT A 2R B 6 FEHUAF) - PyRes. EAAEHALM T Redis
(£ 9.55 FARiL) KA 894K A. Redis Z—A3F Python 494k
ANk F Y, X FRA @ Redis ATHA 4985 4% 4 Python Z 5h 2 =T
1249, FEAL4% 4K 3E Python #) A 4oL %,

BARTEIN, R STEHHER

Sk B AR, FRAMTTEEENL

R “PRFpfRIE, BERT AN,

WRA R R R R A B RS GRRIANIMGIT), ROV ENEZ
oMK, FF BARPRAIGAEALED

FEFI SR, BB gevent (FERT—ZE TR RT) ML PR HAG R
8 75 YRR AL PR 6 ) U4
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i E, FATER B — ARSI R SE (B0, Gearman, OMQ, Celery,
PyRes 5% HotQueue) K45 TIRABAIPRSHI SN AT ILME . XTHFEHELHYE %,
(EZ I A 8 AY RN R R R R R GE A, ATRE S T4 1R R
A,

9.5 {ERBHEERERMIEREL

EHCERR T H O 1 PASNEA He R 18y X IR R R 2 R R 2 9B
(B MEHEARERE) . R5, NFEE (3, 5. 7) 8O THERBIARREL
WA T (B, XPF 9. 15, 21),

AR A RAT— MR T, ERIMNBIFER T 2R, RIS E D KEREY
HFEEEE E9-16 Ea T —HEE 10000000 BHIEE S — N T H I,
NHFEKRHAFHEIRB LR REL, (HREA s,

—HEZ/1000000009F 2 KA FH =

3000
2500 F——

2000

FERBHETF

1000

500

2

9-16 FRUNBEFME

EFRATE S i 1 B —— B A T — A N 4R, AT 55 2 A 2t A
CPU RPN G M FREEREM, —MZITHE M., WHEHRINSR
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A—DREFERM, fEH— CPU KU A AR X, HABEAEAFZ CPU
Z IR T AR,

EARTHRNSEER —SE RS, — MR 15 3 (digits), 4 NMUFA
18 1%L (digits) :

o /PAYAEFEEL: 112272535095295,

o KIUFEZHC 1: 00109100129100369,
o REYIEZHC2: 100109100129101027,
e Z¥(1: 100109100129100151,

o ZE¥2: 100109100129162907,

A SRR R O — R A AR R, AR RIS, FRNTpr ks AE
AMBAEA N B BT TR, T AR AR RO A SRS, Ff S Bt
ANHE i 45 BB OR/NER AL, BT PAFRATTAELZEX i A ) (8 P47 0 R 15 vl B2 i PR
OEAE S

PRI AT SR T I B —— [ 25 5 A G e L S Y T B AT RE R A KA . FRATTHE
XL g — il JURF RERE A R (49 75 ZORMUE 55 A AP Tk . R ATHEX ik
AV RE LR I B F O (MPL), RATITHEE N ERBHA Redis
(AR ¥ 3kd )

WARARABEME ] MPI, AVRAIR EZAGE EAEM 2 . MPIAPY W H &2 —14>
EAR T, MRS IERZAEIDFE, TRREEH —GWZ aPla, WRIR
REEERIIER, Eile — AR,

TE N AE T, BAERIAT 20 3, SR T /)M TE] R s 3 A 75 AR
PRIV . FEIXLEBI 7, FATEME A A FAR AR E—Mril (EH
e NFAY) o AT — N EAXT R, A4 Lock, (HREFRNAA
PAFEZ— AR PR A . NI et ok 1) R R AT 3 = — A AR 28 AL, M
A A fEIL S 2 B A RIETHPIRE (RIERAT X BT ATHE A RIE
TR )

AT 5 R S AR ) T AL AR e — IR S R H e S — ik k&
KEPIRES AR, 20 BB IR R TR AR R . ATREA —FRIE 0L, JF
H A peAE F A AR I AL T AR B R A
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BN ZGHEER, EERN LB,

Bl 9-17 J7R T 58— b J7 v o 2 il o P a0 1) 08 15 o B PRMAS I 3K Bk, Bl 2
BOA B AT AR SRR [R) A5 1) SR AT IR, B — R E MR R N EZ 20 H
BHER,

Less Naive Pool JiRAsBA — M Hilll (GF HR4F) HEE., ©2 2% 1T, M
X AR U o A BRI AR I AR PR g R T 58 R AR L S i 2 DL T S —— A i —
AN SR I AR T SRR AR B T R A

Less Naive Pool a7y 5 i 75 2l R JA TR I P 9%, FEnl IRY CPU
Z[E]35 2] 030 o T RER DR 1~ DXCTA], e fE AR 25—~ CPU b ARALA] CPU
KT —PET, EFRRLAR, HREASRXNHE T, Hit CPU S4k415¢
BCEATHRER > X TR TAE X EMRE X T~ 18 A By kil (FRATT 4 DFEREY
Brmpl ), T TRRIGLRAERE, MR EEZME .

Redis 7l Manager Ff# 75 SE1EIE G I 8 2 9 I T RHOROSR BB &g, AT
WEIH ENEA—NIERCRRACEE A AT, MiZBFEER,

Redis 11 /R X 55 Atz Python HERRSE SRR, T LI 5 H A TR A ApL A R 32,
HEE A web WA NORBERGS (THEXPZAYEA ). Manager 2
multiprocessing H—#ish, EARHET G Python MEMF L %A (f
FEFANS . list fldict),

XFERAERBBHIL, REARAEILREHITH, (AR7ERFENCZE KM
—AE T A R R AT, AR LA,

SR, MTRBEIEOL, AINERIRRER, HANASEIRE T, FriMaEii=
PRCEITF A 7 £ S AL,

EERANHZIA T ENME, {H/2 RawValue 1 MMap (FFBRE) AOZ55 L2 T Redis
1 Manager HIZ5REPIGE . HIEHYEIRR TR TR RAMRTT S, I HIMT
T A A HISIE R T — M EIE R A MMap i Jr SE—X T ER
B, XL Less Naive Pool it M, X TREJLF—HER,

FERETORM/INTT R, FRATRS—EE Python W IPC (HREMEIETE) MIESF
FEAYTT SRR AT A E R A, BN IR BIRSES IPC (HERERGETR) 2
BREER, (2R tERE —ERITH.
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EIEHMIPC GHREEER) AR

o—e 1T (FEIPC)

v -v Less Naive Pool
10 m..m Redis¥rid

a-a Managerfrig

o—e RawValuefrid
4l mem MMap#rid
AcoA MMap Reduxﬁ'\iﬂ

FHEIARDSRIT G/ igAF)

0
1)\
3]
|
E
#

X X
3] 3]
E|S E|S
= =
b i

£ FLAMEBIN ) )
2 L NN . i
®
a
=
=
201 F L S R R H
2
N X PN = ES
Q) 59 ) % #
E[ E[ E[ In ™
£ % N
®9-17 TIERISIKER IPC GHIZRIEE) WIFFRH
| FEHRMIPC GERREIARE) AR
v -vLess NaivePool =~ e 2

B
T

B 9-18 BREISIKMER IPC (#HiZEBIS) WIFFH
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9.5.1 HBITHRAR

AR AS Z v B ik B AR (R B R AT DR AR A A ARAS AR T, FHR IR T 9-10
H o AN BB B AR, X TARATAE R FRYAER SR, AT PAEA RO
ITRRE TR, —PNBTEHARCRSAEN—MAE XL, Wi TeEx
TAE,

B 9-10  HBATERIIE
def check prime(n):
ifn%$ 2 ==0:
return False
from i = 3
to i = math.sqrt(n) + 1
for i in xrange(from i, int(to i), 2):
ifn%$i==20:
return False
return True

9.5.2 Naive Pool @R AR

Naive Pool f#h7r S&f#ifl—4> multiprocessing.Pool R TAE, LT HNIFE
9.4 TR WENHY “FHREE FILE 9.3 WA 4 NIRA: (fork) HERERY “ff ] 2 2t
REMZ SRRAGE P17, BATA — MR RAEINE R A ARE, I HRIE AT RERY
B X 8] 23 AT TR T, FHEENT A% E] Pool H,

TG 9-11 1, WAVER T —A#ik, create_range.create (FfTAXER
HO——B TR AR ) A8 TAEZS 8] 2 F1 oA R R/ IX i, 7E range_to_check
TS TR EAEREPEEN X E TR, MTE A 18 MM IERE
(00109100129100369) , ffi il 4 A~ A2, FAT2H W NHE FIX[E ranges_to_check
== [ (3, 79100057), (79100057, 158200111), (158200111, 237300165),
(237300165, 316400222)] (316400222 /& 100109100129100369 f-F- 7 Ml
—). fE__main__ H1, WATELAIE T —A Pool, 2% check_prime j@id—4
map KPR RECK 2 HI158] ranges_to_check, WIRLERZ False,
MWrEMELEKR T —MHT, SAaE 1R

%] 9-11 Naive Pool fiftuh 5%

def check prime(n, pool, nbr processes):
from i = 3
to i = int(math.sqgrt(n)) + 1
ranges_to check = create range.create(from i, to i, nbr processes)
ranges_to check = zip(len(ranges to check) * [n], ranges to check)
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assert len(ranges to check) == nbr processes
results = pool.map(check prime in range, ranges to check)
if False in results:
return False
return True

if name == " main ":
NBR PROCESSES = 4
pool = Pool (processes=NBR PROCESSES)

FAFEB] 9-12 B T ZRIKY check _prime, RH—F L TFFAYIXEIRAM
R, FEAL s — A se BEAY R RERY N TR AR MBS e, SR AME, FreAFed]
A A A 3t E SCIX TR N7 SR 54 T INFRIFT AT

5] 9-12  check prime_in_range
def check prime in range((n, (from i, to i))):
ifn % 2 == 0:
return False
assert from i % 2 !=0
for i in xrange(from i, int(to i), 2):
ifn % i==0:
return False
return True

YT NAEREC WIENL, dEat Pool ByInikRtEIZ 0.1 #>, BHEELFRAY ST
R 22 0.00002 PRI R B4, RAEA X — RS R, BARGIRAGE T
—ANATH P BRI FATA B Z R X — A SR A 45 R N2 ) ——1H
RWRBATT B2 2 1/ IERECk I, A B2 FATA BTk GE
R FRGE , TR FEF BT RA Less Naive Pool HYAER T4,

9.5.3 Less Naive Pool f@i R 72

ZHTH AP T SRS UE B/ NG AR SR AT T HE BRI, W AR /M AER B (VT
18 MUK, AR ERATITIAENG, X N AR FIR TAE, PARCARLIE R
SARB| A ARF/NMNI R T (ERTRERY A 1) Brie SR8 AR T — A DE T,
R 2 IR A A4 3 A B R B B TR SE 1

TN AMAEVERE (8] A A5 Sl 0 4k 2 T — PR 0T R, (AR ek A5G
WM, MSHEIFZREFITH. 7B 9-13 T R IR T 52—l B 5K
IR E——R AT RERY/ R AR PRABAT — S B AT, AR BCA BN A T,
HAJEBN—DFATIER  FE SR — AR SR AT Z BTES & — 8T
Pk & — b AR R AT B AR T R IEEA
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1 9-13 X T/PaYIEREAIIE O, B T Naive Pool By %

def check prime(n, pool, nbr processes):
# cheaply check high-probability set of possible factors
from i = 3
to 1 = 21
if not check prime in range((n, (from i, to i))):
return False

# continue to check for larger factors in parallel
from i = to 1
to i = int(math.sqgrt(n)) + 1
ranges_to check = create range.create(from i, to i, nbr processes)
ranges_to check = zip(len(ranges to check) * [n], ranges to check)
assert len(ranges to check) == nbr processes
results = pool.map(check prime in range, ranges_ to_ check)
if False in results:
return False
return True

X AR BN, XM ST SEAH S T B ORI A AT IR R B
P, DR IRATHYBEEME,

HEAYE, XAl Pool Jr a4y T HA TS Z BRI 37 = —Fh i LTS O, A 2R3k
AR, BABAINER IR, FATASATER DGR H Bl A\ TR Fra T ey
AT

B R J7 ZORAG I SE XL P« AT IR R T E R A 21 4E S, B
R A B T DL S BURZ IR 2 BT . BB G TR B SRS
mmap fFEHRT7 GRS ] BN RERE3AL T S AT R

9.5.4 {#H Manager.Value {E—" 1 xid
multiprocessing.Manager () ihFATIEDFE Z R ZH & JAY Python XHAE
ABETR IR, BRI R B R T RIS R, BRERL S 3
IR, (R SPREEE R RGN, REET DAL E ARG TS (Flan, BERF
A, WA= SR F I,

TEf19-14 HIATEIE T—>Manager, HEQIE T—> 1 577 (character) [y manager .
Value (b”c”, FLAG_CLEAR)fRic, WURMREZEILEEZMFRRETE, RilaEsl
AR ctypes JfiiE (Ml array.array JFiE—FF),

£ FLAG_CLEAR fll FLAG_SET #{/3fe4y | 77 (5 HZ Db’ 0" M b’ 17), KAl
BRI b IR B (R FRE, EnTaEBiAs—4
Unicode B FAFHIA 4, X BT IRHYFREEA Python fiiA)

multiprocessing &1k 227



PAERNTREBAE TN A R Z R E R — N T B2k 3] T, Fro MR aE
PRI RN . R Z AR B-P S R C A TF AR X AT RE & R T SR A
o PUAPRCBEFEA 1, FATHA T AT EHAGI T —— XN T 2 HIHEH

5] 9-14  8—~ Manager.Value X} Z1/E-H—AFrid
SERIAL CHECK CUTOFF = 21

CHECK_EVERY = 1000

FLAG CLEAR = b'0"

FLAG SET = b'1"

print "CHECK EVERY", CHECK EVERY

if name == " main_ ":
NBR_PROCESSES = 4
manager = multiprocessing.Manager ()
value = manager.Value(b'c', FLAG_ CLEAR) # l-byte character

check prime in range MY EELZIRL, HHABSKERE IR
2 DAY AR AT R . BIEEFRATC 2IF06 7T R R, FlTthuaans
9-15 R ARFETETT LA OB AT A I BTG R AR IC . TEE AW Z 5, Ak
FATA LB EHE T, WAFNTAHEIRICE EB 2 A,
5] 9-15 s FH—> Manager.Value K75 HFRIC
def check prime(n, pool, nbr processes, value):
# cheaply check high-probability set of possible factors
from i = 3
to_i_: SERIAL CHECK CUTOFF
value.value = FLAG CLEAR

if not check prime in range((n, (from i, to i), value)):
return False

from i = to i

FATZ A EFE AR A L ZARIC e ? B A, BB A%
B NIRRT THEZ484%, XEMGEREAAR L ZE FaE—E,
I T2 0. RATPTIEERM R Zl2E 1000 RAIGHRE— KR
L. BRFNEAEERE value.value BHOAMWIREM T FLAG_SET, WIRE
ZWET, RIBHER, WRHABEERRPRE T —IET, BaEkE
value.value = FLAG SET HiEH (iFHH 9-16),

51 9-16 £ Manager.Value X ZAEAH—AMRic kAL
def check prime in range((n, (from i, to i), value)):
ifn% 2 == 0:
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return False
assert from i % 2 != 0
check_every = CHECK_EVERY
for i in xrange(from i, int(to i), 2):
check_every -= 1
if not check every:
if value.value == FLAG SET:
return False
check every = CHECK_ EVERY

ifn%$1i==20:
value.value = FLAG_SET
return False
return True

FEXAHAE A 1000 YOE A —> check_every AMIiI Mgk ifr. &
UERH T XA IR R AT AT, (B HAREI TIRICAE L . fEATTE WA, &I
AR PR R (B B s S R 7 ZORBUUE

PR RE S B AT A A I AR A SR B AR 47 . TE SR ERWIE T, A6
4 DHREXARCRE T 316405 ) (FRATHE TN HE A BB iR TR Z
W) BSREREER MBS, X MU ER AT,

9.5.5 {#H Redis {EA—1 4RI

Redis &2 MENFH R BAEXFHES 1%, ERET O, 8 MaERET
PER), BT AFRATAS AH.OFE Python PERE A8 (B3 MATM M 0ES) .
I Redis, FATEEBIRFMESFIES LX—Ff5 Redis HEORIES
ol T HARRE DA—Fh ] 3280 0 2R L 8dE . /AT ASE 5 HUFE Python, Ruby, C++
Al PHP 2 [BFZ L= 808G, AR AT AEARHIAL S sl W 2% L= 8dls, A 7 dt=
AHABALES , RETTR B AR 2 A Redis BRARTE localhost LY
fic &,

Redis 1R
o FITEIIFE,
o TFIERES,

o HIFMTFRRES.
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Redis 7E RAM 77—, {ERIBFHEEIRAE (AN B &), 33058 —
ANSEGIRRER E I, ) Redis B9—Fhal GEMERUR M ERAEERE I = T AR
BOMHARHLER B BEEPIRES, T Redis $3{8E — MR A OL R C R A 6.

AT — MRICVE R — D AR TR KRS (FE Redis HHIFTAEHES R F4F
), B2 ERINC ST Python FRICH X —FE, RIMBIET —4
StrictRedis #BERN—ANERXTS, FIEHMANERR Redis RE#AHEE . KA
A[PATE check prime_in_range PEMAIE—MHER:, HREXSER, I HEE
THFEN] FH AR A FREY Redis AJAR,

A 2 F M AU k5 Redis IR 45 25815 . A 1AEM ] rds [SOME_KEY]
= SOME_VALUE i & —/MH, HHAEMH rds [SOME_KEY ] REE[EFAFE

B 9-17 5Z HiH) Manager ] FARIEM——ANIFEH Redis RAEAAM Manager
AR, 48RRI FEPBIFBUTH . RN ZEE 2] Redis STRFHAL (ERE %)
AR S . B R — IR R B S 12, AT XA 7 HO BRIt — i,
FMBah iR A A RS ERIFF R

B 9-17  SHFATHIFRCH H—DIMREY Redis fiz55 4%
FLAG NAME = b'redis primes flag'

FLAG _CLEAR = b'0Q"

FLAG_SET = b'1l'

rds = redis.StrictRedis ()

def check prime in range((n, (from i, to 1i))):
if n% 2 == 0:
return False
assert from i % 2 !=0
check every = CHECK EVERY
for 1 in xrange(from i, int(to_ i), 2):
check every -=1
if not check every:
flag = rds[FLAG NAME]
if flag == FLAG_SET:
return False
check every = CHECK EVERY

if n % i==0:
rds [FLAG NAME] = FLAG_ SET
return False
return True

def check prime(n, pool, nbr processes):
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# cheaply check high-probability set of possible factors

from i = 3
to i = SERIAL CHECK CUTOFF
rdS[FLAG_NAME] = FLAG_CLEAR

if not check prime in range((n, (from i, to 1i))):
return False

if False in results:
return False
return True

N T HAEAEAF AR TiX L Python SEBISNAR, FATRIATEARATH M redis-
cli, WUATER] 9-18 HEHREE, Bl MG S| 7 f#7E#E redis_primes_flag i
B, REEEFREGUE— TR ORE— ML) . M Redis R [FH A (EHAR 2
TR, FrLAIRARIEE N Python SREEEA], ARLATE Sl EN BN — 1 AiE
2R,

] 9-18  redis-cli 51

$ redis-cli

redis 127.0.0.1:6379> GET "redis primes flag"
n O n

— IR RV Redis SRIEZEIRRIETEHUZ EFHET Python HYiH F 2 4k
RAY ETBA YR Python JF & # REBEARE , A VFL N Redis B9 TR, 7ERIEE (H
BB TAEI) VRAO RIS FIER ER 2R T A ARG, BT EZIRES. ME
BAGH B 1 BE SR U, RS AFTE R Redis ROGETETTEY , X AT REXS Use— A ER A REF
SR Redis XTAREGIE A BSMOHHE , (EURY 2SR B R — NIRRT
TH, HHS TR, LEIE— R TR VR sas e 2

Redis R LI ET, EEANEH — TCP# 0 (ERFEMIFERHY), REE
HESCRY IR B B35 (socket) MIRESMRMRZ . BHFRA TRE TCP/IP iL/RIER
[F2EAE) OS L5 M 245 3t 8, HAh e Bk i n] gE & H ((H 2 W2 R TRAY
HETFE)

LIRSS A P on R R P EAT TAAR W& T Lot BT & A TCP/IP

B %, 4,7 vA4# ] UNIX domain socket, X Bk T -F & |, /2% UNIX domain

sockets 785t TCP/IP ®1 %, #4515 3| K 2948 1E 50%4%9 &et 2 (/£ Linux %

8 L), redis A/EWKINATA LML A TCP/IP B, 5B Z R AL A

Bt (4, KA ), UNIX domain socket 48t TCP/IP &34 P 460K 35 &

e TR,

Redis X 4%
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9.5.6 {EH RawValue € 45—1%ric
multiprocessing.RawValue 22— %% ctypes Fi MRS, B
B E R, B AL A2 BR3Py 7 w0k AR A i BRI, BJL
PR TR mmap Bl —HER (H2EAZET 2 RN —%i54, ArAisiTH
Tg—ri)

\\\\\

TN PR e FLA] ctypes Jfif, WA —4> RawArray ORI FEAIT S
Bl (ABEMT array.array), RawValue @EJF JARIIB—EfHAERK
B, HRIRASEE R T 8AE,

— R, WERAREET T Python TEUERE RS (IPC) WM FHRBLRIFEE, IR
ST (R BB A ) . TR nf], fEXA R, ANE—
SRR R EVC—ME R S J7 W BV, Al — B [ e
B B R 2R T REBOIGH .

AN HEHAT IR MA B BEIMORE, ATHALFES , EEXETEAS
BT UREY R, WSRAREETT T [R5, 6B PR AR DAL A A4 2 SRR

I RAR AR BRSO — N I AT G IR R M, T F — T Value BISCRS, LA
value.get lock () MM —A L TICEHS, B —A Value FRAMBIA R
VR THRAE,

BT L 5 2 Bk Manager B TRZL DA #922 BRUZAEN 9-19 Hifk]
AT Rawvalue fEH—A4~ 1 F5 (byte) HIFRIC,

% 9-19  BEH £ #—1> RawValue

if  name == " main_ ":
NBR_PROCESSES =4
value =multiprocessing.RawValue(b'c', FLAG CLEAR) # l1-byte character
pool = Pool (processes=NBR PROCESSES)

{6 ) 2 PR LN SR (B 1 2 0 M T J24F multiprocessing iy St e ¥ i ik
BT T 53 i 2

9.5.7 {EH mmap {EA—1EriE

5, BAVEE T R k. 0] 9-20 R TR mmap B M TE

wegt (JEEATF) BTy, IEENFFRP R T RA IR, ENULFRE T
2T BRSNS — S ——AEX AR OL R, BN A RESCHE D
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A= DN, AT AESE LB — ML E B S TS, AT,

mmap YR H— NSO — N/ NIHRE (AP ), (ERAERATHIM B
i, AR SENS 28, MR feid-1 RN TEZ N EA R
WFE, FATREEB IR AR B E RS A EFIR (FRATEZEFAUR,
RAEERABIALRR) o

%1 9-20 B mmap K H— M LERERC

sh mem = mmap.mmap (-1, 1) # memory map 1 byte as a flag

def check prime in range((n, (from i, to i))):

ifn % 2 ==
return False

assert from i % 2 !=0

check_every = CHECK_EVERY

for i in xrange(from i, int(to i), 2):
check every -= 1

if not check every:
sh mem.seek (0)
flag = sh mem.read byte()
if flag == FLAG SET:
return False
check every = CHECK EVERY

ifn% i==
sh _mem.seek (0)
sh_mem.write_ byte (FLAG_SET)
return False
return True

def check prime(n, pool, nbr processes):
# cheaply check high-probability set of possible factors
from i = 3
to i = SERIAL CHECK CUTOFF
sh mem.seek (0)
sh mem.write byte (FLAG CLEAR)
if not check prime in range((n, (from i, to 1i))):
return False

if False in results:
return False
return True

mmap ZFFREZ I, BB RAE T PRI S IR (f24% find, readline
Fiwrite), FATIETE ATEAR T ORI E—RNETTH i — S Z Al
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#REALE NAFHRA R FAL , BEAATRAT R L= — A7, FA T R Hiff ] read_byte
M write byte,

DA BRI AR AR Python JHEH, FATEHEMBAERGORMETHY, Friliki
AR 7 3

9.5.8 {$/H mmap £ —MRICHIEL AR R

JUEHTTH mmap FUZERENE FEAREMT T, FATILEE A B AR E X T IR
B BRSO, %A R AEIE B Naive Pool %58, BARILE 2132 LM
WEFF 3R AR R BLSE, I B/ MUAR NGB B KA T4 .

AR T MRS — R R . R XA mmap BYZERIL R R R, H
J BERS R HA AT E L2 59 2 T AR iC A 7 iR M A R BB 2

FEZ ARG, JATCLMH T CHECK_EVERY, SXFEMRE AT LAA check
next AR ERIRES, WD, HEMHRWA—E MR AE - REAIEER
T RBANA I A FESIE— N REBE O T, X RSN BT A A T
300000 X,

1EBI 9-21 s i 5 — MU IR B AT A — NI HTE  (look-ahead) HY
(EPEB TR, R BAT AR IR A /RS B FURERIAT o XA
SRR T, VAT Python HUAFREXUME, HIBIAH Y1, XAUA CPython2.7
FERXAIHR AR ATAR, (B2 EA T REFE S B BERO 4 i%4% (B4, PyPy B Cython)
IR UL . SR FATH A — SRR, XA T 0.7 R TE]

B 9-21  FFEPLAAEIRATA = B i) 12 5
def check prime in range((n, (from i, to 1i))):
if n% 2 == 0:
return False
assert from i $ 2 != 0
check next = from i + CHECK EVERY
for 1 in xrange(from i, int(to i), 2):
if check next == i:
sh mem.seek (0)
flag = sh mem.read byte()
if flag == FLAG SET:
return False
check next += CHECK EVERY

if n $ 1 == 0:
sh mem.seek (0)
sh mem.write byte (FLAG SET)

234 FoE



return False
return True

TN RS IE 1L FE AR RIT B B Brd A 7 OR BB T s Fr AR 2 4R,
HUATED] 9-22 s WoRBUAREE. oG, SMERNY KIEIXE], (2B T A
FIAE CHECK_EVERY |, HK, —/NEriINEIRILT check every @i ——E
AR X8, EEMEEHR T, XN T if not check every:test,
FATHZ AT sh_mem B HEIR ER ERAR & FLIBARIC

B 9-22 A IRA T = B i) 2 5
def check prime in range((n, (from i, to i))):
ifn%$ 2 ==0:
return False
assert from i % 2 !=0
for outer counter in xrange(from i, int(to i), CHECK EVERY) :
upper bound = min(int(to i), outer counter + CHECK EVERY)
for i in xrange(outer counter, upper bound, 2):
ifn%$i==20:
sh _mem.seek (0)
sh mem.write byte (FLAG SET)
return False
sh mem.seek(0)
flag = sh mem.read byte()
if flag == FLAG SET:
return False
return True

DAL R PR ERR . MTIEREELE2RSEES, HEEEENE,
FRATHY Z AN E 2 JLF-F Less Naive Pool i A —FER T (BIAE R 12 T 0.05 7).
ERNTE LM AR RNEE S T REBIN TR T, XRIAFE SNBSS 4
o R, BEHREMZ, B CPython Y, X43F it 4wiFASia1THAS ol ARSI
st

ATE R AR EA T ((FIRHE, XA RJLER) . BT S TR A i AR 2T
B R, RATATRAGIEA)R FLAG SET AR R . seed () fl. read byte ()
Ty YRR SRR S R AR B R AR, SR, AR (5] 9-23) Byl E
2 WHITH A2, RATEFRHERRVRIZFEM, SRR AR, XM RA LR
Ft Less Naive Pool JiARZNE | 1.5%, TEFATRTIEREAGHN T 4.8 AOERHIHE T,
FATTRERAX M TREBERT (Ni%) GRBfrEmk,

B 9-23 AT “ANEAGFFBNEEE” BRI R u8 145 2] — ARl
def check prime in range((n, (from i, to i))):
ifn$%$ 2 == 0:
return False
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assert from i % 2 !=0
FLAG_SET LOCAL = FLAG_SET
sh _seek = sh mem.seek
sh read byte = sh mem.read byte
for outer counter in xrange(from i, int(to i), CHECK EVERY):
upper bound = min(int(to i), outer counter + CHECK EVERY)
for 1 in xrange(outer counter, upper bound, 2):
ifn% i ==0:
sh_seek (0)
sh mem.write byte (FLAG SET)
return False
sh_seek (0)
if sh read byte() == FLAG SET LOCAL:
return False
return True

L F TR EIT A 2 /X R IR S T 2 B E . BiR L, Bk
ARFFEEELARRAE , AT 32 N T EARR I B E, 58 Bk i aeiy TAE (i,
— A PyPy Y JIT FiFan2iE — 1M Cython RURFESHIFAT) o

TR MG R BT, RS RARIES. FATM Python 3+ X
PR T ELEAT R AR —— TR U0 WK B A B2 5 7E 73 SM) Python
WA (4R BIEARFSEI E, 240l PyPy 5% IronPython) FRETAE,

FMFARRERE T, BroMRAGEE B2 T RERY, I HARBRIROR IR, ARERN
PRIESR g R VR ST AN IR T A,

9.6 H multiprocessing 3= numpy ##E

Y TAET K numpy 4B, 1R—& S MBHHE SR RS TEIAR A A S ORI =
B, TN DR, X ATRER, REA R, S TR R, R
fIESE StackOverflow 41 P pv,
s
y REAF XA 77 ik kR F3 BLAS. MKL. Accelerate #= ATLAS #4T
%'\ A . XSk R AR E A6 R 5 K £ 4F multiprocessing, T £5°€ 1112 AR
B A 6 (AT 37 B4 BIF K. AEEMa® R — L ERIT A
multiprocessing X 3F, (22 RN H (%K T HRGEE )
RER B THRIZAT, FAXEERT B AR T R T ek g
RITZAR 0.,
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FEVERE [F) = — SRR LA -

o HAMHIEWRERARY RAM,

o ANIRTRINERSE DUKRNTE.

o RIGE| THEUERE AL T G5 R A AT RETE

[\ REGE 9.3.3 (] numpy RALE pi AYETR, FATH I, AR LA AL
- RATER, EXE, ATTMESIRA: (fork) =T —VAHA, &
— M IERRGE I AS [ Rh 1 B REAL AR A A LEOR ST B A — A DIk, [RT A
SE— R BEHLER AT REZE HU ] — A B A E AR bR

HTRUEE, FAMESCTH TR AR A— A sp AT AR G — KB
(10000 3 80000 NITFK) , FHEHFEYF M 4 BORHATHA random (FEIXPRRE L
T, F—ERAEE—1T) . BITERRIED 15 B, HATIARIES: 4 B, HES% 9322
TR BT B LEUE i dr i — L fE e

TEATTHIAR TR, FAI S — AR R— i, TR B2 2 Bl

TEE 9-19 H, IREER I lan AYZEICAS HUIR %) htop fit . BE/R T 4 NN
ALHERE (PID /2 11268), ArFiX S AFREILE T — MRl 10000 x 80000 TG
[ double 2 numpy (2, XNEEHR— 0¥ VIFEDE 6.4GB, MAEILA R HA
8GB——1RBEF ILAE htop Hilid HFAE R38R Mem 2B Z (5 T 7491MB
) RAM,

Terminal
Terminal X Terminal x Terminal X Terminal | x

101, 324 1
0.83 0.63
11:12:41

python np_shared.py
python np_shared.py
python np_shared.py
python np_shared.py
python np_shared.py
python np_shared.py
python np_shared.py
/usr/bin/python /usr/bin/mintupdate-1
python /usr/lib/linuxmint/mintU|
python /usr/lib/linuxmint/mil

e N NN

2481 ian
2500 ian
2496 ian
2293 ian
2297 ian

python /usr/lib/linuxmint/mil
/usr/bin/python /usr/bin/cinnamon-lau
/usr/bin/python /usr/bin/cinnamon-

0
0
0
0
0
0
0
0
0
0
0
0
0

CODOOOOOODDD DD
COOOPOOODDD O D

9-19 htop £/ 5 RAM %0 swap £
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N T AR, Bl E ol —wER G, RERNSAEERN, &
B 9-24 v, FAEBh TR : EEC T —4 6.4GB 1 double Af 10000 x 80000
YRR, DAFERIETE, 10000 T &AF N R G2 TARE Ak, TAEERFHK
TE4E51) 80000 i EH#:AE, C&NT TEA, FATMA L. T8, UATWNESR
(421) RIAFE, FATREGSTE T AR ek A0 M FATIE MG X ME B Y £ 4L A
Fe—AHEETE 0 BRAS R AR AIX 43 AU H) R B FU ) — FE

Bl 9-24  BEILTHAH

$ python np shared.py

Created shared array with 6,400,000,000 nbytes
Shared array id is 20255664 in PID 11268
Starting with an array of 0 values:

[[ 0. 0. 0. ..., 0. 0. 0.]

Original array filled with value 42:
[[ 42. 42. 42. ..., 42. 42. 42.]

[ 42. 42. 42. ..., 42. 42. 42.]]
Press a key to start workers using multiprocessing...

el 925, WAMEZEZNT 4 MR TAETEALZEEA, NEUETHEEH
UL, FAERRERTHERNTFR, 3 B8 NERA AR RTIER T, TIE
HERILTATH SRS I E R PID, FrLARRNTA A BT . TAEER
L5 B ——E 2 & M AC RIS R W EAEBOAE (BT AT HE A HeAt 0t
BEYEE), HEESM 4N PID EilnX ME., —BIT/EEZM T, AT
BIACHERE, FROATEVEAL, Xk, FATEWEHEFTT PID MiAZ 42,

B 9-25  FEIL=HA Fis4T worker fn
worker fn: with idx O

id of shared array is 20255664 in PID 11288
worker fn: with idx 2000

id of shared array is 20255664 in PID 11291
worker fn: with idx 1000

id of shared array is 20255664 in PID 11289

worker fn: with idx 8000
id of shared array is 20255664 in PID 11290

The default value has been over-written with worker fn's result:
[[ 11288. 11288. 11288. ..., 11288. 11288. 11288.]

.« ey

[ 11291. 11291. 11291. ..., 11291. 11291. 11291.]]
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T, TER 9-26 HIRAIEEH T — Mt kA TES A T A& PID IS,
HTAERY SR, RATEE 44 PID h S —AFRMEMRE, TERITH
800000000 NTCE M ELA S, KATER T 4 4, &4 200000000 4~ PID, {5
PrettyTable % 2 IR A& M i,

Bl 9-26 FEIHZEA LRUESER

Verification - extracting unique values from 800,000,000 items
in the numpy array (this might be slow)...
Unique values in shared array:

fomm - fommm +
| PID | Count I
R Fmmm +
| 11288.0 | 200000000 |
| 11289.0 | 200000000 |
| 11290.0 | 200000000 |
| 11291.0 | 200000000 |
e e +

ST, BAERRRR L, BB,

FATHEWTE Linux FH ps #l pmap kE&EFERGNIHFEAE., F 9-27 B TIHH ps
HIZER, EX AT

o ps HIFERNAXRERNEER.

o -AJSIHFTARIHER.

e -0 pid, size, vsize, cmd it PID, J/MEEFGLILFE,
o grep YHRIIER A HARM S R BB T ARAERIT,

ACHERE (PID 11268) MIER) 4 MIRAE (fork) THERRR/RTE THithd . 45REMT
FAIFE htop HETILE), FATATLAGER] pmap KEF G NIRRT NI, H% —X
KAERY M . FA grep AR s—RINMMC N IETEILZR AP, FEAL
BT, FA1E W—1> 6250000KB (6.2GB) HJRIEENIZ AL,

%1 9-27  {#i F pmap F ps K2 B MEAER G A B 23R

$ ps -A -o pid,size,vsize,cmd | grep np shared
11268 232464 6564988 python np shared.py
11288 11232 6343756 python np_ shared.py
11289 11228 6343752 python np shared.py
11290 11228 6343752 python np shared.py
11291 11228 6343752 python np shared.py
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ian@ian-Latitude-E6420 $ pmap -x 11268 | grep s-
Address Kbytes RSS Dirty Mode Mapping
00007£1953663000 6250000 6250000 6250000 rw-s- zero (deleted)

ian@ian-Latitude-E6420 $ pmap -x 11288 | grep s-
Address Kbytes RSS Dirty Mode Mapping
00007£1953663000 6250000 1562512 1562512 rw-s- zero (deleted)

%i19-28 /R T AHIEX A IR I EZDP IR, T 1#H—fmultiprocessing.
Array RPN —A 1 4880, BB AT DX RS2 6iie T
—~> numpy {4, HALEEE A 2 45504, MAEFNTE —A numpy ALRERTN
fEd, RERETEMERRI L, H HAEE1E— -l numpy $HARHER T, numpy
WAHEEH RAM, multiprocessing.Array fEEHE,

5 9-28 i Ff§ multiprocessing 3= numpy £14H

import os

import multiprocessing

from collections import Counter
import ctypes

import numpy as np

from prettytable import PrettyTable

SIZE A, SIZE B = 10000, 80000 # 6.2GB - starts to use swap (maximal RAM usage)

TEB1 9-29 H, FATTW] AR WA MR (fork) HEAEVT 7] T — M4 /w# main_nparray,
IR (fork) HEREA—A numpy XFRGFE DL, MR AR RZE T TERILZNF
KArfig, FAW worker fn Pl HEIHIHAEFRFFRES — MRt (&
o idx),

%51 9-29  worker_fn “HILEE numpy ¥ 4H {8 H multiprocessing

def worker fn(idx):
"""Do some work on the shared np array on row idx"""
# confirm that no other process has modified this value already
assert main nparray[idx, 0] == DEFAULT VALUE
# inside the subprocess print the PID and id of the array
# to check we don't have a copy
if idx % 1000 ==
print " {}: with idx {}\n id of local nparray in process is {} in PID {}"\
.format (worker fn. name , idx, id(main nparray), os.getpid())
# we can do any work on the array; here we set every item in this row to
# have the value of the process ID for this process
main nparrayl[idx, :] = os.getpid()

TEFRATH 9-30 By__main__Hr, FRATEL =ATFEBOR TAE:
1. #E—A =i multiprocessing. Array FAIH B E — numpy ¥4,
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2. SRAAREABONME, FAR 4 NIRRT AR R AL B T AR,
3. fEAEAERIEE, BRI,

MAVEI R, JRE T — numpy $04, HAE— MR TIE, WRENIE
arr = np.array((100, 5), dtype = np.float ) ABFEMRMELEE;, XTF
— MR TR, ERIRARE IR ZHIE, EARRE, AR,

IR E - ENFE AT, —f 2 EIE# > multiprocessing.
Array, Array BRIANGTEGIHORET IEIF A iR, (HE2RNMATEXZEY, FHRK
X AT LA NOHEI, A TS H A 5 iaE, e 82
& E lock = False 2{HIEM,

WRIRA KK E Llock = False, HPAMRSIEE]—PXIE, MAE— DR
51, HHARFERA .get_obj () RGN FH, BLIHAH .get_obj (), IRGEIF
TH, BrAES—Ad, AR EM, msca T,

FTRIANTR X F I8, HH A frombuf fer ALK —4 numpy %
41, dtype ZA[EEHRY, ERBEARNBIEELETY, B2, RO
TEY, ERFRATHEE A—> 2 4Rk S Y. BAEBGARE R T 0, B
9-30 s HFATHY__main_ 2,

B 9-30  AHFLEIMBEE numpy £0ZH ) 32 R EL
if name == "' main ':
DEFAULT VALUE = 42

NBR OF PROCESSES = 4

# create a block of bytes, reshape into a local numpy array
NBR ITEMS IN ARRAY = SIZE A * SIZE B
shared array base = multiprocessing.Array (ctypes.c double,

NBR ITEMS IN ARRAY, lock=False)
main nparray = np.frombuffer (shared array base, dtype=ctypes.c double)
main nparray = main nparray.reshape (SIZE A, SIZE B)

# assert no copy was made

assert main nparray.base.base is shared array base

print "Created shared array with {:, } nbytes".format (main nparray.nbytes)
print "Shared array id is {} in PID {}".format (id(main nparray), os.getpid())
print "Starting with an array of 0 values:"

print main nparray

print

N T UESERATR PR R AEFA TR SR R A Bt EAF, M2 f— T E
—NBri) DEFAULT_VALUE——JF DMRSBEFIFER] 9-31 AT (FATEdr, 5
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HAAYRESR), T2, FAE TP IER FEXNT 2 4 D),
HEE LR map kR LEITRT].

51 9-31  ffi F§ multiprocessing 3 3£ = numpy $04H A% 3= pR %K

# modify the data via our local numpy array

main nparray.fill (DEFAULT VALUE)

print "Original array filled with value {}:".format (DEFAULT VALUE)
print main nparray

raw_input ("Press a key to start workers using multiprocessing...")
print

# create a pool of processes that will share the memory block

# of the global numpy array, and share the reference to the underlying
# block of data so we can build a numpy array wrapper in the new processes
pool = multiprocessing.Pool (processes=NBR OF PROCESSES)

# perform a map where each row index is passed as a parameter to the

# worker fn

pool.map (worker fn, xrange (SIZE A))

—HIRAVFER TIHFATAC I, FRATE BN ACHRERIGUELE SR (B 9-32), IRUEABRFEEK
H_EE TR R RETT GERE, MERHEE I, & HRTE 2 4504 LAY
LT%?I%%ﬂﬁﬁM@)imAPme@%@YHf‘&mm Tk
assert A RFIRINTISH] TR

B 9-32  EE LA L) FE R K

print "Verification - extracting unique values from {:, } items\nin the numpy
array (this might be slow)...".format (NBR _ITEMS IN ARRAY)

# main nparray.flat iterates over the contents of the array, it doesn't

# make a copy

counter = Counter (main nparray.flat)

print "Unique values in main nparray:"

tbl = PrettyTable (["PID", "Count"])

for pid, count in counter.items() :
tbl.add row([pid, count])

print tbl

total items set in array = sum(counter.values())

# check that we have set every item in the array away from DEFAULT VALUE
assert DEFAULT VALUE not in counter.keys ()

# check that we have accounted for every item in the array

assert total items set in array == NBR ITEMS IN ARRAY

# check that we have NBR OF PROCESSES of unique keys to confirm that every
# process did some of the work

assert len(counter) == NBR OF PROCESSES

raw_input ("Press a key to exit...")
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AR T —A 1 47 8, LEREO—A 2 46504, 75 4 P ibRRRIt =
B, FFAFENTHEMIEI NS I AL XA iEA BN RTEVF 2 % B FAT
o SR, ZL/INCRT A R B B A7 B ——An SRR R 0 O ] 25 ) D, gl
AEAfE multiprocessing HEEHL, XSHEERIRIIIE.

0.7 EHXHMTEIFIE

FE NG, RNSEBRZERIEEMERE —DRE—ELFIEILT, 41
AR DA— 5 RBGEIE — LRI RS . SRS ERRAYT, TR A IR
UISRAREEVA—Fh— B 77 FORIE AR AN, VRS R HE DI ok A2 Hdain
B, AREBSTEHRPETR.

WAFOLN, FBIEMURE A AR ERIERSZ (08) BRAMK, mHEN®
AR A E TR S EEA R, TEXE, FATHAR MM Python FEAYET
SRR, 7E Python HERRAI L Z— R R,

9.7.1 {44
BEE AU RIEA T I R SR T

YRATAFERI 9-33 AR AT — D TAERE ARBAE— MRt Huds LHEEA,
TER—YERE, BFTJF T30k, BBREAAERE, 331, REHEE
BEEME, TEH—REAT, X2 REWEENFE, St — 7
R EN RN E,

B 9-33 AP TAEREL

def work (filename, max_count) :
for n in range (max_count) :

f = open(filename, "r")

try:
nbr = int(f.read())

except ValueError as err:
print "File is empty, starting to count from 0, error: " + str (err)
nbr = 0

f = open(filename, "w")

f.write(str(nbr + 1) + '\n")

f.close ()

EBATH— DR IEATXABI T IRRETED] 9-34 & W . TARREER
T 1000 ¥, IEAIFTEIRRAREE, BEITEUER, A BREMEE, 75— UGER
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B, R T —NES X, X2k int O invalid literal for int ()
R (AT —ASEHE PR T int O0), IMEEREET—K, 25, &
MERSA—NEEER TERBOHE B — AL,

B 9-34 RIS, FH— D UERRRMURET SO TRy AT I
$ python exl nolock.py

Starting 1 process(es) to count to 1000

File is empty, starting to count from O,

error: invalid literal for int() with base 10: ''
Expecting to see a count of 1000

count.txt contains:

1000

BAERATREA 4 A R IERERB TR 0 TAER S, FATEAEFIMBI S, Br
PATRAT I B — LA IR i 25 51

i &

AR AT @RAE, 47442 AR 6 IR B A
| B TR, RS A LR AR KA 49452 R? Bk — T R E P A
| FE2RE (HANABERGTFRBPIITAAEAN A2 EFEITRE ).

HEG] 9-35 SRAEXANME, i, UENEREEIN, SRS, FrVENTHENR
BNETFIR TR, 56—, B MRS, B IERRaEsiEs] — a5 A
BEBUITROEE R . XL IHEY, MEEHE, XARRRIET, SEIATAT R
PREFEEEARS] IRBER 2 \n I ME AP K ERE 5 A B R T 3L
Ph, SECE =AU T — e ?

Bl 9-35 RS, I 4 DUERRET SRR TR IS

$ python exl nolock.py

Starting 4 process(es) to count to 4000

File is empty, starting to count from O,

error: invalid literal for int() with base 10: ''

File is empty, starting to count from O,

error: invalid literal for int () with base 10: '1\n7\n’'
# many errors like these

Expecting to see a count of 4000

count.txt contains:

629

$ python -m timeit -s "import exl nolock" "exl nolock.run workers()"

10 loops, best of 3: 125 msec per loop

Bil 9-36 J&s T 4 AUEREA A AR E) multiprocessing i, HERNTHK
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A map, MRMWE T —4 Process XfRMIIFR, REFNTEX EAEHER
ifgtk, {H Process XRETHRATREI RN NHRRRPRE . FA TS 1R 3515%

SRR ) A 2R BEREELf# ] Process,

51 9-36  run_workers & 4 R
import multiprocessing
import os

MAX COUNT PER PROCESS = 1000
FILENAME = "count.txt"

def run workers() :
NBR PROCESSES = 4
total expected count = NBR PROCESSES * MAX COUNT PER PROCESS

print "Starting {} process(es) to count to {}".format (NBR PROCESSES,
total expected count)

# reset counter
f = open (FILENAME, "w")
f.close()

processes = []
for process nbr in range (NBR_PROCESSES) :
p = multiprocessing.Process (target=work, args=(FILENAME,

MAX_COUNT PER PROCESS))

p.start ()
processes.append (p)

for p in processes:
p.join()

print "Expecting to see a count of {}".format (total expected count)

print "{} contains:".format (FILENAME)
os.system('more ' + FILENAME)

if name == " main ":

run_workers ()

] lockfile bk, FATREMETIA—FRFEA IR, FREAE R —I 2 R — it
S, R E SRR 2 e N0, PRI ARE TR, EASEEH,
IRATCATEG] 9-37 FRAEFIIERASL . RS KBIAELR ISR . SRR BLH A
Python BRI, SCAFHAN IR XA SCPFIERE A S 90 LaX AN S EL 2 “ Bl

7 AR
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B 9-37  (EFBIRT 4 DPERRET ST T LAY A i

$ python exl lock.py

Starting 4 process(es) to count to 4000

File is empty, starting to count from O,

error: invalid literal for int() with base 10: ''

Expecting to see a count of 4000

count.txt contains:

4000

$ python -m timeit -s "import exl lock" "exl lock.run workers()"
10 loops, best of 3: 401 msec per loop

/] Llockfile MM T JUATHUM. B, FAIGE T —4> FileLock X4,
SO AT AR AR TR, (BRI ZE N8 ) SCPEATTR] Y 44 7k i AT TR A A 5 ]
B, HRIERAFEIBINT, FileLock MIMHREIMA FITIF T — 8 30, - lock
VER G4 o

BAHEMSE acquire X TRMIHZE, BERPRGATH, —BRER T8, K
HUREMSMUURAYAL IR, T B AT RS, #E—BARS5E (B 9-38), ARELAT LA
RERBA

Bl 9-38 A B TAFpR %k
def work(filename, max_count) :
lock = lockfile.FileLock (filename)
for n in range (max_count) :
lock.acquire ()
f = open(filename, "r")
try:
nbr = int (f.read())
except ValueError as err:
print "File is empty, starting to count from 0, error: " + str (err)
nbr = 0
f = open(filename, "w")
f.write(str(nbr + 1) + '\n")
f.close()
lock.release ()

PRATDABE I —> L SO BRES , FERXAME LT, IR Lock: RAUEF acquire Al
release, XETHIGM T ORI, HIMIERMERERSE—N, 1§
R LT AT

RBRER ] —4> timeout RiFK acquire 8, MACLFENBL, HITHCES
TAAERI BT, $RAE T LA INBLE], XEE 1 A BURBOBA I EAE T Filelock
B O 5,
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9.7.2 %5 Value hnsi

multiprocessing BIHAEHREEFRAL T JLANETDR L= Python X4, FRATREM
AT A B 5 ok L= BT 5, tHAEA — > Manager I H S Python
X5 (Fln, FHmyR) (HEERRSFHS BEBE I =),

TR, FATRFEA —4 multiprocessing.Value XfRIEMEREEILZE—EE
¥, R value f8, ERBEARIMFE—EMRLE TRNERESA, HEZ
BA RN TR, B 9-39 R TIXMIEDL. MRAER B FATA—AARIERH
R ROR A4S, SOITHAFEZ B A B E T SR A F R BT

B19-39  JBFEOTEUN LA

$ python ex2 nolock.py

Expecting to see a count of 4000

We have counted to 2340

$ python -m timeit -s "import ex2 nolock" "ex2 nolock.run workers()"
100 loops, best of 3: 12.6 msec per loop

BARBA KAERIN, ERINEE T HILRER . GERIEK—NEREEA—1
Value, f7E7 SMYIEAE PIHFARAS Value ((HAMEHD , XAD7 BT RER GE ).

$73 Value MTBELATE T B 9-40 1, Fof I RERFEU— 4R — 01
{H——f value ("7, 0), FATHR—AFIAEN O HAMHFSRI, Bk
MBS R IERATAYG Process W%, Process W& IS 4N
SEEHFMT Y, AT M TN value FTRATHORRTS, Fil6
T .value, FEBFATERR— B IE—RITHEEA ) — R THRE,
FUJ value HIURSCH, BFOMEATRAR L TR,

Bil 9-40 A BT EUCHY

import multiprocessing

def work(value, max count):
for n in range (max count) :
value.value += 1

def run workers() :

value = multiprocessing.Value('i', 0)

for process nbr in range (NBR PROCESSES) :
p = multiprocessing.Process (target=work, args=(value, MAX COUNT PER PROCESS))
p.start()
processes.append (p)
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FATREAEIG I —> Lock, B ASRATZ AIFIA#IAY FileLock fi TARFEIH)
FHETAE, REETERI 9-41 & B IEHF A 5 A9TTHEL,

51 9-41 {#ifl Lock ¥ [E]2 55— Value

# lock on the update, but this isn't atomic

$ python ex2 lock.py

Expecting to see a count of 4000

We have counted to 4000

$ python -m timeit -s "import ex2 lock" "ex2 lock.run workers()"
10 loops, best of 3: 22.2 msec per loop

TEB 9-42 , FATC LM 7T L FCEHEES (F Lock) RIKMPL, MATEZ
HIfY FileLock il 7 HlbkE, EICPREFRFARIKIBL,

5] 9-42  {i ] context manager 3R EU4

import multiprocessing

def work(value, max count, lock):
for n in range (max_count) :
with lock:
value.value += 1

def run workers():

processes = []
lock = multiprocessing.Lock()
value = multiprocessing.Value('i', 0)
for process nbr in range (NBR PROCESSES) :
p = multiprocessing.Process (target=work,
args=(value, MAX COUNT PER PROCESS, lock))
p.start ()
processes.append (p)

HUANTE FileLock Bl 1A AAREE, @i LR U B S —ai, 1] 9-43 FY
FrEBSR R T BRI AR Tock X4,

Bl 9-43 IS, 1AM BT SCE B g

lock.acquire ()
value.value += 1
lock.release ()

BESA Lock WA 4 TIRAANESRARE , BIRARERIBIR 2% 7 — RN BRI
], FATREB NG 9-44 FHAYHRFE A —4> Rawvalue U Value, FFEG—iEBH
PR T, RN N BEBEEX N BT EHF T, a8 —T El
Bendersky X T iX A4 RN T
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5 9-44 BB P RawValue F1 Lock 7 yERITE T & i

# RawValue has no lock on it

$ python ex2 lock rawvalue.py

Expecting to see a count of 4000

We have counted to 4000

$ python -m timeit -s "import ex2 lock rawvalue" "ex2 lock rawvalue.run workers ()"
100 loops, best of 3: 12.6 msec per loop

AT Rawvalue, HEGN{F] 9-45 th R AR Value T4 AT AT,
5 9-45 {# F§ RawValue FEE )1

def run workers() :

lock = multiprocessing.Lock ()
value = multiprocessing.RawValue('i', 0)
for process nbr in range (NBR PROCESSES) :
p = multiprocessing.Process (target=work,
args=(value, MAX COUNT PER PROCESS, lock))
p.start()
processes.append (p)

IR AT I — ARl ], JATR T A RawArray SRAUE—4

multiprocessing.Array,

WiE T2 HERE R — MRC R R I =, ROTE L/ 2 T4 MA R T 20k
FE— G Bl LR Z IR R TAE, SR, R Re e R Ak
PRI B—— SRR AT RERYIBETT B o 1h— AL s A BRI SRS BIr A a0 o) 5 A B 155
DURIRMERT, MR8 —RBUA T Z PR B, R 2 BORE A2 0 NPz
AR Sl R S X R R L

ML 85 a7 18 — s (B2 B2 5 YUk i i BB BRAR R AR o il — AN 36
ftl Redis HYSMNES T H K ILZRES LA M —MEB T REE BRI 238 Fri 2 )
ARG ——iX R P K T 2ORLEVR B B A M AR IR H AT R Go B R A O 34
—E EACAE R TERERY Python ARUAE BEAS Wl AEM 1A% 14T A HH A BE A 2 ) 672 T i B
fF——MEENE, AU E, B (el LAgsidE) kg
ESzil NSO & 8

9.8 &

TEAZRRMNCEW K TREZ . ERHNE TS NFEPIATE, Xh—14
HA BRI R, A —DNRA AR R, HIATESS 10 Tihes
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e, FASFIEEHAEL GPLAS LA XL H) 1,

Tk, HNTEFIE multiprocessing X} Queue WSZHRFAIEHIITEH, — i
DU, FAHEREGE A — AN SNEREIBAS IR, X AS BAPRETENNE R . VR {0 17 T
EH— A5 B TAER AR FHIML (pickled) BO%E, XA Z TR,

HARRLESE (IPC) A9THE MY A U TPC BYMERE DR ERZ], AUE ] —
NREMFATIA (BA IPC) "IRERAE XK., WE—6HA SRR
FHLARE LBGA M IPC RIT x— G A ML ZH LB Z .

A DL AT LS numpy FEFEALSON T —/ Mg 7 U2 A, (HU2 2 B 2N,
ERLE R E L, TR R B A BOA TEIEAR (8] 75 DB 75 AL S UMY JLAT AU Al — 24
LERE,

i, FAVE T SR AN AT SR S SR R R —— 1 R AN RORIXE DABR B A0 5 5%
RSRIE, AT RS T — BRI R AR TT

T —EPRINSEEMEH Python HYSERE, LR, AT DUBBERNLTHAT
'fi#%ﬂﬁﬁ#éﬂmﬁﬁ% CPU, X5 AT — il o AU IR AR

FIREA S, T HHEMALSS B ATREA R (BUR IR E, BURRERRD) ., FAl
A%Tﬁnﬁﬂéﬁﬁﬁ}? THY Python BLHFHATAL pi BUMESEED R, FH /R II6E A —4
IPython £E#f3(124T IPython P EREIBFZE LAY,
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F10Z

SRR I(ERS

ERAEZ FIRE L EE T 5 E &

o CHHFASERERA AN

o EBMRMMRA?

o FTUMTE—ZHREN MR T AR — R AR DT 27
o  IPython £EFFUIA T.1E?

o NSQ ZEMA T A EERNET=RE?

—MMEREE H P E— AL R TR s A L MR R LR S . MSNRER, B
A RERR — R HY AL RS

e 20 22 90 £, FE— AR N b6 — 4Rl PC SRR IEAT SR
A A PR AR & 285 AT R ——BEARAE Beowulf £2HE . J5 K Google 7E H CHI%K
FErbEd L PC RS, B8 T —PERMERTT, JTHEHRhE
T MapReduce TS5, FERKF-H) 5 —f, TOP500 T H 45 4 Xt #5580 iy 11 5 AL
RO T4, XERGHRA R ERFR T, I BactkrpLas &R
T Linux,

T Hifh Web k55 (AWS) 8B R i AR R, Sl R R A
FI3 H HanpLgR > R R AR . (EH AWS, IRAEWEFHH £ & /\# Intel Xeon,
60GB 1) RAM fHLEs, 45/NEHRE 1.68 2670, 4 244GB RAM HIHLES DA K BLA
GPU myMlL#% . IR RS IRER AWS WIGEHEERE, "AEES
10.6.2 35 F1 StarCluster £3,
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ARG BERFARE . RRK/S, RRERIGER, AR X
B

TEARIRS BRI R TT SR, FPRIRE £

o JERTIRAIRL, HIL/REMHISTENRE,

o IRZE T AU Cython MyZmiF AR T R,

o TE—HEMMPLES LA T2 (e RENS EARZE) .
o R THMELD RAM HIHIAR,

IR R G FrafTE— PG L (BIEE “— S P87 KSR KA A 1FZ RAM
1 CPU HYTTEEHL) 5 b ARAYLE TR A LE . WIRRE TR EIF L CPU BUE HAT
ALTER B i ERYBRAYEE ST, 0B R A JAUh v TR A Ry i [ B B 2 JE 7 A R
R, MAEEBE—MER L.

101 SER mAb

SR B I 1) 2t AL AL AR REAS B 2 L) FR T AR 7 SR —— U SR AR TR A B o 2 (4K
PEECE R RIS, RAZEIEZ AL (30 “9R7).

WSE LA, RBEER R A FEE . B LSRG A —E R, ST R
W, —EME AR SRR IR T AR,

PR QESNSY BRI RS — i WA S 2 e Rt — 4R g5 ek
ALPE web T SRBUH SRR R (FIA0, FEuci iR, U, BURTEE %),
F HAE— R 55 LE I B BLE SRIG NI, Wi S 2 R 55 4 .

BRI I 18] R B PR LA PR SKRARL AR, ShaSy At 2 b B AR )
9 R A 2 — PR R T 2 A i 77 5K

SEREAL I BE AN A A A2 SR B AR R A, (R R 2 3 A 4
AR — OB DI Z W (B0, BhKECHR IR ), HAb R SR L RE Lk SE T
VB, WVFHE 2 1A BE B TTHER IFE R AL BRIE 5K . BE ALV AR B AT HE S AR I R
Wi E (0, ARBAREERGSMGHIM), XEFREBIRSBIERER
BRI RN 2RO —E 2 — % Ky £
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10.2  SFEFRYERE

HR R R RO TT R B A . MR AT B ATAESS 9 TP r 4l
WA, B — AR BRI, RRME], RS R LRA S
—BHLEE, SEEFA—ESRE S LR, R ZEAER ML 2
MAETAE, REFTELLITA LA 21T H R A BB E . R0 B RE R AR R
HUEZ 958

BEAN, AR3E B AFANSE 1 B AR ESL BB FA LA e — EARIA 1 BIrA X 2L n] e 22
PRI RVBOMY RS, BB 25 XABOM R AT BEREAN T —NTE
AR TR, WRELEARMAZL AR S B 8, —BRGURKAT R BIER, 1R e
B AR PR AR AN AAREI AT BA

=

BANELREF FHREN —ENEHEGH AR AHRMNAANE R
IR AL — &G i AT R R —t FAL, AR AL F#RE Lk (RE
BAVKINILF — N EH R EA A — AB|C LB AL ), WwRIRES
EHY R GREMEF 4 RAM X # CPU), AR L #fE1F98E XA
Frikst R . HR, ROGRIEE RTRAREE LY EATRAMN
H—, RH—ANEBEGEHRETRIL—S ERINE EmEE, A
7, e R AR —AATAEFEAMES, LB R TN ERA
T AEAR 6 — e B 1]

BTN AR T =, IR ECE R S YIS ECE T RER AR (5
Bl A AR REA AR KR REEE) . VAR TR IR R s b
BARME S5 (P Lok WE? R BIAT 55 MR S i A 38 & BN RS 2 AR EAT 55 75
BONIEAAT 55 A FB (F AR 45 2R 0 2 JLAME 55 IEAEs TN, QR — R R T
HE AR T EEE R T E O, IRA KA AR ARIRAEE R
XL, RO BEZ TR

BN %S BB R RO RS B 2 1. BN, SRzt — DT NART Web 55
W, ARATREANTE 2 99.999% Y AT FEME——UNR—IUE SRR T (Blan, —5KIA]
FrcH RSP AL, HFREN POoRE RN, RSN AREZ LAY
HHY . ABATREA R IRR B S T PRI R, (B85 — mURROE H AR T URR)
D P TARMEBMA, AR ESR . 55—, R NEIA 5 RRLT TR,
A2 M RERERI I ZE T 3752 5 B A+t B AR w2 A =4 KR |
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P — AN E B Rl B T BEAE AR AU B . RIAHLE R A e, (EREA]
HA— MRS S —— B s S AN, MRaK%, s
AEHR, BT RE M AR R RE R, TR AT AT RE R RAM A2
BREAG— AL, AR Z AT AL, BB 2 B i 8] e AL P 28 7] AL
PRIB R EIGIN— 2 ARG TARITOR AL PLX 28 A1, R SCHE N T 100000 35T
MBS, EH—DETaREREREMr X8 (ERRELSE, HRK
AR BREEPEAES ), T — 28 5 (R R S B 1 I I ) T R PR A T — A
RIS S A T 373

AP I S A I T A BT 7 1 SR P A PR gl A 2R — DR S 1, WT BB A
Xof (BB 2 e I ER R AR T A S SO o ANSRARIA — S SO AR B B TR IR RER
B AENRRF AT ATE AT BE SR S IR ok 5 SCRY (R e —MEE BB A ZIHE
SEHER A P B ) —— X AR AR 204 LY ) . FERX A b, R T
FRRILE— D ARG EE AL IT SR I3 ] RE 2L 9 2 A —— IR B AL 2
S ILA PR E B IR BT 5, BT PAISRARA 10 MKUG2ATR AL, WT6E

PEBR—/NIPRAE AN RGSE IR JE BN . SRR AR A BEA — /I Z A B HERR X
Yo ABANRA B ) 25 B I A B X SRR AR 2

Wk QAT T AR T A B I BB BRI IR, 152 2% ELXE ATIORHI AT 2 ] - S:2
R BT BURHOEER . iEFRANTBFEB RS AL AR, FERHAGE
iz iE gl

10.2.1 FERENSRHARRBISRIERERE 4.62 Z%T
162012 4, BEHTSC5 2 AL VEATERBE P SIS A T — M, 3
KT 462 {LFTT. BPHHE TR AP BRI TR 3L,

TERZ G, — AN EERARCE TR ek g, THR eI TE T 8 ARl Y
76, HREHE 8 GYLAHEM THEIHA AR BT, XY P AR5
Do HEMRZHZ G2 (SEC) WEIIF LA BRAILHASA N AR ET L,
It BLAH ARG A AR T R

AR REERAWNREE . Bo, BAIT SRR RBRE—NEFIIRE, B
PMBEF SIS TRk, g A N TR E IR IATH U e T .

BEARBER LG T AT B ——18 ) THE SR 7 I P 8] R B g AR
i, FEMEAEM N, S2fM BTk, sk —FENREIIRERGT
PR AN il , SR 5 RIS RAR A, ] REAL S LR ARAT H AT R B 2R I
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AL B 5 B B TR AR . XEWE A AT BN
B, JCRMAICARI AT REC &M T 2R,

10.2.2 Skype R 24 /\EF £ Tk PHT

Skype £ 2010 4Fi#32 T —IK 24 /NEFEEREE R AL, FEAef5, Skype HHAXT M
KT SCRE, T RGERAENEE (FRAHL TRIRIEHEE) A& T Windows &
Frum i By JE R, — LU AR Windows & i B2 £ A AL B AE 3R o i 57 25
To BME L, KE 40%EERE Pt T, A4E 25%M A4 A, MY
FRT X 2% 1) I PR B G R

Wi 25%R HBTEE (B T, (REEHIKE), BAMBL T ERENT.
FABRE Windows %7 SIEFEEE Y, FHZAKERIMARMS, EEfid i
ARG EIN T HR KRR, BICY SRR Z R Z RN, A REREER, Bl
EANTITE 5 PR A R SR

Skype 2815 24 /NIRRT, IRE ST KB Je B B LA G IR E T
A ENTEECE BN AE BRI R, #E LT 6 2 BB ST ok it
TERE TRIPJLRA, MBIRE T,

FHOE R T Skype IIRZEEL, WK, FEJLREKH TH, MATH0R B
IRFIBIAF LT . B POEFHRE ST BIEH BT R, TRER e kR — 1
i3 .

% BB W R SRR LA S B A SRR T G, XA SR BICAT RE R X AT FASL L -
I RSHY o I 25 LB BT A U 2 R A B e 2 R R S [ A0 RRCAR FNAS [+ g <F-
B S A 0 2 LU [R] A4 100 2% B8 B A RE IR R

10.3 @AREEIRT

i AR RIS I ) — AN BRI I SRR I 46 o 1 n] BERE B AR 2 A
REZA— IR 283G INIRALES , (B2 R CPU HHIHARMRZ o m Hasfri3dk
2, BT EE— T s S R LES . BT IR R A IR BTk, —
MEAHIREHTZARBAET I, —NERI Sk EC2 B ik Azure B
— RN ST RR 1 X (36 I 5 1] DA O RSE F 32 85

UISRARA B AR R AL B OR, Bt — e RML SR rT BE A B ——hir R
— A JC R SE R s R TIRAK K, 32— A AR E L E R RAID

SRR T EBAS 255



KB R SRR L, HEGRMEA TR, RATREARBE— Ll gs LIR & CPU Ml GPU,
sUUZ RN CPU,

PRAT REAR L — AN KA O A BREE R , 015 B 25Dl i e M I 2% 31 5 3R
SRR EE (BOINC) i &1 SETI@home 1 Folding@home 2 25135 H fir
A FRE—— B 2= T O PR R S, (2 T R AR B i 7 = AN
BEHIH .

FERE BT b, VRAERSZAT AN R B2, TARBAS Bad T ELA 75 2 B A
155 B WO —DBAIH i — DAL BEE BT iE 9% . ACBRES R AT RETEA 55—~ BAF1 R
Mt —2PAb B, BCE R B A MEs R (BN, BEsmst— D EdEE) . HEE
1 2GR A A——IH BB —MH R B2, B h A ALE T 9% . 1M E T RE
TS CAINER , I B ATBE 2 SHLETH . — AR IRA R G Yt A (8 1]
TERE )38 15 -5 H A ERE A i A e ——3K W AR eI — % GG BC .,
AW ZEEFRATERIN, SEURER THE ., I LREEMEREEN, 15E L
HAREGEE (IPC) AYIE B,

104 EHEBI—IEEHULNBRARE

R — AR R G A TR O R M — B BB TR IR 55 2% SLE AT 1R Ak
HigR (A1 CPU 2—X—RR) ML, WRRMES 2 CPU 44,
—A~ CPU BI—MEML AL ISR s ARAREITE S5 2 VO BRI, H—4 CPU BBJLN
PR AL PEES . ARARIIIESS 2 RAM AR, H/NODAZEFER RAM, iE/REH
MU 7 BAE— A0 B B TARIER, BB N 2, IR RS AR ] TR
FRRR (B, FERRSFMH 1/0, XMRE TAEEMER k111 -9 <pid>, M
JE R ER, XA ) R BRI RSB,

BAR, URIEEAM X R A —— — S TEW TR R A T A BT
MRS, . Tan FACHMLH AET R F0E, gL — Mg T — MELE, i
— AR I 28 e A % o E A HERE S ELIE S AT AT O B 6 ) 1 e A e
WA X SRR T = S 1

—HARE T AT R MR AL B RS, AU INEE A, EAR AR K Z /Y
RAM, {5215 DA BT 75 14328 B SR AL BRAT 552

PAEGIA TR GHlE, (U — MR BRI E L b, e EILE: L
AIEAALPEGS . EALEAR AL R R A5 M ELE A AL B R —RE R WSRAR,
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R 2 RIERE S VR T AFEIECENS? WFERE AR YL, 24l
T CPUs. RAM FIZEFER/NY

BAEMA S SN 9 GITEARIMIRE B IR2 7 ALLARTER 10 fEAGHE R A BT 55 .
WERAR, B2 2WE? R AT ML e TR B R AL B AR

DALgR S, AT RS SR, FRAIE T EH cron f£4%, Circus
B supervisord, E{FEABMER Upstart (IEXER; systemd fifft#), Circus
It supervisord ¥, {HBEHLZRET Python i, cron FRIH, (HR2UIRRH 2
B — R T R I T TR s R A A s, BRIEFE TR,

— B T AT SRR, AT AEAERIEES] A— 1%/l Netflix 9 ChaosMonkey
B RE B L T B MO AR 4 SR A0 I IR, 0 M
LN, R AL 2 5 AR, 1530 W LAE IR R & %
LRI IEE TR

10.5 (EREHMEREEITE

Tan BB — MR 21— MR RGP — RSV EA TEBHR
B BAIWEWBAIE, FreAEiofEflER 7, —2Lase TN, BrbA
ENTAEREEE 1. Z AT IEFE A, (B RA I ENMai R IEEsS T—1
BB, BriAeEfImst 7. &Ja, B BIETEH T, EEAEIEE, Brb e
7 RGN RAEK TR AIRMFE IR TATH TR RBIHIE H—L
HEBEFIORE BRI R A AR T . CRRAPR EHE, 2 S e
HmH) AR BB 2GR IR BRI G2 M HB? ) 2 RefF—4
ELR I3 LAKE B AR AT 55 12

A B G RER RG] BERE A — DR R S8, TREI TR A K 2R R0 Ta] g AL A
A RERAR IR BT (WERARIE 2T — P ERey , Xt Ate 2, (BT —
AN AFRVEZE 1Y) . R RN, 5 — MR g6 a2t by
BORHIE— L8774, AUNEE A AR RTERY JSON SCA, & ARG IH B BB N 1
THEH, (R B ARR N — e B R, S — SR OHTEIE K, REia K
LAREE E R G R, ARBEAS IR S A E

PRI BRI AT RN 19 Ok 48 R A BT R—— T R BAE R ST ik 2
VRETERAE B UA . B 4B AT B, IR EAL TN RETHE RS, R
Gt VARt B T7 sORM R, ARt B WS, BERREER — N ERE R4, KM
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F Fabric, Salt, Chef & Puppet, E#E —1Z{lF Debian fJ.deb, RedHat f‘J rmp
BE BT — ML Da LA AR . GRS T — DT PR R B (FEAE
far 2 PR 1R A8 A e ) A PRIE B (B KR T 7T

RS2 B R A — B4 28 IR SERE AR BE . A SRR (4 1A 4R 2
AR — A LR ARG E AL T —2E3E , JR] et 2 A I 5B R 5
Sk B HbE AR, 7E3X B, Pingdom F1 ServerDensity & A FH , — Ml 2k F 4
1) “FEAFFR” BA—MEHB&ED (B, SEARHFR),

TR HOIR LR 45 I BURIRA Y. X AT RERR —E web W I RE R AR
MR, B — MLk, Ganglia TEX T HRL S, lan BF| T —
MEIAZEF BT T —E 2R PC_ EREMT EFrfi+r) LCARS #9310,
AR B R LR AR XX SRR 2 R R
AR BANCALER T RTINS Fa b T 77 &1 HT Arduinos KB4
g (HIRERINT, KHRDMAEE) B RGN R, XRBAMRE
REEN, XHEESNASBSE T CIEET M XA S BRI B A
7 Z A

10.6 = ERUBRAE
TENHEJLATH, FATAZ Parallel Python, IPython Parallel #1 NSQ,

Parallel Python —/MRE#& multiprocessing A3 0, 3R multiprocessing
R ZM— G B Z ZALEE A R B 28R ERE D LSRN,
Parallel Python JL-F- 3% A WHiME, 51— DARER TR TAEMECE . B
SRR IGAF DB F LS, (HRXTT R IEL N MER HATIE 55 R 45—/ NI RY
JRERERERUL, RIRAEZHEH,

[Python FE#F R IRAZE— G Z ML LR BRIV 2583 8 IPython 1E2H
BATHY shell, i ERBOIFITESERERBEAN, WE-IEHFE AR
SR, 1 EHA AR (B0 ZeroMQ) , AF PA B L% L Parallel Python
THfE A% — ki, IPython Parallel [1)—EL R BEFI R AR BE A% N A LR — R (50 )
LSRR — AL (filan, (FH Wik AWS 1 EC2).,

NSQ 2— A HEH AL I AFI R SE, TEIRM Bitly IRFER AR RN . EF
Rk (B AAIRALERE T, AR 55 SRR B M p MLEs BB 1S ) M5y T fie
Pl ERAESRRAEET, X ARGEHM AR HFHRER L&,
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10.6.1 AEHER A ERE(ER Parallel Python &R

Parallel Python (pp ) R FASHIE) TR SERFRENSHH — N F multiprocessing
WD, Rimg W, BEREEAREMNER nap ) multiprocessing #45%
Parallel Python 2R 771, IRAEMEEZ)HIE H—GHLERE—MIEET M 245 ks 17
., REEBEMEA] pip install pp RLZHE,

KATRENS 1T Parallel Python f# %ﬁ%ﬁﬁi‘iﬁ, HUANFRATHE 9.3 5 rp i Fl A<

PLAS P R E——E AR 10-1 7, XA N H5HH multiprocessing Kfi

TRZ2MUUN, FAFE nbr_trials_per process I | — 4TSI,

ﬁﬂﬁhﬁ“f%f?ﬁﬁ.%4 AR . FATREV A P 5 AR TAETT, H TR
AR, ENSB0H .

% 10-1  Parallel Python HJZ~Hh i 1~

1mport PP
NBR ESTIMATES = le8

def calculate pi(nbr estimates):
steps = xrange (int (nbr estimates))
nbr_trials_in_unit_circle = 0
for step in steps:
x = random.uniform(0, 1)
y = random.uniform(0, 1)
is_in unit_circle = x * x + y * y <= 1.0
nbr trials in unit circle += is in unit circle
return nbr trials in unit circle
if name == " main ":
NBR PROCESSES = 4
job server = pp.Server (ncpus=NBR PROCESSES)
print "Starting pp with", job server.get ncpus(), "workers"
nbr trials per process = [NBR ESTIMATES] * NBR PROCESSES
jobs = []
for input args in nbr trials per process:
job = job server.submit (calculate pi, (input args,), (), ("random",))
jobs.append (job)
# each job blocks until the result is ready
nbr_in unit_circles = [job() for job in jobs]
print "Amount of work:", sum(nbr trials per process)
print sum(nbr in unit circles) * 4 / NBR ESTIMATES / NBR PROCESSES

TEF] 10-2 H, AT R T F——X IR FRA TR ZE 1024 AMES51 100000000 RAGH,
K ASE BERER, Fiximiles b, 169217 python ppserver.py
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—w 4 —a —d, @ik aeE A 4 MAEEEES (FE Tan RYEICA M EEVASZE 8 4,
(HRENIAELE 4 MELAE, FrPARANTESE T 4 4> CPU), A B SRR
H&, Wik H SRR EATEHREGE R, M TRE TERT CEBEE R, X2
AR BRERAMCERE RN 1P Hilk, FATik pp B O & HEREE]
g5 4% L

% 10-2  FE5EHE ERY Parallel Python

NBR_JOBS = 1024

NBR_LOCAL CPUS = 4

ppservers = ("*",) # set IP list to be autodiscovered

job server = pp.Server (ppservers=ppservers, ncpus=NBR LOCAL CPUS)

print "Starting pp with", job server.get ncpus(), "local workers"
nbr trials per process = [NBR ESTIMATES] * NBR JOBS
jobs = []

for input args in nbr trials per process:
job=job server.submit (calculate pi, (input args,), (), ("random",))
jobs.append (job)

FEREE B IR EICA R R ZTT, THRRRRAREE T, Hn—Trm, —68 A
B CPU K2 3\ MacBook JLF- 34 #i B —— B 1 DAL 1 1 BE T M v — T4
%5, PR BICA RSN TR, A EZHTAEBRIETT, BrilBEIRSE Ut
R — G BRI A DA IR E KA

X — MR H R R E R BAL S5 @ — IR BT EERE , /R TTREAS
MBEIEAPIHRIE R HE Y (Celery 5% GearMan 1] B2 — N IFAJESE) , (HEXT
TR HBFA S MR, MBS, Eataib R pes B,

pp TR IR 2 B A B S BR A m m p g, IR AR SN (B,
PRATBE 2 g i il — S PERYEATAR YY) Bl iiatlgs , H BARSUEAT 3= 200
BB (pickle) ZiafriHiig, AHEIMGSA LABARMIE S IR Fr i 4t
% .

10.6.2 {&F IPython Parallel 337353

Xt IPython £EHEM S HFil T ipcluster F2R T, IPython A T — A HI AL AR AL
HEEEME D, BARRESTES [ R, 155 ses widfe it Bl imtles b, 2ot
VA B A T RERY, MHEELEE D (MP1) S22 kR, MRS EVLERLE
IPython Notebook % F 71558 K,
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ORI FT B E R UL B R——REESAEAE 55 8 2] — MEAHUEERE PRI PLES , 15
LH, WRA TR, EERERRIILES T, FFEARCERDR, X )
FOLASZ B 7 R EAT . LEHERE PyPy 1217 IPython il IPython Parallel, X~
g AR R (AR A numpy ),

TEF5IG, ZeroMQ B RAE N IH S P EIF, BrUMRTEEZRE . WRARTER M
PREERE, ARV LA GE SSH BBk, WRIRHRE L att, IMaes
&30 SSH, (HANERCE ARG HMNS IR — i—— D RER RN _EI G, 555
LIRS A TR,

WH AR 4 DA, GIFER e T U IIE A Python REAR . IR&21T—
B IERIFRHATI R, RN T IO, ERstLsnk, HEHE T —
ANERESE DM — AR ORGSR . — DO AR R ERER S 15 A
JERRFIZ P o, PRBERR R T 5B R A, fefit T — D EEEA,

FEEICA ML, FATH ipcluster start —n 4 K530 4 1515, FEf) 10-3 1,
FA 1z Python HAGE — 7 Client BERFFIFKATH 4 DAHLT %, FATRELS
G/ cl:IRFAUAA 4 D5IE, BAHE— D RBY T8 — 5% ——apply_
sync RMT—AIT R, AEFRA TR AL T — MR EFAFERESEL lanbda
HiIXA, 4 NFIEP R ST H P — R, HHREIRREAER .

5l 10-3 AT T2 EEH [Python & F| A< 5 [2E

In [1]: from IPython.parallel import Client

In [2]: ¢ = Client()

In [3]: print c.ids
o, 1, 2, 3]

In [4]: c[:].apply sync(lambda:"Hello High Performance Pythonistas!")
Out[4]:
['"Hello High Performance Pythonistas!',

'Hello High Performance Pythonistas!',

'Hello High Performance Pythonistas!',

'Hello High Performance Pythonistas!']

BIEENNTIEZ )G, BIEENETEERE, IRTNTTEA TR AL, BTN
SRR ARG, — A BEAEAS 1T A ST 228 i T B T A8 I TRl 2 6
sync_import FRICEHEES. TER) 10-4 1, FLATRHFEAH [Python M1 4 NIERER)
1% EFA os, HETE 4 MII% LR apply_sync RIHUENIAY PIDs,
RENAOERETA, TN 2158 —4> NameError, AR EEANLE os FHk,
FATHAEME ] execue RAEFIEE FLAEIZFT{EATHY Python iy,
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Bl 10-4  FERER T ARG 2

In [5]: dview=c[:] # this is a direct view (not a load-balanced view)

In [6]: with dview.sync_ imports() :
et import os

importing os on engine(s)

In [7]: dview.apply sync(lambda:os.getpid())
Out[7]: [15079, 15080, 15081, 15089]

In [8]: dview.execute ("import sys") # another way to execute commands remotely

IR BEAEEARHER B 512, FEB) 10-5 IR push iy 1R A& IR SITOR I
ANEAFIENERA TR, AN pull RRBOXLED . RIGER, EHaM
BT EER B] X R

Bil 10-5 I ZRE IR ] 5|
In [9]: dview.push({'shared data':[50, 100]})
Out[9]: <AsyncResult: push>

In [10]: dview.apply sync(lambda:len (shared data))
Out[1l0]l: [2, 2, 2, 2]

BAEE RN GRS —aPlat. Bot, RANTRRIEZHT &R ipengine
FIEEHLERIE Python, FATEM—DTHAPIREI R, IRFHES G AL
#%, BCEA SSHRAVHMRAZIEA,

TEB] 10-6 H1, AT NERQIE—HTE G . —HRLE S A<HOME>/ ipthon/
profile_mycluster H3g T, GIEBIAMIEL B W A #3ZK B localhost HYIERE, T A
Z R H MR R . i ipengine_config.py K& HubFactory, DA
R Z AN R, RIFER, BEMHFTEGORES) ipcluster, AT M FH|
4 AAHE |,

Bl 10-6  AE— 2 AIER R A HE

$ ipython profile create mycluster --parallel

$ gvim /home/ian/.ipython/profile mycluster/ipengine config.py
# add "c.HubFactory.ip = '*'" near the top

$ ipcluster start -n 4 --profile=mycluster

BT RFMFEIEXANEE SRR A RATA ISR . 7261 10-7 b, FRATEEH
scp K4 ipcontroller-engine.json (FEFEAT1/E3) ipcluster YRR EIE) % D13 o s
HL#8#).config/ipython/profile_default/security H3%F, — B3 V52, sAEmfEtles
1247 ipengine, B2 7EERIA H 3% T & ipcontroller-engine.json, AN RIN#ERE T,
BERSE R RO BT B RriHE.
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B 10-7  FE G4 1Y 1R 75 D12 e ARATL A A i
# On the local machine

$ scp /home/ian/.ipython/profile mycluster/security/ipcontroller-engine.json
1an@192.168.0.16:/home/ian/.config/ipython/profile default/security/

# Now on the remote machine

ian@ubuntu:~$ ipengine
..Using existing profile dir: u'/home/ian/.config/ipython/profile default'
..Loading url file u'/home/ian/.config/ipython/profile default/security/

ipcontroller-engine.json'

..Registering with controller at tcp://192.168.0.128:35963
..Starting to monitor the heartbeat signal from the hub every 3010 ms.
..Using existing profile dir: u'/home/ian/.config/ipython/profile default'
. .Completed registration with id 4

IEFRATI AL S, FE] 10-8 HFAT 60 B iE15 53— 175 [Python shell, Al
KRHS DR PSR (4 0 AH, 1 ef), BERNTSEK Python IIRA(F
B—RANe B BRI es b, FRATIEMSHE Anaconda KA, FKATHSH T
—NRSMG I, EATEX ARSI, mELE R — A E) MacBook,

B 10-8 M HHLER 2 ERER —E 5

$ ipython --profile=mycluster

Python 2.7.5+ (default, Sep 19 2013, 13:48:49)

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

IPython 1.1.0—An enhanced Interactive Python.

ié‘[l]: from IPython.parallel import Client

In [2]: ¢ = Client()

In [3]: c.ids
Oout[3]: [0, 1, 2, 3, 4]

In [4]: dview=c[:]

In [5]: with dview.sync imports():
import sys

In [6]: dview.apply sync(lambda:sys.version)
out[6]:
['2.7.5+ (default, Sep 19 2013, 13:48:49) \n[GCC 4.8.1]",
'2.7.5+ (default, Sep 19 2013, 13:48:49) \n[GCC 4.8.1]"',
'2.7.5+ (default, Sep 19 2013, 13:48:49) \n[GCC 4.8.1]",
'2.7.5+ (default, Sep 19 2013, 13:48:49) \n[GCC 4.8.1]"',
'2.7.6 |Anaconda 1.9.2 (64-bit)| (default, Jan 17 2014, 10:13:17) \n
1

[GCC 4.1.2 20080704 (Red Hat 4.1.2-54)]"
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TEFATIOX — e —# . ZEB 10-9 o, FAVEEH 5 AT 5 pi, st
FATHE 10.6.1 T FrAGIREE . XK FRATRE I @require BEM 38 R 7E 5] %
S A random BB, FAIEH A EEGREARIERITG TIEL %S 5% L,
X £ BH ZEAE AN BB B BT A A 45 SR e ok . 3 TR AT A5 DA BT A AR AR SR Ay
& pi,

% 10-9 i FHFRATT A A MU AR T B pi

from IPython.parallel import Client, require
NBR_ESTIMATES = le8

@require ('random')
def calculate pi(nbr estimates):

return nbr trials in unit circle

if name == " main ":
c = Client ()
nbr engines = len(c.ids)
print "We're using {} engines".format (nbr engines)
dview = c[:]
nbr in unit circles = dview.apply sync(calculate pi, NBR ESTIMATES)

print "Estimates made:", nbr in unit circles

# work using the engines only
nbr jobs = len(nbr in unit circles)
print sum(nbr in unit circles) * 4 / NBR ESTIMATES / nbr jobs

[Python Parallel $£ 8t 1 HLAEX JL BT /R 19 Z 2152 I T RE . 57 28T 55 FIFE 3R 1Y
A JE] B MR R FTRERY . B —A CompositeError 2, jXjg@—
NSRRI R, FREREET 2515 LR SR (UERAREE T
RS, IRASERBIZ A EEMENTE) . AIREEZAT%8R, X
wE— A EA

IPython Parallel [1)—JUI SRR AYRFE SR SO VFIRGE I SR R SR FE PR, G
FATEAME T L Hi# EC2 W BkRSs. N T iE—2 X PR ERT &,
Anaconda & 1fi it & 7 %F StarCluster f) 374, Olivier Grisel ££ PyCon 2013 |44
BT —MEH scikit-learn RMUSBHEFF W —AMFBAM . EFH/D
BFP, iR T StarCluster 763 Zhifh ) EC2 IS5 45 Fi# i IPython Parallel
RAHLEF > .
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10.7 ABBEFEHRINSQ

TEAE T, ARG 2 BT IR 2 0 A i 7 SE BRI ER T 58, X2
PN TEVRI SR R B IR], R BRI A AT, G RES s, 4%
ARES WL, BUETEHAMB AT TS R AR P, HAm— TRk E T .
P BAE T ARTIT A B R G — BT Rk ke &, ibA A RS SRR
THRAUR RO AT ar & . RN TEA—MEHEESLNZAE (actor) K
FR G B A Z ——3X 0 AL VF SR B BOEAL AN 2 AL i3 2 B 2 A
ISSIEEAE

BN SRR — A A B R R T Rl NSQ, — N mitkRem i EE TG, RE
ERM GO HWER), (HEREESHEIMMANEFT LR, SR EAREETS
BEIPE, UiTA NSQ HYEARE Mg L ZAERS A& HTTP A #Y REST API, ifMiH.,
TR AR Z AL MAS ROk Z 1514 B . JSON, Pickel, msgpack 4§, LI,
REERZ, ERM TR THEBEARNEARIE, HHEMM TP R A ST
R 7). ST A& /T P

10.7.1 BA%

BAB— BRI R AT 2R oI (T, 4 AR B AL i 4 AL B B 1Y 75— i I
IRIEERIZF AT, BAENT AR B2 AT 8 TAEEORERE . 2447 HH
B Z [BIFAEAFAII, ASITE A U B R o B . PR AR TP, 3l
DUSGE I 745 I 22 0 T g RV R] ZKP- 9%, B39 AR 7P R S5 T e ik
o B, WRATHHTH SRR T T, HEASER, HLRIEIIHHE,
HEIHB AT REE, XRss T RATE B LAY PRIE,

BN, BB AT EAE P AR R A B ol iR R i PP RO IRHGE, 25 P A BB A 44
7o WRFATEA NI, W2 “PE3" WAT BRI “EHEHE" 8,
T ANE AR 55 s IE B T AbBRAERE . AR IRTRIE AT VI8 P B 4 A o ol o
gy, FMTRIHER R S5 de sl AT RE ST RLATIX 635K, BT BESTT Uy, &3¢
HE, WEHEARERNY]

73— 7, AL S5 HE R I, SRR S5 e (5 BAS R SR B 22 AT 55 . — By
07 AT BRSNS, BHERER S5 S A OE 2 TARR, B MBS
UL 55 RAL I, FERXANCE T, AR PR EZ R TR e, i)
A BASIRF 2 ZE0 , X TR A 55 g R U B AT 18R — N Ar—— BN TAE
BRHAZLW, EMEALMIHE, ERAIEE,
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it 2 T A B — P E Y PR R A2 U SR BA B 52 AT 55 FRAS AR 1, B A6
YUEZHHE . NSQ L Z Ml G ik XA — R AT ZHER,
MERIFAENA s BEZRHEIT RIS, JEHE B E .

B

—HR, HAERAG] AG R TARR, REAETARGAL (Flde, AT
U FPOEELEG) AT EF AR 0% ETL—NFEE,
EL R AN AS ST RE S TS 1 3] % KF o1k
89 IR 435 LRGBS RE ) Z A AT, R — AN RAFE) .

10.7.2 RHEATRE

7771, pub/sub (AAEATFFERTAR) ik T HERISEMLEHE . Bl kA0
HREMSHERE KT TR B, TR T P E A R A0 BRI . Toie A i
IR E , B AR BT A I T —— 015 B3 F AR R B A —( sE AR ]
A DL, ARn] DB E G RAR: 152 NRERSTT S E B0RER, TCIe A B AR 4K
fafmf ik, M AFEEGE e eMERE L. 75, RRPWE=EEEAN
HEANEIRACE A SR AR . SR RBUZ, RATEAL] BB AN AR 1T, A1
W2 R AR, AT AE PR Y, ARFRATT B R GRS L

Rtz Ah, NSQ M T HIEHE R FE RN S, IEE, SRR IERE I R K
4Gy, ST op 1< 0 46 B S i O A 1 2 i g 4 € LB T S = S
W RA—MERE RS TR, ESIMARRLLF, (RATMEEERBILEZ 417
PR N THFE R REE S . KA iR AGE A 2 K, BEARE R
TR, TER P HSCERRACHE R ] AR B0 . 48— A A BT 28 B 20
S, XHEEMUHFE A AL, Toie T, ENTR A HITER AT ALE, XA
B R TR R R AL P AR

FATFER 10-1 s AT AR R A A /A B B le . IR —& X T “Rd” £
REGHE R AR T, FramiT s (8, M NSQ HURERYL, BiEiE
—Bltn, “HEART. YEEEMATT, DAK ITET) RHRE B I, BT
— B NE T B, AR B R SEBR AL FE AR TR R O

s ARE—MNHERESBIIIEE . T—REERE N —MNEREIRL, KIKRISE.
FETETE B9 K HURE A T 2 35 3t m 12 36 18 200 S Ak il 2 52 Il B Bl B0 T 2

IR —FRH BB R KA AR L, WHEEIILHENE, F2kES
i NSQ Fn H L BRI IEZEZHIHE , XA TH 985 15 2015 UG A9 K AR
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HE (EFEOR B S8 My 7 R B R ) . 75h, ERWEEFER
W ER (LR A ERFC R NRR) , B AVFHIH 2 EE T &
e, ORISR FF TR T A P AL BEBE . BN, AR FLANT AR “HEART
BAETM A I (R DR AL BE, T B RN EFESK, FATHRES AU 1T 4l
BIE Z R A TH I E M, MBS TIOTES AR, 75— T, g
FMEBRZBABRLT 2R (B, BABIMEREER), AT S I
AT B BRH 283

nsqd B EM
gET ) (CmEE )

L]

I

F

:r 4Te” R
J

.

10-1 NSQ BIAZMBATHEHING

HERIICIE R WA RE A AR R 2 H I E AU —E R HE —E AN
— AR SR, A A R SR, AW R s X A
XARHE R AR TR, T2 A AR, DA U,
BB R AT R T — DB AL, TH A 223 R E— P e e ST XAy 5K,
AR B ERAFEA R R B, 1T A RFI LR AR e, WHH a2 Hea A
(SRS R (-

i EL, e RGP TS . WTAE % nsqd PRGN T e I
A DA VF 28 S B B — N 0T IR L, SRERR YA B 5 A, B L
B TLT, RRGEEEEN, RITATUEIZER 102 d, EERE
BN TART, REFLMEBIOEFLINE, B0, BER NSQ 765 FHE
AR BAEREE TR, RARRE R RUR B T, RIS R AR A
ATREBSE AT Ottt . 5, WIS PR e R — S E MO B AT ML T, NSQ
W AE B E R A, X S A LT, A
S — A R A T B SR — R

O BIATIEMEH AWS TAER, XRFEAM LRSS, FRATREWAL nsqd PR T— MR 6 E, T
HATHIE B TAET IR S Bl R T
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10-2  NSQ By&ELHDIH

10.7.3 HHAEHITES

i NSQ UM —f 2R 1 (5B 8 EXEMZAME), REER—EIE
B, AE FIHEAE A, AT AE— D TR, TAER S FR{E numbers
R, B R A A RCFER JISON ikfIxt 5, 12 REuX A 18, A%
FRENEH, BERIERTR—RENRLCEE AR —A T8, XA A8+
5, primes il non_primes, FCHBI TR AT DATERE L ORMCE 21055,

BANFRATZ BT UL, BOXFERM CPU SRR TAEAREZ AL, Ho, 1%
B T SRR PRIE, XA REXXATIHA M, AR . Joie T, RER
A2, AT Bl AEIfT, X RRE WER—ME R E SR T — e 2
K EAEEET, B—MERER S LF,

oA 13 o B AN LA A BT T B (FTDAZERT 10-10 MR EFE) 1
nsq.Reader X KAIE— AN, RATLLAFHEIIZFT nsad SLFIRIRLE (5
# nsqlookupd S, FAHEART th AL BE] ) , 7 4h, A4 handler,
R AN EREL, W E RS AR, RS, R,
AR T —A nsq.Writer Xt4, FHHBHT A EHELA nsqd SRS AN
(., XEERA TSRS B A nsa (RS, HEEEI L@ SN EE ",

% 10-10 A NSQ 7 XRKETHE

import nsqg
from tornado import gen

from functools import partial

O XA BT NSQ B AR THER I J7 5Ok Ak 0 B i 3 . XEASRATH TS REBTE S 6 M
NSQ HIHER 2 S, 24 R BLTH BN e

Q@ EFHRBHEAR I HERFRAEE L, AT AR — R R 7 ok A FE R A AT 2 Fh R B 04T

Q@ RBAET BN —A HTTP JAT RS A A — 411 .8 TEIRAMA, XA nsq. Writer X RICKFIfb TR,
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import ujson as json

@gen.coroutine

def write message (topic, data, writer):
response = yield gen.Task (writer.pub, topic, data) # ©
if isinstance (response, nsqg.Error):

print "Error with Message: {}: {}".format (data, response)

yield write message(data, writer)
else:
print "Published Message: ", data

def calculate prime (message, writer):

message.enable async() # (2
data = json.loads (message.body)
prime = is prime (data["number"])
data["prime"] = prime
if prime:

topic = 'primes'
else:

topic = 'non primes'
output message = json.dumps (data)
write message (topic, output message, writer)
message.finish() # ©

if name == " main ":

writer = nsq.Writer (['127.0.0.1:4150"', 1)
handler = partial(calculate prime, writer=writer)
reader = nsqg.Reader (

message_handler = handler,

nsqgd tcp addresses = ['127.0.0.1:4150', 1,
topic = 'numbers',
channel = 'worker group a',

)

nsqg.run ()

O AN MACE R G A — A B, AR AR R R Tl S .
@ EdTEIHE LA async &L, FATREBAEALTEIHE R AT A0 1 A
® fiiff] async-enabled {5, ATIEALBESEIH BT U4 NSQ K155,

NTRENSQ ARG, HANFFEAMLE LFE—4> nsad KL

$ nsaqgd
2014/05/10 16:48:42 nsgd v0.2.27 (built w/gol.2.1)
2014/05/10 16:48:42 worker id 382

2014/05/1016:48:42 NSQ: persisting topic/channel metadata tonsqgd.382.dat

SR T 1EBAS

269



2014/05/10 16:48:42 TCP: listening on [::]:4150
2014/05/10 16:48:42 HTTP: listening on [::]:4151

WA, FATATAESh AT P A R % 1Y Python AAESAYSER (9] 10-10), 58 |,
AT DALk X e S iz A7 fE HA v AL, HEAE nsqg.Reader SLfIfLHXT
nsqd_tcp_address BJ5|HEAER, XEH R ERERES] nsad, FFERFX
F numbers F R TH BB &1 H K,

el KA F] numbers T EARZ ML, A TR EE— RGN T XEE
—B R AR A PR SR A AL B, FRATREE fr 4T T HESRM, FATAT A
AU HTTP #2145 EAE RN R .

$ for i in “seq 10000°

> do

> echo {\"number\": $i} | curl -d@- "http://127.0.0.1:4151/pub?topic=numbers"
> done

XA THIRIB AT, FATLAAR R AR AEH H A B 45 numbers 7, R},
FrA B P E T IR RS R, RENEER WIFLHE TIHE. 75b, X
BE s K% primes 8, BRI non_primes F8, X VIR HoAh ) HdE
TH P TR B 2 U A — R A5 8] — M BE TR I an Bt i 14 . I,
— A HNF RN T AR ERE] primes FEIMEZ A HIMRECKIEACH
i, FATALAE L ] nsqd ) stats HTTP kg SR WA FATI2FAPIRE -

$ curl "http://127.0.0.1:4151/stats"
nsqgd v0.2.27 (built w/gol.2.1)

[numbers ] depth: O be-depth: 0 msgs: 3060 eze%:
[worker group _a ] depth: 1785 be-depth: 0 inflt: 1 def: 0
re-q: 0O timeout: 0 msgs: 3060 e2e%:
[V2 muon:55915 ] state: 3 inflt: 1 rdy: 0 fin: 1469
re-qg: 0 msgs: 1469 connected: 24s
[primes ] depth: 195 Dbe-depth: 0 msgs: 1274 ele%:
[non primes ] depth: 1274 Dbe-depth: 0 msgs: 1274 eZe%:

FATHEX ) LREE 3| numbers TV — AT [H2H work_group a FlI—NE#RE . Bob, 1T
FZHA — A 1785 ZZIHEMRIR, XEIRERITEHERA NSQ Ry A I
TIRBIE A PRRHE , XA RIHEIGIIE Z I, XA A S 2 1A 2 AE
JIRRXIEZREE . T H, FATTAEEX MEERHSE CEER T 247, B4
AEPRT 1469 Z7HE., T HM4HIEA 1 4 EIEELIE S, XS s T RER
FORTRIAIRE NSQ & )5, FAMIKFEF primes Al non_primes T, BEANLATT
FIHE A ETE . XEREHEN SRR ERE — T T E R R,
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EAFEGT, hEEEEA Fmik ke LA nsgadmin, ST
— A web B0, BAREmEGE T A 85T HVAECE %A e
. BN, ©ARIGFREZ D ASVA BT IR o T8,

R T EFEMAE XL, FATRA primes 8 (80 non_primes) A& —H1H
P, RREGERAT RIS BCE R . 53, AT LA nsq_tail TH
KREEBIEEE TR NE .

$ nsg tail --topic primes --nsgd-tcp-address=127.0.0.1:4150
2014/05/10 17:05:33 starting Handler go-routine
2014/05/10 17:05:33 [127.0.0.1:4150] connecting to nsqgd
2014/05/10 17:05:33 [127.0.0.1:4150] IDENTIFY response:
{MaxRdyCount:2500 TLSvl:false Deflate:false Snappy:false}
"prime":true, "number":5}
"prime":true, "number":7}
"prime":true, "number":11}
"prime":true, "number":13}
"prime":true, "number":17}

108 FH—THMMERKIR

5 BAS BT 55 AL BE AR 52 3 AT AR A Uk T S AR ATAE T, B2
ARG M HA VA5 T B g B a5 R AR Z S, P RE
RERSTESEMFIC B O o FRATIREERA VR — 8 A BN X B A, S0FF
VRETTR B A R R RS, HLA R BB

—EAAEZ AL, WARS LB R E R oLt 2, AR i IR 2%
0], AL PRAETR O AR TT ST, T BRACIE B i IR AR Y F Ao A — Ll el B il
SRR TT 28 <

Celery (BSD 17]) J&— AN 4070 X0 B2 i 8 12 68 I i S 2541 55 B
5, Fi Python fIF4RE . ‘B3 #F Python, PyPy, DA Jython, 7% & i
M) RabbitMQ EAIHEMRBE, [HR2 1 Redis, MongoDB 1 HAth i) 77 fi# &
%, B Web P& H i, Andrew Godwin 7 12.6 Frdifig T
Celery,

Gearman (BSD #7]) 22— 2 PEHLF AL, WRIRIELEM AR
BAREWAE TS, ©RIFFRAMK, E©RAX Python, PHP, C++, Perl
PARHAM A ZIE ST HIRE .
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e PyRes 21X Python AT Redis HRRFAVL S E B . ISHMLSSIE Redis
AIBAT R, BB T R B EAT], I HIE AT 45 RAE— R A o %
%, WARARRFE R R R A H A Python, B2 —MENEARARR
] B AR L

o W TEhAYfE EABASI IR 55 (SQS) R4 ML L. thifk Web AR 55 HY— ML AL PR S
155 MR E L REBAFAET AWS NAREGEE SR, XA SQS JHBIfH 8, IF
HICRRBER A . MFZEFAEST,

LMW T numpy ALBE, (HUZiXJE—ANFE Python tH A i AN &
J&, i@ distarrary fl blaze fl, Enthough 11 Continuum #{A i %,
X SE AN A R AR B R A RN B SR A R S AR AR (A — A E A TR R DL
RIS ), BT AR BAR T RE S AR AR B R0 11 sy A B 77 2

10.9 /gL

AL IR, FATCEER] T METR PRV ARD Fs T E R, wifIt
A numpy HAERIGHIGFTAFE R, AL AR R X 2 RN 2 AL TTiA
TERIRCE — 5, BAOTE 212 Phidd AR AR5 R T BOR (1 3> RAM
A7k IXLEHRE R BN R IE AT A B i T — Bl L, AR A TasfT 8
HI# K.
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FE11E

fERAEDH RAM

IEFEAREZ FIRFRER O & T 51 (2 &

o N ARILMEMELH RAM?

o At numpy Fl array Xt EGE KB T A 2

o ERHEVZ ORI IE RAM?

o FRIKAMATRESLAL A — Tk (GITfelity) 143 12777
o fHARMEEIIE? A2 TRETEEN?

FNMR D2 BERINEAEME A Z /0 RAM, —HFHEEM A1k, BRIREY RN
W 58 T AAE, Bl B — R RS . ILEZ RN — S LA
i) RAM FEIRE DRI EAE T, I HAIR— A0 Aok S SR I H ML A
TR 2 RAM BIVZIE 1T HL2% RS A R0 T 3R o X I ik 9 e A B T4
AEBRY R Y 1)

73— MATL) RAM B A2 60 28 as R AR AR B BAR R R A T IR 4. FEARE
HAVREER ties W CHFRIMEIREE) M DAWG, J5HREWIL—1 1.1GB 19F
FrEp R E KA 254MB, L ABUEYERE. 5 = Fhad el ] 25 18] R A
PEMOSE e, XTF XA, WATHEBLLTEAGT LA IR, TN
PRSI SARRBD T RAM B

XA 255 S8R — il "R AR G, SR, ok
18, WRARRER 3 T A, IRI R ] RETHFEIS R, IV EER L L
BB, i B2 AR AR R A7 AR RZIL B AL
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fefgrp (BN, — MR IKEh el — MR R AR LR ), A B MEBLZHY
HERAL PRI . BRI R A E R BAR A, XRERE BT A SR #R RE RS
MA—EHLEH

Xt Python XF 5 B i I ) RAM BAGETTIRFA5- A N2, AT IIEX RAEH 5
SRR, AR TERBAER G 78, BRI B gh vt
PERI R, TEXPIMIEOLT, FROTEARER AR B BMAY Python XF4 5 ]
RN BRI AR Y,

PRI — SERF RN TR BTN T 0 B B 517 (B ENeE T e il
Wit H R AAF DRI SNARIZE ), X 8 — PR R M s Ol . FEA T TR %
77 IR REAE TR B AT R SRt i 77 ORZFORFA TR B, ek B T3 i
RAM,

1.1 EfRBPNRITHES

HAAMEE LA ETHEMUT list WAETRTIERERN ., — B RE
&, RAM RIS T — AL

—/NHA 100000000 T HY list KA ZE I EE 760MB, X 2 7ER 5 BT A 55 B R 24 5%
SHEIHE T, WRIITIERE T 100000000 MAFEIR (Fla0, ME—r%%r), IBaTk
TS B H GB &4t RAM | & — P ME—RX REHE — NI

T 11-1 o, FRATE—A List HfEfE 7142 0 B4, SRR T 100000000 4
EEXMERGIN (RIRMNRIEGIEZR), Rk BREERIRY) 7T60MB BN
FH, ER list FEREEXNRIGIH ORRXZRFED), FELSET 2.9 3k E/IZ
ERHME ] memory profile; fEiXH, FA1fEH%1load ext memory profile
RATEAER—1H7 B BEVE oK B Z8 A TPython,

Bl 11-1 JEAE—A> list A 100000000 S ] FE LA A 7768 1)

In [1]: %load ext memory profiler # load the $%memit magic function
In [2]: %Smemit [0]*int (1e8)
peak memory: 790.64 MiB, increment: 762.91 MiB

ST A, FATEMN—D2H shell FiG, BUAFERF] 11-2 %t memit B8
YR BT B AkE, — 430 IPython shell KZJJHAE T 20MB 1) RAM, T
XK, FATATAGIE—AEA 100000000 ASHE—ECFPIIGET list, XS AL RLEFE
3.1GB,
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(T

&
FEBATH AL, A AR RE AR, PTL AR memit 347
[~ B, Jtikd B F B Python shell &2 246975 X..
TE memit A4 H G, IGET list BREAL T, ANt memit WIE A 2R 978 45
VAYE R 2y 2.3GB,
| =)
FEIEIE R Z AT, AT 4 Python #4238 2 7T 48-81% 4+ 2.3GB #9 RAM?
| EESGTHLAA®T Y, B list LRI ERKERPET?
\

B 11-2  JUE—A list H 100000000 /A [7]EL 5510 P9 15

# we use a new IPython shell so we have a clean memory

In [1]: %load _ext memory_profiler

In [2]: %memit # show how much RAM this process 1s consuming right now
peak memory: 20.05 MiB, increment: 0.03 MiB

In [3]: %memit [n for n in xrange (int (le8))]

peak memory: 3127.53 MiB, increment: 3106.96 MiB

In [4]: %Smemit

peak memory: 2364.81 MiB, increment: 0.00 MiB

100000000 EEHNF R 46 T 2.3GB RYZE RS>, BIEEN TR T, Python
GAF T RMBRA RS RN LS . fE—1> RAM AR RGEH, XS
AL, BT AR I R B X LR R A AT RE S R E AT P

TEB 11-3 H—ANJE 22 memit G 15— NS4 100000000 Jif list, {HFET K
2y 760MB, FEX A EEELE AR 5 H TR Z1iAE] 3.1GB BINAF /L. 760MB F A
fFEaREr i, OAJRZRY Python BEECH R C AP E——ENTEZFH, XARA]
LA A

Bl 11-3 FRRIETE— list HHJ 100000000 A [l HE B A7 ]

In [5]: %memit [n for n in xrange (int (le8))]
peak memory: 3127.52 MiB, increment: 762.71 MiB

BT ORTNEE BN TS array BUJORLATRAEHMAOT 207 100000000
AL,

Array #EHRIABRITHI 7T XTF6E T 1T SRR

Array BUREOBIERE T ROTREC I ABRMFRRIRER, (A A
#E. COET —ELI RAM JORRAFIZBUR.
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TEGI 11-4 Hr, FRATTHE 100000000 HEEL (BAS 8 F77) A ECE— AN ELLRI AR,
SR L, HERRRZNEFE T 760MB, X5 2 2 il ME— BB R 1 T [ 22
B2 2300MB - 760MB == 1.5GB, X&— X% RAM BEKTT4,

B 11-4  ¥yE—AM# F 760MB 1) RAM A 100000000 R4 %4H

In [1]: %load ext memory profiler

In [2]: import array

In [3]: %memit array.array('l', xrange (int(1le8)))
peak memory: 781.03 MiB, increment: 760.98 MiB
In [4]: arr = array.array('l")

In [5]: arr.itemsize

Out[5]: 8

HRETE array FHME—SFEARE Python X142, BAIFE array HREFET, WHRK
TTERES IR ENTHAER—A, IRA—"DHH Python int XM RAF PG, WIRIRAR
BARENZ LRMOTE, ASEARE LTS, B2 AR IREEHCAA 4 —
AINERBERE B UG — Lo, ARBOZAE BIAH HO G — DRy 1ist ok, K
KIATE)T RAM,

FE

4o RARIEALF Cython f2—/NRIF IR KIFT4ES ETIE, FFH
PR AR ZAT numpy #9IEARML, REEARTT vAJRAR 09 L3 A — A
array ¥, JfegtEit Cython kML R, AR A BN M A 4.

array B — A REA S MAFRER datatype £ GEEBI 11-5) KT
VB, BEFART R ER/AMEEE, XEEIRM & UL HR 2 RAM, A2 7 BU 7
SREZ M) RAM, BT/ NEF MK —X BRI NS % 32 i F &
(BRI THR/ARST), MENARIE—G 64 AR EICA Bk a7 6l 71,

B 11-5  F array SR TR LAY EA LR

In [5]: array? # IPython magic, similar to help (array)
Type: module
String Form:<module 'array' (built-in)>

Docstring:

This module defines an object type which can efficiently represent

an array of basic values: characters, integers, floating point
numbers. Arrays are sequence types and behave very much like lists,
except that the type of objects stored in them is constrained. The
type is specified at object creation time by using a type code, which
is a single character. The following type codes are defined:

Type code C Type Minimum size in bytes
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'c! character 1
' signed integer 1
'B' unsigned integer 1
'u' Unicode character 2
'h' signed integer 2
'H' unsigned integer 2
it signed integer 2
I’ unsigned integer 2
1 signed integer 4
'L unsigned integer 4
£ floating point 4
'dr’ floating point 8

The constructor is:

array (typecode [, initializer]) -- create a new array

numpy HAREWEFEA ¥ 2K datatypes B

VRSB — TR 3 B AR

AHEZHER, 5T BARC R A Z 2 datetime 3R, —4> complex128 Xf
ZRMEI 16 AT FIUE— 8 PR R . RABETE—> Python ¥4l
AR IR SR, (HREANITE numpy H2 B BT, WRIRZ—4 numpy (Y
BT, BEEEES 6 =,

TEG1 116 1, JRAEE L numpy BCALAg 5 — M

PRATAZE IR IR R,

EARHR RN AR R)Z RAM BG4 77 fiff B FERX AN L3 Python X R AYTT
(SO, MR e T RBIRN S, XA RER),

B 11-6
In [1]:
In [2]:
In [3]:

TE numpy $UH HA7AE T 2 1) 2 422

%load ext memory profiler
import numpy as np
$memit arr=np.zeros(le8, np.complexl28)

peak memory: 1552.48 MiB, increment: 1525.75 MiB

In [4]:

arr.size # same as len(arr)

: 100000000

: arr.nbytes

: 1600000000

: arr.nbytes/arr.size # bytes per item

: 16

: arr.itemsize # another way of checking
: 16

fEH—DEMA 1ist £ RAM HORIFHFZEF A — 1 array XFRERK
"2, WYRAEFEZHNFIEC, B REERIIE, RN R Btk Tis
B G AT AL B A L T2 R RAM, X al ] - HARAE ) RAM

BEAT .,
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Jeie iy, WRRAE Python fY array WA LMUEM TAE, HASRA R GERIEHL
G XSS, HRIH T ENTRILET . R0 A A8 A5 I B AT 24 O A R 2
array H—MRIEREH 753

WRARIEAEME R85, 2 numpy BALT-HE R — D EAFAYIESE,
PRI 2] T B2 1) datatype BESUMITF 2 Ll i BRIE ) s AL, AR VRAEZSE VR I
FA SRR, A7) REEEFREETT numpy, R4 Cython #I Pythran Jf] array #ll
numpy 2 AR TAEFG4F. Numba HA] numpy %415k TAE,

Python 2t T — LA T H RN, SN ZAE T —T P EEIR
Ao

11.2 BfEEE&+R RAM EH

PRITREAB SRR R A RS TTSR Python TG AXH L P RAM /b, Python
[y sys.getsizeof (ob3) M & IFHA 12 T G B7 IO I BL (oK
AL AR SR TSN ) . AHARDART B8 it , TP AdRME— FER
SUIRITIE X T A RIS R

iEFA T EH L E R 2R AT 4R FE Python HHRY int B— A8 R SFHIRXT 4,
BRIET AL, WRRITEEET sys.maxint (£ lan {Y 64 (72104
BN b, SXAME L 9223372036854775807), ‘B RL A TEAR Fy— AR HLE

VER—EABEE, E 5 24 79 (MEAEWZITE) s N KRB, Bl
36 7T :

[1]: sys.getsizeof (int())

[1]1: 24

[2]: sys.getsizeof (1)
Out[2]: 24

[3]: n=sys.maxint+1l

[4]: sys.getsizeof (n)
Out[4]: 36

FATHTLARS byte string FEIFEATRRE ., — D2 FAFERIEAE 37 7, B DZMK
TP T 1 AR .

In [21]: sys.getsizeof (b"")
Out[21]: 37

In [22]: sys.getsizeof (b"a")
Oout[22]: 38

In [23]: sys.getsizeof (b"ab")
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Out[23]: 39
In [26]: sys.getsizeof (b"cde")
Out[26]: 40

BIMEH AR, BAVER T ARKERN, getsizeof WHAMIIRKINE
TR, IUBURSIR B BB . — PRI 72 517, £ 6 64 (B ILA N
L, pEPR eI T 8 MBS

# goes up in 8-byte steps rather than the 24 we might expect!

In [36]: sys.getsizeof([])
Out[36]: 72

In [37]: sys.getsizeof([1l])
Out[37]: 80

In [38]: sys.getsizeof([1,2])
Out[38]: 88

TSR FRATHE A byte string, XFLEHE T—RMTHLEIREE| L getsizeof Arif
B BEREZ .

In [40]: sys.getsizeof ([b""])

Oout[40]: 80

In [41]: sys.getsizeof ([b"abcdefghijklm"])
Out[41]: 80

In [42]: sys.getsizeof ([b"a", b"b"])
Out[42]: 88

getsizeof LU T—MATFH, BAIULRMRHIFH, HUIZ MR
TORE, ARSI T H0, B OATT MAFE A RO .

—MREFWEFN THRE asizeof, BLlIAGHZ LM ITXE R A I
BT R MO AR, SRR/ TR R E R A 1,

B TR T IR Z A, AR RN (B, — T C
JRAREH T RE SR A TE C P BT I P80 o SREFEE RN — MRS
FAMIE 1) T memit, RGBS T HATLE ML LAY HER Y A7 T

PRATR FroR ] asizeof:

In [1]: %run asizeof.py
In [2]: asizeof([b"abcdefghijklm"])
out[2]: 136

AT AR A X — A RIIR i il ——X B AT 65 100000000 EE%L

# this takes 30 seconds to run!
In [1]: asizeof([x for x in xrange(10000000)]) # le7 integers
Out[1l]: 321528064
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FATAT LA ) memit SEAF HAR A KORBAIEX MR, TEXMIELT,
Wy AR R AR .

In [2]: %Smemit ([x for x in xrange (10000000)1])
peak memory: 330.64 MiB, increment: 310.62 MiB

asizeof —RE MM memit RAFHIE, (HEBIRDPT/NIRES, asizeof 2
ATLAM LRy, memit W] AERTECSE AR FRUCE A AT, BN IR A SE R A
SRR R, AR kA,

11.3 =90 Unicode By37EL

33 Python 3.3+)— "4 A5 RAVEEHELE EXT Unicode X AIFMEIHEZ
TE Python 2.7 Wi/, WFARFEZELAIFZF5FH, HHENZHE TREZ RAM, —
TE B [BFEFSF Python 3.3 1, XFERILAXT 28 S 5] T X RAM 754,

TEG] 11-7 1, FfTATLAF ] 100000000 NSRRI B R F RS (X 5T
Python 2.7 FEGHHLAT stx FIR) DABBHE Unicode HIXT4:, Unicode A5 fA 4
FIT %k 4 f5H RAM, 45— Unicode FAHEER TR ER AR, T AEE
RIS B 5 4 AR R 2

5] 11-7  Unicode X} % 7E Python 2.7 H 24 & & Y

In [1]: %load _ext memory_profiler

In [2]: Smemit b"a"™ * int (1e8)

peak memory: 100.98 MiB, increment: 80.97 MiB
In [3]: %Smemit u"a" * int (1le8)

peak memory: 380.98 MiB, increment: 360.92 MiB
Unicode Xf 4y UTF-8 % fd K44~ ASCIL SFAF 68 Al — 577, WA LERY
FRHEN T HEZHFT, Python 2.7 JH—1> Unicode #4741 AH [/ £ & 1)
T, A ER L, WERARNT Unicode 4% A1 Unicode X 52 B X L% A
848, B4 AFEE Net Batchelder ) “SLik Unicode, &2, LW ALK
TE? 7

M Python 3.3 FF4f, £7%5 T PEP 393, FATHEA T R{EHY Unicode Fir, Bt
FEFAFER TP AL L, FF HUR AT RE A B /D B 5 Bok 2R EARB I E A7) 7 =X
kT AE,

TEG 11-8 H, ARA] DA LB 5 A TF44F1 ASCI 451 Unicode MRS T4 2 —FERY,

I HAEH T 9E ASCIL BF4F (sigma) [UN BRI F T AF——X b2 X Python 2.7
HH 58 8 B
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5l 11-8  Unicode X} ¥ Python 3.3+H Bt it # IG fE

Python 3.3.2+ (default, Oct 9 2013, 14:50:09)

IPython 1.2.0 -- An enhanced Interactive Python.
In [1]: %load ext memory profiler
In [2]: Smemit b"a" * int (1e8)

peak memory: 91.77 MiB, increment: 71.41 MiB
In [3]: S$memit u"a" * int(le8)

peak memory: 91.54 MiB, increment: 70.98 MiB
In [4]: Smemit u"z" * int (le8)

peak memory: 174.72 MiB, increment: 153.76 MiB

TE Python 3.3 ERiA Unicode ¥R JHIIR T, WNRIRIEFZFAFREHE ET/E, RJL
FHESZm TN, SRBER) AT R — 2 SRR 7E R3] Python
3.1 HAMEE R ) — ARG, (2 B7ER#E PEP 393, XEaANE— i,

11.4 S3u7E RAM REFEFEIF A

o A SCAS B — S B RS2 B A T2 RAM—— (B2 AR B A TR i —
THEAVREAEZ B E S FAF B B E AR BRI TR, ABALEENITE RAM H
AT EAY, AR ENIABEE R EH T, LA B R T A A5 2 AU & 5t
[, 1B42 trie MR M) IR LR ] (DAWGS) REFSHE IR E4ERREAT, ST
SAVFIAT PR A A o

X AR R BT RAM R &, ;X ERE IR AT BEA T 228 e 2l
H2HMssas B, XA RGA ERWAE, FEARTH, FAPHERF tie BER
g — A a8, MR 1.1GB T2 254MB, MAGETERER AU

X FAXAE T, AT MLER G R e i R 2 ok XN E G T 8545076
MME—IFFS, R B TRIBE4EE AR —ER 0, FERG &L B 5 T 111707546 (111MB)
%,

FF2 MNEATE R CE E AR, ENEEATARKER, HFEAET
Uncode A7, EATERR G .

faddishness

'melanesians'

Kharalampos

PizzaInACup™
url="http://en.wikipedia.org/wiki?curid=363886"
VIiliIa),

Superbagneres.
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FRATRF 83X A SCAS - A 0 TR AT T 40 0] R B b A 74 A 1 P — B ] S 451 1)
BAmLEH, RIGHATIEE B WA RE LB H A 1) A9 B3] (FRATTRE6E A3 LY
“Zwiebel”, ¥ HTHZFE Alfred Zwiebel) , XiEFAT A ], “FATARI T Zwiebel
o 7 fF5-F e —MEm a8, ZRRE P R 2 A,

=

YR ARG TR L2 XX R B0, ZEBRTRIAE TR
I, B BEBALR G 7 XMET O TRHGLEMN, HE IR LR
T T RA T M MER I, M EARRKENF TR mEN
B, R EA R G T ik RN K

£ 800 ANMFFS L2 ER X

B 11-1 2R T — A8 A7 T 800 JT M S ISR (11IMB JiR%EdE) , X
ARSI R BN TTEATT PR EHER . X lER TR A8 RAM (RIS OL, ¥ IR
R T ATITE], B RAO NS S BTERII RN O CERIREIREEEA) .

NPT 5K E 2 b B e WA AYARHE , set A1 DAWG B -6 T2 RAM, List
[ F P AEFFBS KM L. 18 . Marisa trie B0 HAT trie #4961 75X X MRS 2 i
ARHY, ENER T HARTTEN > Z —H) RAM, [ LF30A B A L

748545076 MT S IR ERIMA/N TR E Gl igsF)

0.025

list_bisect
0.020

ri\N% as

9.015

Marisa Trie
0.010

EHRESE (F)

HAT Trie
0.005 @] DAWG
set

0.000
] 200 400 600 800 1000 1200

FRARIRAM (MB—t/\iggF)

11-1  DAWG #( tries ft EE S s56IXILE
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BB B R BOA P IR B List YA, FROTH S BN, B
HELFRRBRAT ., datrie WPl TRAELE TS, HHES™E B
w (HMELEL LM R —TLS HA XA, e TIER, ERPE R
B0, (H2ERETE I J0 VR A ] B ME AR AR R A TR, R R RE H
IR, FrbMEHEE AR, ER2RM 5L, IR ZAE R £ B
R E .

THTE LR AL A A ] 22 AN [ 1 7 25 R A R e )
Bz At , BIANFI R (A FT APT B RIGTE.

Bk, AT E— AR I SRR TR .

B EEA AR R

1. list

RN R R IR G . AT SRR S — A List o, BE A
— 0 (n) MR ZRENE, RATARETE QLR BT M RBG] 7 XA f—
BRI T RABIS E——Fr AFRA TR — A/ MEZ BB T (499048 DAFE) K
HRETS.

FER PRAEE B, FATEE A — " /E4F text_example.readers,
FH AR A ASCHE Al ERH Unicode £75 IXEEMRE BEIGIEAR R A TARDERY
RAM:

tl = time.time ()

words = [w for w in text example.readers]

print "Loading {} words".format (len(words))

t2 = time.time ()

print "RAM after creating list {:0.1f}MiB, took {:0.1f}s".
format (memory profiler.memory usage() [0], t2 - t1)

FATTRTBEAE DAL PR3 AR ) B X A5 RIS, PR, FROTEZ RS —4
BARAEBIRATO)SCAH BAFRATA RN HEE B RE., AT &R
B, FAVEH timeit Sfexf B AR BRIR I TR &4k
assert u'Zwiebel' in words
time cost = sum(timeit.repeat (stmt="u'Zwiebel' in words",
setup="from main  import words",
number=1,

repeat=10000))
print "Summed time to lookup word {:0.4f}s".format (time cost)

FATAIH AR K2 SOMB, 8 H SRIEFE SR SMB B SCEEE A — ARk 764,
BRI 2 86 ).
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RAM at start 10.3MiB

Loading 499048 words

RAM after creating list 59.4MiB, took 1.7s
Summed time to lookup word 86.1757s

AT — AR 1ist Blme— MR £, O (n) BRI HE
b iy, WA BRI, X2 B A 1 O R R |

FNTREMS RS 11 st MR AL i@ L bisect BUBRME ] 7 A Pk Biult A 4k it
[l X FRERAEIRYE, X4 T HAN— AR, 126 11-9 HIATHER
GNP A R HEAT IR . FEX IRV S R R A 854506 MFSHIES .,

Bl 11-9 X4 T bisect M HUE 2 AYHEFF B /ESEAT VI
tl = time.time ()
words = [w for w in text example.readers]
print "Loading {} words".format (len(words))
t2 = time.time ()
print "RAM after creating list {:0.1f}MiB, took {:0.1f}s".
format (memory profiler.memory usage() [0], t2 - tl)
print "The list contains {} words".format (len(words))
words.sort ()
t3 = time.time ()
print "Sorting list took {:0.1f}s".format (t3 - t2)

P RINVE AR — AR A &3, (2B index J5ik, BHEMT

bisect:
import bisect

def index(a, x):
'Locate the leftmost value exactly equal to x'
i = bisect.bisect left(a, x)
if i != len(a) and ali] == x:
return 1
raise ValueError

time cost = sum(timeit.repeat (stmt="index (words, u'Zwiebel')",
setup="from main import words, index",
number=1,
repeat=10000))

TEBI 11-10 H, FATE S RAM B FEARTBERAG 2, TR A B B 2 3t 1o
ZWEHE, HEFE—b AT 16 70, MRITAERIFEIALZ 0.02 7,

Bl 11-10  XHE—DHEF I E B bisect HEATT
$ python text example list bisect.py

RAM at start 10.3MiB

Loading 8545076 words
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RAM after creating list 932.1MiB, took 31.0s
The list contains 8545076 words

Sorting list took 16.9s

Summed time to lookup word 0.0201s

BAERANTA T — R FAF R HIT I A A B 2K RAM i FLL BT T 932MB,
7 BB RIS R % EE 0.02 FREE /D,

2. set

A AER set BRRSIFRABINNLSF AR ENTIE T EF 11-11 #,
set FE—MHIVEHFAFiE TR TR (WRIRHREERE T, I5EH 4 5),
A R RN, (RN FRFE LI, £ RAM _EAUH & 5,

(I 1111 A set KAE (AR
words_set = set(text example.readers)
SLANFRATAEG) 11-12 AR BT LAYTAREE, set H List (I THZH RAM; FTianfd,
B4 T HRMN—DHEREPGERN AR, AT ZE—NESMY index pEEE — P
A HE P A

B 11-12 547 set BT

$ python text example set.py

RAM at start 10.3MiB

RAM after creating set 1122.9MiB, took 31.6s
The set contains 8545076 words

Summed time to lookup word 0.0033s

WAR RAM ARG 5%, Rl G2 i G B B T3
SR, FATBAE Q2K T RORBARAIF . AR XHR 2 EERY, S Rn] A

PR A A T L B, R ME R AN R B BEBUB P A R 3R 5. KA,
PRELRE R T AR B AATE, HHEREERIL.

3. EFHIRLEH

AN —HE S H RAM SRFERFERF R EE,

S EH4EE LS RIERE 11-2 BART 4 ANEIETE trie HPFD DAWG®‘:F'EI/‘J$|§J%§E—<:
“tap”. “taps”. “top” Fl “tops”, DAFSA & DAWG HJH— &R, HH—4 list

B set, XLERATA AP RE—NEME R — DISLEFAF R i . DAWG Al trie 43t
F AR AIERY, FreA 28 RAM H /D,

O ZABIFIE RTHEETLHARREN (DAFSA) HIZERSCHE, DAFSA /2 DAWG 95— F%, [
WA P ok T 4R L SRR
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Hewi 4

DAWG F trie #4f () EZ X HI1E trie BRI AILHIZE, X1 DAWG =438
REMD IR Z

MEH, EARZ ALBRIFFEAERIES T UERIE), Xk
A,

R AP R IR TR RS . AR, —4> DAWG AR BE—MES
i, X TAFRFER IR RIS R Z R 2 2k B8 42, (R RRTEiX B IS RES
R MAWGT, Trie B tLEEHUL—AME BT A LA AT ATEI IR A,
SHL A ) DU R A AT FR i BT

XL — BRI eIt T — A IR SHR R, A2 IRl AR S
PRERUER AT SO Rl B BT Ay ], I FRATTAY 4 DNERGAISIRR, MR “” W, 45
g “tap” M “taps”, TIH, WEAAXLLLEREE T EZ P KB, RIEEA]
RARPUER, FIIn, WERVRIE T/ET DNA 51, 6 trie 6 4a % 7 i 6 Bim
B RAM ] B — A 2007 3K,

11-2  Trie §{F) DAWG %543 (®H B Chkno 124t [CC BY-SA 3.0])
TE BN H, A1 E—F DAWGS, trie SR,

4. AEFLIREIFE (DAWG)
ARTCHE (MIT $240) Ak R0t 3R 32 A RGN 77 8

B 11-13 1, ARESFEFX DAWG WAR R R E . X TX 8, DAWG 7et
BIEARERIBN, BT AR RIEEE O, S0 IE Y JREHT ] RE
R 5 e o2 — AR AR 2R, P RETR LA 55 A trie BOREUACE,
DAWG IR SCFEE & WA, SRS ER. BWRrRath, I H SRR
R5UWENESFAT LOLRE Rk,
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5l 11-13  {# ] DAWGI S fEfE %R

import dawg

words dawg = dawg.DAWG (text example.readers)

WANRREREAED] 11-14 FETE WAIREE, T HFARFAFEE, BEHZATHY set
Bl BULRRU T — 28 RAM, SRS A SCAR N 7 A B SR R 4

% 11-14  {# [ DAWG R4 1

$ python text example dawg.py

RAM at start 10.3MiB

RAM after creating dawg 968.8MiB, took 63.1s
Summed time to lookup word 0.0049s

5. Marisa trie #i

Marisa trie # (LGPL #1 BSD AU%AL) 2&—M# A Cython 45E SN FRAS trie
B, BB RESH, EFEEZIEMARND ., B1% DAWG —FESZ R ER
SIWERE 5 FAFE SOD R E— A,

— EEREYE F R A —AMA, 2 IRER T A SR T A R A 28 A S e s it AR 3
tries B N2 0] ARERE A AL, ) 11-15 7R T (# Fl —A4> Marisa trie B RAEAETRATY
FEAREE

i 11-15 {#f] Marisa trie # 175 SR

import marisa trie

words_trie = marisa trie.Trie(text example.readers)

TEBI 11-16 1, ATV PAE BAH H DAWG BT, 7E RAM 176 7 1A B 3RS,
(B2 B 8 2RI A 8 —

] 11-16  i&{T Marisa trie 5

$ python text example trie.py

RAM at start 11.0MiB

RAM after creating trie 304.7MiB, took 55.3s
The trie contains 8545076 words

Summed time to lookup word 0.0101s

6. Datrie

XA trie B, BUE datrie (LGPL #240), (] T 7 Se i i i S B 2Rk = SO A7 i
. X trie MIREIETERI B SR B e, (B HAERMRENFER, EWiEIiRsS
Frig b B RIS BT A B, IF B SRR AL
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‘B5 HAT trie fif—E 82 ML T Hethry &R EZ —,

L 4% ) datrie B R AL A _E 69 4)F VA B L4269 DNA & = 89 TAE R,
CH—ANRAHMENE . 5 U T R M I 6 I LA,
E B0 U 4P RS B R R T DNA F 45 %

datre W E—NFREFRREMAMERE, HHRARA RIFENX TR,
TEFAN R AER BB, X RE FA 7R B A B M 1 . /R T PATEI
1-17 FEPXFFIL . AP R P AR A set, il
PR trie 1, 1XASBE MR A M EE AR AL VR SR AY A FRIN ]

Bl 11-17 - — DXL trie BRATEXE

import datrie

chars = set ()

for word in text example.readers:
chars.update (word)

trie = datrie.BaseTrie (chars)

# having consumed our generator in the first chars pass,

we need to make a new one
readers = text example.read words (text example.SUMMARIZED FILE) # new generator
for word in readers:

trie[word] = 0

Gk, FERXAGI T RS L, datrie B T —DEAEDE, FrPARATARE 2R
AT R B FATEFAT e S, PUATE AR I, B 2 LR T A HAT Trie
R TR PR (2 RAM (I ZHRA— ) . M E L6 ElibitiT 1
DNA #%, FriAnRARA — NS H R el PATAE, R0 DAY & R 43
TAERAE G, WRRR B RA TR A, TR, Xl ferg— M aiE
I

7. HAT trie #¢
HAT trie B (MIT $24%) /T A7 KA ry R XAMAEIA CPU _Fak ik
PRI AR, ERRBIEQEERENR, E&5— A AIEREA R APL

PR AER R, ©EARENMERE, (B2 APLEERME (Fl, sbmidsE
%) ATRELLEXTREI R H R g s /D, B 11-18 7R THEFR AR B T EE £ b
F HAT trie %,
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5 11-18 {8 ] HAT trie 3 X174 H0E

import hat trie

words_trie = hat trie.Trie()
for word in text example.readers:
words_trie[word] = 0

SUANRRETZEB 11-19 *F T WLAAREE, HAT trie SR T FRATHH RS T i ey
AR E], DA S RAM (] . B APL ERYS RS © 6 22 3] TR,
(R IRAR LR TR EAE R 2 TR A P Ul L, IR AX T REZ IR AR TT 5.

i 11-19 1547 HAT trie {5+

$ python text example hattrie.py

RAM at start 9.7MiB

RAM after creating trie 254.2MiB, took 44.7s
The trie contains 8545076 words

Summed time to lookup word 0.0051s

8. HEFRGHEH trieskt (51 DAWGS)

trie 14 H1 DAWG Hlla it st 1 RAFadicat , (H 2 fRidk @ ATE /R R EXTEAT
OEREMENIR, MARE BRI EANT, RN LA EENFS], A7
BEAR 2B FI%T RAM {1 B Btk

Tries M DAWGs NRARAKNS , (HENITEA RS LARREL TomRmiias, &
e 124 5P A — N2 NEGIEZIR S, 1E DapApps (AE¥7E UK #Y—4>
Python £ TAF%) K Jamie Matthews A — PR TIER RGP trie BEH
B B v ORI B R ) A R

12 DabApps, AT BRI R HARM PAL, @it de 5 A A
SNy B B AR A — A A HTTP 22840 19 247 W 238 1% R3],
@A KX GiARA “EQIRANT & HIRET Ri) A& AL, &
FATHA AR A AL R A L FE A5,

— AN S 3E R G W IR G Ay X R RS E P AR B
8 E K, IMESJesRe) UK #-% (Flde: “BNI1AG” ) #ER—A2
Yh 0 AR, AR AR B R T ARAT i 4e BB 3 B 2 K09 e F )it
FECHRIRE, —NHIL G FHE G 2 — A1) B0 F4F B Z R e we T, 4k
WBIMEA LR TR AT, Feg R, A—ANILTE 6T X Ak
(“BN11AG”), {1zt A LArey AR 7 (RAMER T HILHKF) 4L, f252
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MEH TR, BE—THEFTHHEG—2, #lde. “50.822921,
-0.1428717 ).

f UK KL H 170 ARG, #hhe b BT 36k 69 AREE, 13 R dbde 3R 4038
& R Bk —/ Python F I ZAL AT ILE R FF 69 WA 42 Python &9 &
55046 (pickle ) # XICXAHIE 2 MR BEFE LA E B —ANRT
B R EW AR, BV E KA T AT AT

BAVEIET JUFF R B 6 N G An ik B A5 A B S X, LIS Te I8 4%
JE % 4= Redis A= Level DB Z £ 69 9h3R4 I8 P, o ELIE 54 /M ST HUR 4
RABABRAAAE trie W 8Y 2 &, Trie HERTAEFTH XK ZFHH
FEMEZE, mELTARGTFRE ( EZAEFT “marisa-trie 7 ) ke
MEREFH T,

KA AT, 6LE T — /NN A6 i Flask 42 R AT #3249 web APL AR 7
4L 30MB # WAk AT T4 UK WR%B R, I ELARS A Al Pk st
BREHRE AR, RDARH L, REREEN, T LLREE
1B 4T %4 Heroku — 489 2.9 ZHLF & L, M R & B34 RRH T 9131
A, RAVG EINATRG, £ hups://github.com/j4mie/postcodeserver/
AR,

——Jamie Matthews

DabApps.com H# A E % (UK)

11.5 {ERHED RAM K]

— RV, WIRIRBEGS R AT RE RAM, BEZML. VRBT I 20 B 7R TG #0RE
PARE) RAM, ARW] RSN BARIER 0 Bt BAnfEH — > s 36, IR
] RE S B AR AR R N BAR B 5 BB s, O TR, ARk
Stk .

WNRARIE ECF R R R TAE, MamILF B E 2 BEEMMAEA numpy 4

—Z R T B TR ZE B AR g ER PRI . 5 6 AT RS
FALE, RAM LRy 2 ERAY, 17 ELINFA] L35 8 t—A A fiar .

FEABHIRCEEEBHAN KA =xrange, AR range, HERN (FE
Python 2.x #1) xrange @—/ A4 8%, Rl range A T — e R 51E,
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FIE— A 100000000 A-HE) 11 ({1 8 B TE A Y BUR 14— RAM
FEFRE R A& AWE, Python 3.x it range AR T — A= 2E 88, XFEARATE
s E XA

WRARIEME A7 R AR, FF HARM A2 Python 2.x, HISRARIEETZ) RAM, &YA
RFHHEH str A2 unicode, WMRIREZFEANEFH L ZE Uncode X5, 1R
A REE AL T BRI A2 E Python 3.3+, BEABSZBBEAFIIMRSS . WIRIRIEZAE— i
BEMHFERKER Uncode X4, ABAART] AR ZIHE N RATNIA 1485 1)
DAWG F trie #4514,

WERARIE FF 2 HORF 7 EfoR AR, 2T numpy Ml bitarray &, Ef#AEL
FHTRIEF TR RBFR . RIS ZaaTEE Redis, R TR R
A7

PyPy 3 B 1E #0505 = a0 R R R £5 A i 2R, SXREAH R L AR 2B (5,
D) KA FEFE PyPy HEHAE CPython R M 45 MR v RERE R B/ M5 £,
Micro Python 3i H ¥ ibAFM] TAE TR AR RGN F=4 248, B — MMM F
BIiCHY, iR [E 32T Python 3 () Python SZ3H ,

X UL ARED, RERESRBEATI RAM (ERIIN, AR 25 R
i, I HEAEVRBUERIART, A — 8 48 BTl &7 A — MR AR

B2 EI T UM R RO 48 54 ER AT B RO iR S , A TIAE R B B DARS it
HUF i =s 1]

11.6 HREIREEN

MRS G548 FR VAR AN BE SR A5 B MR FE ) N R . BRI Z b, FREEFEE AT
Z LB ER R b set B3 tie MR RRSZ ., BN, MH—AAPhRFES:
2.56KB Y HyperLogLog++&5#), VREENSTTEUME—TAYHCE—E 2 K2y 7900000000
W, TEA 1.625%H)i%2%E,

XA RIS RO — VR ZE R AT, ISR FRATAY HyperLogLog++i145
St 654192028, FRATELSEAS L FRRIEH 7E 643561407 £I| 664822648 Z [H],

MH, WRXAKEEAR, Ro] MU AT 2 NE, Bl MisEir.,
Y5 40.96KB W E TR SRR ZEM 1.625%P&A%F] 0.4%, Foietdf, BEMERiEEAE
FHH, EXEARAEE]— A set PLSFEDR 3.925GB]
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J3—7J7T , HyperLogLog++Z514 s H BB XS — MEGRIMIRBEAT T 4L, HaItn—
MNMEERIIR, IR, FATMAEB LS —MIA — XRS5, ZRTETRLL
M Z DML RIIR, RIS RHEENT AT EARSRIEAE R R4 R AHA]
— AR, FATTCIR ATER L F5 AR B SRR ST ART 5 ad &, T LA
TEIRGEAR— D FANTE 2 WL AR IR AR AR

LIRC AT T I [A) 2 BE A ) BT HLRS BEAE RBES 1ol 25 X T — MER E R
AR L — RN RS I, AR AR AT R AT DY . AR [ B B R S5
AT RERE DA R A R [ B A AN TR IR0, i AR B &5 2 i e 4544 RN AY
R K.

JUPAERTAH LT, MR AR S50 8 e B Bl 7 — M Eon A0k TAE, X
MR R B E SRS M KR EE . AT MERXE S — A s
AR, FRATATREZ K THR AR LTI, (EURANPR B T A Y . BEAR R
ARV RE 2 R B 5 T 5 DR HSE 1) B A —E M KR RYFR 2y, IXMA B 46
RERS L AT Z HIBE I trie MRTE BIRCHUEA RS2 . IEROVANL, AREES A
JH AR AR 5 B3 45 ) AT 2 B —— AR AR BB M AR A B 37 SR B T i
(EFSY:0F: !

FEBRNTRARRZ A0, BOZEEX R “RERT mitrfEZRE Lo XPARERH
TR, VRS — P O ER R, AhREZEI R, EREL
20 B 8 PO o AR R B A P 1R 2 AR PR B B4 L PR O B SR E T B

m%%g%mzmomwﬁw,%ﬁmmﬂwmm@%ﬁﬁ%ﬁe¢ewigm
RN, Rl 1B 6% EIRELNT err,  9S%HINLE/NT: 2%err, £
99.7% WL L /INTF 3*err,

11.6.1 {FA 1 F8 Morris 11888 kMLl

14612 68 P 5 P J L 0 — AR B B —Morris THECE (DA NSA F1ILUR
ST Robert Morris A4 ) S MO 140 355, K7 AR TE RAM 2 BRAGER
B (B0, 7E—GIARIENLE) S A ST, BRI,
DA 0L G A5 R 1 22 2K

Morris 415 BREE— RO L 290" St O AS B (R —ANER %)
TR T —ANER IR, A6 FATE R0 e 55

O XEHTR A THLTIRY 66-95-99 MU, HLZ A RS ELER T RHE H P RE,
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FAVTF IR RGN 0, AR FATE KT LA ME, oM 1245 pow (2, exponent)
=1 (B 2R X W ZE — N3RS X 2R T8GR ) . andR
FANETEER B, e~ E— RS (RS 545M), FHERNER
random(0,1) <= 1 / pow(2, exponent), XI (pow(2, 0) == 1) IF%&
HE, WHEREN, FEEEEH 1,

AN AR KB, EMailliElg® random(0, 1) <=1/ pow(2, 1),
KRFA 50%MLS N E, RNEGEE, IBATe8otEiy 17, mRAES, A4
T X IS E R, FRECRN BN,

T 11-1 B T TE—EREL 3B RAERNLE,

= 111 Morris 122840

exponent pow(2, exponent) P(increment)
0 1 1
1 2 0.5
2 4 0.25
3 8 0.125
4 16 0.0625

254 2.894802e+76 3.454467e-77

SRR E A — A B TR 5T, AR I R 80 i KA 2 math.pow (2,
255) == 5e76, YMEFUMKE, MXTLFHEMRERSDTLR, HETE TR
) RAM 2845 A, FRRMTRMER T 17147, SRR EH 32 M Efs2
FAT, Bl 11-20 fE7R T Morris HHEUES ) — AR BASL I

B 11-20  fa7BARY Morris TS S
from random import random
class MorrisCounter (object) :
counter = 0
def add(self, *args):
if random() < 1.0 / (2 ** self.counter):
self.counter += 1

def len (self):
return 2**self.counter

AN B SE B, TN TREB B BIZER] 11-20 H, 55— i PR nis R s o
T, misoAKNT,

O —AHMSERBHIER T — NI EZ TR SEIAE hups:/github.com/ianozsvald/morris_counter
ATH,
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5l 11-21  Morris 115528 2B 1

In [2]: mc = MorrisCounter ()

In [3]: print len (mc)

1.0

In [4]: mc.add() # P(1) of doing an add
In [5]: print len (mc)

2.0

In [6]: mc.add() # P(0.5) of doing an add

In [7]: print len(mc) # the add does not occur on this attempt
2.0

FER 11-3 , HBRL R T —EW IS - RIER PR, 1 64
PR HEALE, XR—A 8 FATHE S, = 1 FYH) Morris 114 as AT VE AR
AR Y BN ENNE, RN TERERHHEENEE, BrT =
MRS RGN R T EMARPLUE AL S HEHRE., =M dTse
AHE ST,

Morrisit 25 RN
140000 - :
— EHIHE (S4FH) S S
- = Morrisi+#z% 0 (1ZF%) :
120000 MorrisitEEE1 (129) 0
- = Morrisit#2§2 (1F%3)
100000

80000
]
e

60000

40000

20000

] 20000 40000 60000 80000 100000
ER

11-3 =7 1 389 Morris 11 EEWLE— 1 8 ZHHIELL

XK ER AR LE ] Morris TR BT 2 BB AR M & . R IRER BRIt
— AL B R,
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11.6.2 K&/ME

TE Morris RS, JATERTHHEARTH FATMEBEE ., B2, i
BB RME, MAEHANTZ . add ("micha”) 2 .add (Mian”) , i
MG B R, RS, AR B RATAI VA S R e — I T TR
XEEMAYIE, M . add (Cmicha”) JLTUOE R ST $ds—ik,

N T BT R, BATRHRREIRAREE (5F 4.1.4 3RS 20 H ok 44
HERARITHE) o

FATARZEN A B0 F2 2 Ml B ke — 5 B R AR U AT HL3S 2 gy
B, fan, iERAMEERA — B REGRI—FAF & - — 4 0 21 1 2Z [E#Y
Bor IR S R RE LN A EMA—DTRERR, ROTASHEE—1
0.2 AUMEAISF R TLFORAGE]—A> 0.5 AUME, BEADLM— AR fE, X RGN
REMNBEMAREZ T ??%ﬁ FM R X L E AR 2 ST 04, X —
MBI R [EARESPIIIHAT, BRACRENAEFZFAFH, HFHZR
TRENEEREIK, T:Tﬂ]“tﬁﬂ;i@/?ﬂﬂﬁﬂ‘ﬁo

RFATARE T 100 WOFA76E TIRLSERTELS] (B 0 2 1 88 . B~ HE
MEWESHU “FATA 100 5", AW “Ff G2 FiHEEEZ 0.017, X2
K /ML B A —— A B MRAE T AT LAY & A/ N HE— )
(B, FATSREL MR BINER S AR, I HAES H X £, 72K
11-4 f, BHORBE RIUINIERE, RATRER W—1 K &/MESH (BIE—1
KMV) HPIRES. H96, BAERNBARZHINE, ?ﬁﬂ‘ﬂ%ﬁﬂﬁ?ﬁ%@ﬂﬁﬁm*ﬁ%
KAY, BFAHEHOR M TR R, FAIPr R RI R E k MEIEM 2215

b, R, RiTess o T |mik,

kR, FATHUBBE DL BT 68 A RC L s o0 T AR R E i A2 S8 23
SIHY, T ELE RIS O SEROVE R R . — S ASERGVERIG TR X A7, B/,
Cr Ik, 155 TH0.01, 0.02, 0.03], AURILAIFFLEHS (b BOK B

ZHME, ENSRARRN ] REVEBR D,
i H, BEAAFAT AR B fe/ M ME—HISIME, Bdatty % iEmE—nyhm AL, FA1 5t
RER BIIXA, PRI AE— A R AFH# T /My = EIH B Z4R\i[0.1, 0.2,

@ Beyer,K.,Haas, P.J., Reinwald, B., Sismanis, Y.,fl Gemulla, R.“YEZ &£ MRNET , A FXF M7 G B A",
2007 4£ ACM SIGMOD $idi 48 = Frés i E——SIGMOD °07, (2007): 199 210. doi:10.1145/1247480.1247504,
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0. 31 2H/NUBBFPRSH, RIATIEI TAEMESMER 0. 4 AT, FRATAR
SRR, FEE, WRIATEM THIMER 0.3 MEE2IR, IR
WARSMAS, X —NYEREMAENE, EREWE MR XA4E 2 ) A AH
[F] {8 A AR R 480, RSB EANAR . X 5 R Be b Mg 5, il , #E—A> 1ist
KRR I 2 U B RIME ., BEERRS T T AN PR g Bdagii, (=
2% T Morris TTE2E 2 4.

Bl 11-22 BoR T— M aEREAN K f/MEEH, EEEENZ2EMEH T —1
sortedset, EBG— set, (B2 HEEMHE—D, XFME—E R EEES
TIHAIH KMinValues €54, A THEIE, EREEMRE.: LHERGTHEMA TE
d—k, BaREMEAEENE,

K=20KIKMVHI 5= 18] % B

EORRY |

smaan]

|

.0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

11-4 BEIHTHENKL, EFMHEE—T KMV S5

B 11-22 faj EAAY KMin {H353)
import mmh3
from blist import sortedset

class KMinValues (object) :
def _ init_ (self, num hashes):
self.num hashes = num hashes
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AR E R XN AR &, XS0 11-22 IR, (2

self.data = sortedset()

def add(self, item):
item hash = mmh3.hash (item)
self.data.add (item hash)
if len(self.data) > self.num hashes:
self.data.pop ()

def len (self):
if len(self.data) <= 2:
return 0

return (self.num hashes - 1) * (2**32-1) / float (self.data[-2] + 2**31 - 1)

i FHAE Python f{Jfl countmemaybe (ffi 11-23) ) KMinValues BysEEL, FA

H o 2

=l =

ST HANR R BRAE, PR SE, BEHEE KRN M ET g
ARG “97 kB TREEE, F2HEMIRRAERSM PPN E) . FEXH,
FMIEER WAL k EH —A/MEEERIE, FNTHEEE 77 i 50000 33, 1My HLAEW
DA R IRE T RV 2 R G BRAER 5.

5] 11-23  countmemaybe HJ KMinValue SZ¥j

>>>

>>>

>>>

>>>

>>>

from countmemaybe import KMinValues
kmvl = KMinValues (k=1024)

kmv2 = KMinValues (k=1024)

for i in xrange (0,50000): #©

kmvl.add(str(i))

for i in xrange (25000, 75000): #@
kmv2.add (str (1))

>>> print len (kmvl)
50416

>>> print len (kmv2)
52439

>>> print kmvl.cardinality intersection (kmv2)
25900.2862992

>>> print kmvl.cardinality union (kmv2)
75346.2874158

® FLATHE kmvl HLA T 50000 NITE .,
® 7t kmv2 LA 50000 P~ITE, HA 25000 N 5FE kmvl RGAHTE],
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g5

AR B EA G ok, I SR TRANRZEAEXNR
%), X ZIPLARE A T mmh3, Python 2 #Lé9 mumurhash3 sf-F 47
WF B LA RIFE B, BT, TTUMER RR 65| Rik, 4o
REANVARAF G 2 G £ 7120935,

11.6.3 #HEEESE
A EAT T ERES MO R G HAE, i, JOTHFET B mR L4
HH, TR AT O R DA SRR TR A AE 2 MRS — A4 H i A,

e IE R 2 HOME R T 2Ok TR, AT MERR S . WPREA)
ZIREE TR MRS, FATBEER S R XA R Y.

T AR ORI A AT 98 PR A0 7 MR — A, FA T IS R e P B S B e — 91 2%
RS, XATEEEE— AR IR False MTH/RELASIFR, AR FRA TR E kg
M—HIMER (10, 4, TIRIRG, IMAFMNBEIIRIE A+, HUHE LR
510 True, F3k, WRBENPHFICARTZEE W —MFERZH, FAIUE
HRE B ME T AR /R B S R Y Y SR R B T True,

XA ARERATEARBIAINE, TBFATIR— DA BRER, XERE
IR R e S UL AT ART A B Wit — N4 H . IR FAT 100%AAFA TR 5 A
A W %4 H o 5—T7H, RS IE SR RN TLARTE & g —1%H, I
LA —ERERENTHITFRA R WD, FHEENARE LT MR R, X
MERIEROR B TRATSA B R, AP BB E 2 [
Y, BIGEEAIAR R — XS, Joietnf, 1esiikr, fhBdIEaspa B AR
#] 0.5%HYRZER, B AKX AR 02 nl AR 1Y

BT
FAVT ALK FAAE LAk 5 6935 B SCRAE B N A Z e F
QT B R AT IEBARAE R, doRENA — At BA
A8 A AR S R E ] B AL, AT A XA
def multi hash(key, num hashes):
hashl, hash2 = hashfunction (key)

for i in xrange (num_ hashes) :
yield (hashl + i * hash2) % (2732 - 1)

® BloomB.H. “PASRVFHYIRZESH hash 4 i i [F)/ B GRS " ACM iifs. 13:7 (1970): 422-426
doi:10.1145/362686.362692
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AEHHNR T AR 45 R ag 3T 2 32 redd ey (BAVT BT 2764 — 1
kA 64 bAF 9T HERIE).,

FATRT =5 091 R BL5 22 0 HE B A RE DA Sz B — 2% B B9 B0 (B 508 R T AT
PR Bk A AR SR T i 0 — S M A I SE 22, T8 234 Y
fEHRZ
log(error)

log(2)’

log(2)
capacity

ARV, R ELL 0.05%B9 B PEYE (IBt2vl, LIV L2520 —4
XZEE, A 0.05%) LRSI A WLIEE) RFM 50000 M5 (AEXS
HOAZK), IBFEE 791015 HWERFEME 2SR 11 ANE R AL,

N T AR AV AR, FATRERS i B e Fon /R E (— 4
AT /RS B b A 4 HeRRr) . RATRES L ] bitarray SRS H
El, Bl 11-24 JR T — A A L B as i 5L 1.

Bl 11-24 ) B R A P DB 2R S 31
import bitarray

import math
import mmh3

num _bits = —capacity -

num _hashes = num_bits -

class BloomFilter (object) :
def init (self, capacity, error=0.005):

meen

Initialize a Bloom filter with given capacity and false positive rate
self.capacity = capacity

self.error = error

self.num bits = int(-capacity * math.log(error) / math.log(2)**2) + 1
self.num hashes = int (self.num bits * math.log(2) / float (capacity)) + 1
self.data = bitarray.bitarray(self.num bits)

def indexes(self, key):
hl, h2 = mmh3.hash64 (key)
for i in xrange(self.num hashes):
yield (hl + i * h2) % self.num bits

O ZERE T B ad BB 0 VU A — D ARH R B A e D8 2 SR ML
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def add(self, key):
for index in self. indexes (key):
self.data[index] = True

def contains (self, key):
return all(self.datalindex] for index in self. indexes (key))

def len (self):

num bits on = self.data.count (True)
return -1.0 * self.num bits *
math.log (1.0 - num bits on / float(self.num bits)) /
float (self.num hashes)

@staticmethod

def union(bloom a, bloom b):
assert bloom a.capacity == bloom b.capacity, "Capacities must be equal"
assert bloom a.error == bloom b.error, "Error rates must be equal"

bloom union = BloomFilter (bloom a.capacity, bloom a.error)
bloom union.data = bloom a.data | bloom b.data
return bloom union

IRFATEA R A H L T HA AT L g g T &, A& KA AlR?
R4, M/RBBIR AP ITA 7% BAPEE T True, FEXMIFOLT, FATUHA]
ERELTEMFH ., XEWEMN LIRS i BRI A B R, 1Rk
IEAEAL B —ANAHEE R/ RS (BN, BdlEi), fHolstat iy,

R BRI LA — oy b o PR T M DR B S I, R IERT Y TR T ek s
AT A — R B Oy A2 R R R R AN i U A R It — ok T,
IR, FATREBPRIE— DB ARIRER, I HLYHFEEZRRN, UEn—
AR RS S TR Z AR R 2B/ HE A% E, RNV RRTEA
AR g de LTy, BRI TSN Z R EGE HAETES IR . XA —
ANRTEASE AT DATERY 11-25 H L3, FATEE A 1 Z AR a8 a0 IR EPLAE
HHA =D RGO R T R 223G I — A i e g 2%

Bl 11-25 ey SR JeAts B s SE 1

from bloomfilter import BloomFilter

class ScalingBloomFilter (object) :
def init (self, capacity, error=0.005,

® Almeida, P. S., Baquero, C., Preguica, N., and Hutchison, D.“T[ #" @A g 4S5 BALFEE1 101: 255 261.
doi:10.1016/j.ipl.2006.10.007
@ FER(EPR EBRAR, RUTIURHEL, XFE, SRR A TR IRERWFIANT, EatEin T EiRER,
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max fill=0.8, error tightening ratio=0.5):
self.capacity = capacity
self.base error = error
self.max fill = max fill
self.items until scale = int(capacity * max fill)
self.error tightening ratio = error tightening ratio
self.bloom filters []
self.current bloom = None
self. add bloom()

def add bloom(self):
new_error = self.base error *
self.error tightening ratio ** len(self.bloom filters)
new bloom = BloomFilter (self.capacity, new error)
self.bloom filters.append(new bloom)
self.current bloom = new bloom

return new bloom

def add(self, key):
if key in self:
return True
self.current bloom.add (key)
self.items until scale -=1
if self.items_until scale == 0:
bloom_size = len(self.current bloom)
bloom max capacity = int (self.current bloom.capacity * self.max fill)

# We may have been adding many duplicate values into the Bloom, so
# we need to check if we actually need to scale or if we still have
# space
if bloom size >= bloom max capacity:

self. add bloom()

self.items until scale = bloom max capacity
else:

self.items until scale = int (bloom max capacity - bloom size)

return False

def contains (self, key):
return any(key in bloom for bloom in self.bloom filters)

def len (self):

return sum(len(bloom) for bloom in self.bloom filters)
AL PR L) 575 — Fob 75 2R (8 P — R AR AR T [ i S8 ) T 0 o IXRAE TR AL
VFICEH I T RRS R ah e, Xl B 2 TR S 125 XA B A
A, POAERATRE L TEOR I, Hanil—/ 2 )5, i BARA R B R 8 K LA
REAL P AT B3/ N R B A it AR S A B DA i 4 AT TR Rl
— /N A R AR Y AR Y R AL
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X AR SR ] — ME G X RRE TE T HRYSZE A, FAIEH Y
AT I SR ARG UL X R, T 2B G2 WEE e, BE =LK
TR E R .

>>> pbloom = BloomFilter (100)

>>> for i in xrange (50):
el bloom.add (str (1))

>>> "20" in bloom
True

>>> "25" in bloom
True

>>> "51" in bloom
False

>>> num_false_positives = 0
>>> num_true negatives = 0

>>> # None of the following numbers should be in the Bloom.
>>> # If one is found in the Bloom, it is a false positive.
>>> for i in xrange (51,10000) :

PR if str(i) in bloom:

et num_false positives += 1

et else:

P num true negatives += 1

>>> num_false_positives
54

>>> num_true negatives
9895

>>> false positive rate = num_false positives / float (10000 - 51)

>>> false positive rate
0.005427681173987335

>>> bloom.error
0.005
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ATHREZANFEH, FATRA] AR ISR BT 4
>>> bloom _a = BloomFilter (200)
>>> bloom b = BloomFilter (200)

>>> for i in xrange (50):
bloom a.add(str(i))

>>> for i in xrange (25,75):
bloom b.add(str(i))

>>> bloom = BloomFilter.union (bloom a, bloom b)

>>> "51" in bloom a # @
Out[9]: False

>>> "24" in bloom b # @
Out[10]: False

>>> "55" in bloom # ©
Out[1l1l]: True

>>> "25" in bloom
Out[1l2]: True

O {f “51” AfEbloom a i,
® [FF:, {H “24” KRfF bloom b Hi,
© JLitnfi, bloom MR THE bloom_a il bloom b HEIFIAX 4|

(B B — N R AR L REX TS B R [ A AR 22 R A A B 8 2 10T
T HL, B2 P B DA I 6 FH Y 2 B RE A8 5 L0 E B PO SR 010 e 8 4 B
(AR Z A — AR, X TERE VR AT BE M T B B R TT 46, BN B T
AE| =R, HIRCENBOMEREGERR, SaB s — sl w27t A
AR AT I R AR |

11.6.4 LoglLog }t#i=8

LogLog ZEAUAY TR T-HD sREA) B LR BB BB A2 FEDLAY S 3E . ARAR
FEUL, — NHGI SRR 1 BRI 50%, RIS HOEEE 01 B2 25%,
MR =R 001 PR 22 12.5%, HIE T X Le3, 1EHFEF 1R AL PR 47
Zm 0 (filtn, SAFRERIEIIE), RATRRMAERRNMELLE T2004%H.
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XTI T TR A2 PO PR 13 o ARG — R A TR B — Mt 1 32 1K,
i HARRE R IE W b 32 SXAECF R IET AT 32 HRFRIBI s A 3 5K

IRBATEA R, BERmWE, JROTFHET 0, FEARAIA Rl ™
AT 0 RAETE , BEARFRATAEAEXMOE 0 5 rIMER , FATEREW SRR
R 0 KER, /REEMFHBNTZRER T 270 = 1R, WRIHLAIE
SEACHRAE MM ELAERSAEAT S — U Z BIARE 10 RIEM, AR FATHREL il s
10, EAMRRZE, RREMAEHEANZHSERT 2710 = 1024 &, #HHX
NRG, BT R RO B2 AT 5 FEBIR BRI (BT 32 I3
Kih, X2 ~ 32 = 4294967296),

AT LogLog ZRATHERS WX A B HAATH IS, AT AREGERA T
HHIRR, I EWEERNERE N 1| ZEEZ 04 0, BIERBEHIIE—
A 32 WRETRSRAITH, O BMRERIOE T—kIEmE E, 1 BRERIEE T —
W (filn, 000010101101 BEBRFEFRAESHEE — K S 2 BTt 7
4 IETE, 010101101 FEMEEFRATIES — RS H S i 2 R 7K IE ) .
DA TRATT— A ER B AN EE AT 2 R0 T LR B ARE . TEXA R AT R B
BULFENT Morris 18R, BT —NEZMGI5. ROTZESER LR A
AR — A BELE A e R ik “BEAL” (R, X EWRE RIS A A
LogLog T3S IIAHFAIME, BRNERRSEARASRA, Fl 1126 BR T —4
LogLog T14k#s i i B S0 H

5 11-26  LogLog T4y i HA5CH

import mmh3
def trailing zeros (number) :

Returns the index of the first bit set to 1 from the right side of a 32-bit
integer

>>> trailing zeros (0)

32

>>> trailing zeros (0b1000)

3

>>> trailing zeros (0b10000000)

7

if not number:
return 32

index = 0

while (number >> index) & 1 == 0:
index += 1

return index
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class LogLogRegister (object) :
counter = 0
def add(self, item):
item hash = mmh3.hash (str(item))
return self. add(item hash)

def add(self, item hash):
bit index = trailing zeros(item hash)
if bit index > self.counter:
self.counter = bit index

def len (self):
return 2**self.counter

AT IR ROR B SR FA TR BEAS 3] — D — TR I s RO HE, X 23R
M FRA TR AR, X AT AR — R T 32 W, A T oRkb, 3]
JWAZIEVEZ N [R) I $ 0 T o ELZ A TR 45 2R EIUE R 30T 24 1 BoR
ZRBRIEE R, ARG R D2 B B R B ) AR e, RINH A
AR Y T Xk 2 Loglog KA HEMMAMEZESR (LAY Loglog.
SuperLogLog. HyperLogLog. HyperLogLog++%),

FRATRBIE SERGEAS “ZMLE” vk, @ik R A B ME R X ROk e 7]
EEE I — (L B R AR . R R A B MERET 4 A HokE, X
HRERNAG 27 4=16 MIE . BEARTRATX R TR ET 4 A HeAE, 3071 H R
TT 28 LR o BT —ANEE TR ST A 28 WKAE T ), X B EE—
AR H BT R 2728 = 268435456, AL, A MK RIS E SR
¥ (alpha) XHEFMENL . B ske—Rar il — 2 1.05/(m)
R, m 2FAF AN (BCEHEEE) . 61 1127 BR T —AME A
LogLog SR SEH
i 11-27  fAj5H LogLog LK

from llregister import LLRegister
import mmh3

class LL(object):
def init (self, p):

self.p = p
self.num registers = 2**p
self.registers = [LLRegister () for i in xrange (int (2**p))]

self.alpha = 0.7213 / (1.0 + 1.079 / self.num registers)

def add(self, item):
item hash = mmh3.hash(str(item))

O —4~¥t3EA LogLog 1 SuperLogLog 55 ¥4 Y SE R IR FT PAYE http://bit.ly/algo rithm_desc %3],
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register index = item hash & (self.num registers - 1)
register hash = item hash >> self.p
self.registers[register index]. add(register hash)

def len_ (self):
register sum = sum(h.counter for h in self.registers)
return self.num registers * self.alpha *
2 ** (float (register sum) / self.num registers)

SO TR M 11— MR SRR 4 H £ 2 5b , 56—l
SIS0, R T T B S HIXE T P AT 25 122 2
ST,

fE__len_ Jrigifr, ATKK A THiA 84 LogLog AF1FAR I R ENH0F-4
{1, FEIRIT, BORRFN AL A HHR R B A7 | BOR AR T R 5
AR R B & A B TR, LA MR AL TS0, TE Wy

ﬁm%wuvaﬁu{§Q%ﬁ%%,m%ﬁﬁmm%ﬁ%mﬁio

SuperLogLog i1 A8 TE XA AR, MR ANEYE, R BHIREY 0% %777
e RO /MR, E AT (E R Hh BR AR 45 A B (BB PR 2, X BRI

1.05

ﬁ%&%ﬁﬁ@ﬂTo&f}

FAlid o 2R B B 7 ZORMS R — DR, X R E R E ) |

i, HyperLogLog®T£ 2007 A, FF HEgFRN Aok T3P iEm s, B
A 1 PR K B TR AR AR O 2 B R T AIE A TERIR S 7 %, X
ZERTT RE T AL ) AN T] R I 2k 1 LR T iR 25 R, AR AU CTII(E ., X4
AT Y FT BT IR ZE R 0(%) o LAk, XAAFERR T X SuperLogLog Keiji e b
IHEF A . AR BRI AR E S B, X RER KRR A ERE 5] 11-28
J&7/R T HyperLogLog YJ— 4~ aj FRSEHH

5l 11-28  faiELAY HyperLogLog SE ¥
from 11 import LL
import math

® Durand, M., and Flajolet, P. “KEE$H) LogLlog 114", £&T): ESA 2003, 2832 (2003): 605 617.
doi:10.1007/978-3-540-39658-1_55,

@ Flajolet, P, Fusy, E., Gandouet, O., etal. “HyperLogLog: XFiT(lftayEES TR, 2007 F5
EAMTE RS T], (2007): 127-146,
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class HyperLogLog (LL) :
def len (self):
indicator = sum(2**-m.counter for m in self.registers)
E = self.alpha * (self.num registers**2) / float (indicator)

if E <= 5.0 / 2.0 * self.num registers:

V = sum(l for m in self.registers if m.counter == 0)
if v !'= 0:

Estar = self.num registers *

math.log(self.num registers / (1.0 * v), 2)

else:

Estar = E

else:

if E <= 2**32 / 30.0:

Estar = E
else:

Estar = -2**32 * math.log(l - E / 2**32, 2)

return Estar

if name == " main ":
import mmh3
hll = HyperLogLog (8)
for i in xrange (100000) :
hll.add (mmh3.hash(str(i)))
print len (hll)

HyperLogLog++@&ME—[iE—25 34 T HER FE R SEYE, MBAREEHAERT 2B, 38
TERHERE ., YHEZHIKE/BAR, XA Z5mTHRIER HyperLogLog, 38
RAHSA MW, FR Loglog KA EER M ST B F 2/ 2 I BiE——F —
b SRV ) R /D ) 45 H R AR IBURE v A ME A BE Y T KR = TR R YA R A
PE o SXFPET A ER R T — AN E 2 R HyperLogLog 454Kk %,
B LA BB B AR B — D RSB T SR B R 54, A — LUARR 2 0015 i rY 4L
B AR Il S R TH B i 25

11.6.5 HELHEHRAIBIF

T ARG, ATERAE T N EA R EBIRE, BEE
—AMNEAEE L H SRS, LRI g A X RS S, R
HEEHA R . “Cef20M—KET? 7, B 11-5 FE 11-6 JRR T4, &
MREE SIS EL ARG ZER (10 HyperLogLog #1 KMinValues) HY¥EZE1
WASHELE, FOMEATE A TR ST &, — T, AR A TR
SERENIEECE AERIIE, Morris THIEFIEA LogLog A7 7t il BB b & £ R
FRIRZER, LW, X TREHEENT, ROVAEA RS 20 5E B
FREEBR PR A DA 5, IIr DA 2 A B S,
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AR MG, BT RAS, XEREEA: SRR 6.4.2 TrhpHET
FRRACALERRT , FA TR AR BEAS 2 FE 1R T

x11-2 FEMRLIBLEMOLER
RER HE® x&E =R KNP
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MR LR SEH S — FPRPAR A AR MU SR AL AL BRA 53k . FAT ] A6 BT s Y Bl ok
PAZEE RO B8 e B AR E B M, HALBERT A5 B T4, RATALRERS
RS AR AR 2, T LR AE X Se 45 _E S P AT KRB B4 (il
WFESR 11-3 FETRE LB ARE, T datrie WA A ) AT AT — b 2R B0 4+ 2

KBZ),

#=11-3 NEESRPOE—PIFNHE G
TLE 3R = L3R E] LR
Morris 11485 © 1073 741 824 6.52% 751 # 5bit
LogLog 7 {74k 1048 576 78.84% 1 690 Fb Sbit
LogLog 4522232 8.76% 2112 % 5bit
HyperLogLog 4983171 -0.54% 2907 b 40KB
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o I CTO 222 T KT HARMME AR 250017
o PyPy EFEREIZEE?

TEAZT R, FATABENHI A TR T2, FEX b2 @] Python HHTE T
KRB R A57 T X N AP A ZF LR XY S
J MAIADOE T T RS, M H M= T — A S PRIRZA DR .

121 Bi&MN3EIWE (Adaptive Lab) BJit iR
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Ben Jackson (adaptivelab.com)

B R SR SR — SO T T IE SR RORIKAT (Tech City) [K—— 1 /R 2F KA i
IF R RIQIE AR, T T RV . LA P oLl i R oy
W, AR EE Il YRS A FRIE T T I e,
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HIRSE, REEILTS DR EMERER, LB ENT, eREEEE— 158
KA BE A IR S R ILEA ], RGE2 [ Python SRAEERY,

12.1.1 BiIEMNSEIEZE (Adaptive Lab) {EFH) Python

Python @A LEAR Z —, FRATEMRE RN AP HERE, I EICRR,
FATAEA AFINEAEH Python AR —E TAE, XFEIRNTRHZ - Arfinyr=
A TER A Al NE R A .

Python X} T/NURY, BEEHIH HK ST AR O BARRY, BRI,
HA () Django Fl Pyramid HSHE R & M4AFPEF E B Web HEZE, Python £ X2 %5
[y, X ERE A EA KRR IFR TH R AVFRATHGE T e (5 Ot A8, 13
MIEEARE T TH ALY . QU B AR PR R 25 P i e 1) A

HETRITEANTH 2, RIEBEN LR EZH T H Python AL TH,
BRARRE A —MES T X ZokM A, filin, FAVEA T SaltStack MRS
#ROC%, A T Mozilla ¥ Circus SREH K 2fTHy## R, B— D THEFREKIF
HPAFRATT B GE BB F ARG RS, B B IR AT A0 502 A0 SR FRATT A AT fr] ) 8
FATHENS B Oy, FF BAEARL Ry 248 B2, ik KA s,

12.1.2 SoMA Hjigit

FRNTHYAE I A T HL T BEAL P o A it R A A AT R RS, DA AT R AR IBOR &
Y SEIRE B AERF ST T A A FERO SR A AR R 5 125, FAT TP E L Elasticsearch
PER TN LI SR 70 . BLANE B 2% 7 s BOAREE, e mmly fery, (B2 R
WA MM, T HAES RO ST R 4 B ——RFFATHY I R 2 BEAE Y
Elasticsearch < 52 ] Java #EH), B2 UBALM — IR G 2 REFA9A
HIREE, B REFRY APL, 1M HGEH Python FEAIZAE R4 E ST
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M R E W RS 2 R WS R 5 | A E I RGN — TS
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RVHE ¥ &, EAR R E MR T O SR 4% TR

121.3 EIMWARFEIR

AT ELEIH B TR BeA Z i Pas A 5 O s T AR FEE . 347
fEH Vagrant SRIEAMIMEE RS, FERIMPLNESE ML IR E &Y, —
fAT LR vagrant up B — 8T T B9 A A 2R T BT TAERT R 8 Frf i .

FAMIARBFE T XA, — BRI, SheZRMITH A BE , HHAAL ST Bk T
—E, X SoMA K, FATHREEE—UEEN P EUF - LAIEBE "R
7 WAESS . A SR R ST SO LA 55 03 T bk (A m & @i 7 — 1
HREE XA H KR LA MR . R MEFERE, ARHERER
TR MR A, RO B ZM AR S HE S

— P REWIAEGA I TRIME L, EMTREREA 2 &R ERFTERRHE R L
FRIMIRAE— KL SOMA WIRGE P R REE, MTFZHABEIF4R. — 3
FREOIESL A T — MU R RER IR . TUHZAE SoMA |, R TE
7 i B DL AR R AL et A AR, A BELE IR B A RIALEE, A%
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BRI RIETE.

12.1.4 437 SoMA

SoMA RA LA, I BB B 5 R, RATRER SRR+
e . 90 24% 0 RO DA B B2 T AR LA 565 =07 PR 45458 425 P ) DO S o AR, LB,
BTN E DH R, SoOMA Wit A REE, Tt LETahE
IERIBE, £5 T Circus, 3BTRS RT I TN WFZ: Ao M7 TF4h 4k
SHEFHES . — MES TSR Bk, E RIS e, I M RGW
SHE, A RSN BE SRR YT S
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SR BT A AL ER G ARARRR & MR RE o AL PRE R B He 4wl 5, ] — T
BB M AAE B S A AR FRPERE, SR IURBA — D RIS S B R
MHEREM, LB — BRI GRS, FAABAR GV R, IR
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ARG RIS BRI A S R G, (BRI AR AREE TRk, IR &7
AR BRI o AR AR STATAAE S H- 4 U TR X RS, . IR DA B 75 ZEHfE 1) v
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12.2 {#HM RadimRehurek.com iLiREFES

Radim Rehiirek (radimrehurek.com)
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B, AR RERERIE T — 1 Google Y C 1B RGN A H iy Python
A7 . Google BITREE2E > YL AR 3R LU R 4R Python SEILHR T 12000 f%, iX
B MRIENLAE S BE R EEE ORI, R AW DA HRRER 1CRS, BEE T
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) C RSP 4 £,
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PR EL IR ASA R, AR Mek s & A (B A5) . AT B E
AL PRI NS R GE, JUHRAE SRR J5 1

BT R B 5 [ A BT AR R R R1 A | RN E A AR T R
Al B BB A R EEAFE R BRI 1E H , Python 2 B YL IEFE, A
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AR, BRI EIE R AR — 5 R, %R THREM ML, ZH
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AT ROIE B SRR RIS (FIREE S, wM A R ) MR A 28 5
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FEREMENREAR, — M2 RIFHMAERN ., @I, IEESR TR, AmTE
Tl SR 2R B S RORBEE 25 F (BRE ) HRERMME.
fitn, JLAEHT, Elasticsearch Jg— /N NHIFA —LOARRS I ESH . (B2
KA T EME, ICHERILER (8T Apache Lucene Z |, $2ft T E
A B RE) FHEERHBELRES THF .. 4R Elasticsearch
ARG OWHET —MERRG, MRS TR CRAEWEDLETRE), #
KA T TR, R4 ESE e, R EHREMNEE, fH—
N, REXBRKMERG WA RTERYZERLS ., WIE,
Elasticsearch T3 A T L35 1538 T 5 16 A Sa R0 % (N
HMEMERAE, EREMAEYEUERITRERR SR, B E/ A
Z Wik #H KAk,

KISS (iLEME#, BE!) X2H—FALERAMNGF. SFHRBIERIEA
WA EMYE B AS . IERIERITAR, HF BAE AT e bRk A, Fefat T
R UNIX B “f— (s, FEeEme” Sem TR, ZENAHEEIER A aE
G ARY, AREE R AR R A AR A TR — AR T R T i e — .
HRRB R BT EH— S ERAHEZR BT AR B AR VY, R H R AR R
(MMt L) BSEhSBERE T — 388 (WwmEMENS). RHERSHEARE
AT &R 47l APIs TEENH SRER T THb, BN, L3
4 AT BEAEL/ IV 7 B A TR o A0 i) 6 7 BB T A A T SO A% K
AERERARZMERE LRYSRITIUE

EHREEPERFINTEERE LI CEIRAL PRGN, RO EHAE
A B SV AR S o SR R B v b R AR SR R 4 i 1) 1O,
LBEARAA T ILFCR 2R AR (ATRERR T ERIER) J7sCEd RGN, ERE
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AFBIHIREE 2 NP4 "I ez, EETE—VIERRER
FRITEOLT . RIS ENDRIER A2 DA latinl SREGS ] XFES
A B 22 MBEAR LY B SCHR IR 2 1 3 R AT AgAT SCA SRR B E |
XL R T E 328 AR A i [ A BT IR P R BERAIR T, R
PP R, ST AR R IR ALY . IR B F R B A
S ERFEEEV AR, TRZTEEIK.

o NDMFEBR B, RN AES—EUE X TSR X
FABREMNEIEREE, ErlaR— Mg REmnAR— SRR, B
PAZAT Ay F AR R AR R . X RERFTRIAE AL, UMM ERIIREIROR A&, —4
RITHERF SR X = REdhE.

BZ, RIBWS RS T —X R F AT Python KAF T H C isfT HRK)

word2vec,

1222 LA ERIZE
word2vec J&— A AV I AR (L) SR 3R] AV E AL e 22 ) Bk . BEE SUAR I AT &R
1Ak (SEO) J5 TR ERIY. F AR B T3 E Ry S g i, #0181 2wl Fll
F5 e _Exb A A EX AN T A,

AERIE, ME—ATF RS ELE A E O, — M C EFwRENIT
J§ Linux 247 TR, XN TESSH T R, ([E2A 4 AR R SEE, Kk
FEEAE word2vec F4AHF Python b AY FEEH A i 2 TR EEWSIE word2vece §7 3 HiAh
PG, ILEES T AR ERMYRE,

FEIX AT, B2 word2vee F5 B —EARE M ARARRIUIZRE Bk =&
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word2vec, Ik T KL 1000 f24~HR], XA RIZREHREV EAE G RAM
e, BTARCR  — N A AT T
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CTIRT FERI RS A T B SR AR B — KE M E L, AL3E word2vec,

MPTER R AR, HEXEA &M
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RLAREVEE, MBEIRATE. LEIREE AL I — R — R 7 B0 A
ALPE,  HBRARE AN E E B A A AR EdE R (FE word2vee
AT LL T RA) ) ATREN T IERETE N AR SRR, (BAnfR]—m 2k 2
100 4], (ER2mMH. AR APLIESE TS LRGSR, Python
A ENERES, R AR SR XA —— — RIS IR
FHHEARBTETE, BERECITIRAE— VIR RAM PIEAMI LA, FRIE
PRATER R B IR VI, BB VRN R LUE B R BB — M A

A Python IEBE LSRRG KM — 0B numpy BT word2vec
FIRAE TR . Numpy FEASFRYSE 6 BRI S T, (HEEI—A
F/DRTREE, X2 —EWHIPE, /2 Python BREtIXAgEAT, 2 Python fif
BB SR, 1548 numpy AYSRRECAEE O . WAV DA
TR A R R R E AT 26 1Y BLAS BIRE =4 T f&73% . TR Pt i —1Lk
JFAH Python (CHSZEIMAFJLEff, ME RIS LRATHE, B2 “JLER
FH 82 AL C RASELNE 20 £, FTDAFRESRIA— T,

B EMARIFR R, word2vect 22— MUK FEMEREITT R A, BOVE—AM1E
W R PBUUT RS AT 90%B A ZhiafTivt ], X B, &M C =S
T BRI AZ L BIRE (R L 20 47H0RS ) , i — 510 Python &, 2 Cython
VERREK . RAERARIOERFR, AR Cython MMk L& —NF5 75
TR T A—— &R LB Aey ) — 1 HiES , —FhHE Python, numpy Al C
Z IR AEESERIRGY), A E B CRIBEHIAER . (B2 B Python i JIT (B!
I gias) BORMGAAT, Cython WIERERURZFATARAENETE. fH—1 Cython
G YIRS, word2vec (Y Python AZAERASAY I REILAE 5 JFOR A C AL AHH
ETe M—=TE8 numpy RATFIRE A — AU H g E -5 E e H 2 R
A RCASONS EL, FRATHUS 2 1 %0 2% A9 IE A P I L

FEMREY BLAS, numpy A9—T-ERREHE E N ERTE AT A Ay 6 T
BLAS (EAiZtERETHiIfE) . X LR MBRIPIRRES, Ei R AR ALY
B (F/K. AMD 45) (i FIiC.4%. Fortran 5{3% C Mk, ekt AT M—
PR SE B AL BRES ZE A Th M B AR R RE . Biln, TR — axpy 9 BLAS i
FEEITE vector y += scalar * vector x, XFEEGEF MR IFLEHN—
AEEMI BRI = A B AR BERE P, 48 word2vec IYIlZRFR/R L BLAS
PAEFECT BN 4 RS, BB T C HRAHY word2vece FTERE . BRAE T )
ANPRUE, C RIDHEEIEE R BLAS, FTRAX A2 Python SAE{ERAGMES,

numpy FUg LI MR EY) 5 B A R LB TERE S A
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kut, X THE—GE LM LR, BB MIISEE RS gk
AR5, i F 22 2R AR Fu VP 3R AT 13k 2 Python 2 HERR T R 1) fork-without-exec
) POSIX [, i @7E 5340 BLAS FEIE FH BOmHE:, B R0 094 O F
S T Cython, FATREMSHH FUEREAL Python /) GIL (&5 ffREgRat, 1
F 7.8 Ty “fE—EHLEE EAE A OpenMP SEMUFATMR ™), XEHE M
BEZ BT CPU MERTES Lk, HERF: AWl LA 4 %55
NS T 35,

o MTAFEHNE., XA L, FAVEMLIG LT &M, IgGR2amHE, &
ETRAFAEUTRE DB numpy B2 Cob—A~8) T E ] malloc)
ARFEAE R MR . RIS P ECEHSHY “ TAE” WA AR AFAYE
Fortran fYXAR R, EFGRTH 1. X BA9E0)IH02 B AE T4+ Python
R RFHCIRAIY 2%, 7 BRI B R SRR T

o EFREBpIMAL . FORK) CIEF EME S T AMERMBELILL, BIUnTErEr) M
DT FF A SETE N ERR T IO B R, — R A R4
ANIRERRR, BEEIASEIRH) CPU $89UKE . WA Z R AL b 2
#r, XMICILEAHRHMERMAE . MOREITIRE—E [ 2 ke, o
REANEAR N Z AT BN ARSI AR . 7550, AR TRk e i
AR A, ARSI TR 5 1A AERS LU BE (BURZ) Bt
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1223 24

FEAERIH T itk . ATRIIZIRE , MR TR FE20 B8 K 52 S A B
LIE A B ok 55 BARA R B2 —BD “ANRZH” BRI, BARASH T
KAGREL, AR ERRIE “WETR” . HREEM T HESTIER, ibEH
R

12.3 7£ Lyst.com Ry KIS miL FIHLEEF S

Sebastjan Trepca (lyst.com)

Lyst.com Jg—MI TG B FHERE 512, 44 3 A5 2 000 000 S i T Lyst
AR IR, BRI AR ) BB 1 . ERGLT 2010 4F, 1357 2000
T ETTHIRE .
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Sebastjan Trepca J& 3 R B E F1 CTO, fif# F Django A1 T ®ul, Python £ 445
Bh T A Bk pes i 1 8 O AR

12.3.1 Python 7 Lyst gyib{iL
H MMz Ak, Python 1 Django B 442 Lyst BIAZ.0 T . BEE NHHY I H i
e, —4E Python ZH {4 HoAth T B ANE 5 UK Y. R GBI 7R K .

1232 #BHgIt
ERRET T D) EC2 b, BILE R 100 GHLES, BEEEHT C3 L6, BF
R CPU PEfE,

Redis Al PyRes —iE {4 RS AE A7 okt . 2 8dEt% =02 JSON, Hi
ik N5 T, Supervisord iE¥EREARFHEER,

Elasticsearch #1 PyES #{ F &5 r A I)7= i, Elasticsearch SEREFEHE 7 SRS
T 6 T AR, Solr #AImFE, (H 2 F A5k i i) 58 B Fe e m v A e o

12.3.3  FEIRIEAETZAIH €12 B F AL T

5 HH A B B S B R T, obE— A OB RE SRR T, TR
LSRRI RS ERE TR, WRRT A, BATH
RERCTRRY ;A RAE AR R TR RARERS , TR 2 MRS — MFRER 0 6
[, B RE PR NIRRT LRS, A SRR ARG %, (R RS
) R L5 ROARA , SR T2 1

SCH TR (doestring) 7E Lyst il I fRZ——=id — 4SSN Sphinx SCRI R4
BRI T, UGRR 17 R . — R R AR AN B K A R G
e, FATEIHROIER/DIIRS, A RIE VI EE— i B

12.3.4 HEHEEFSIE

HICHERET %M Python K 4itY, (E] numpy Al scipy RitH, #HkK, #HE#E5]
FRPERE K AR E ] Cython RN, BLO IR iz 5€ 4 A Cython K5,
FEET AR AR, X BRI TR RE NS i Python FHY numpy
AR RAIES, BRER, HLRTEHLRER Python Frlle, VEREREEE,
NERFRE numpy BRI AL DL, SRR E 2 nunpy HIYERZRRS], B2
BV B B — Oy B 75 DL . AR AR 75 DA 2 0 ) B O Y
Cython HITEINFF S RIFZ .
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BEE TR R, REMTELAM (RTTTEE REHATHEE TR B Rt 7 3A
118 RAH Y} Elasticsearch H1, FEXNERES, BATEMIER T Java X AT S
Elasticsearch {5, X FHFEEFEFANZE MRS, TEF HELLHEES %S
— SR 3R K B8 R 5 | MR AU FH &, DAARVFFRATTSE 25 5 MLl 55 00 2 1
PR SS WHERE Fok o Java AHEAS SRR AT 2R, JF S T R S R0OM B s = I AR,
AR B LA L2 Python K5, T Python B2tk (FEZE Python
Cython) FUARIEAE,

RIEFATAI 2R, Python 1EA—F R AYE F A M : 26, numpy, Cython Ffl weave
(BEITHYA Numba) %] FI A 0 T H AV THE AR Hh A1 i X B o B+
RAFEIPERE, RIMAERAE T Python BT ISR KAIFRE 1, MRKAIILKE

12.3.5 REMEE

Graphite BHRMURE . 28T, PERERUTERE ZJGRESHANIRES], XA S
RARE AN 00 3 F s 508 4/ R B 2 3 AT B J2 U H- I8 I B 2 B
WEH R

— AN P RE I BT A B B4 B B T AR A R BT, R AR AR R R R A
JH P 375 55 R 4 1 M A S i A

— M TR 3 AR S R R L — N LR B 15 ) 3 30 2 B o A
WRF B — MR EFEMEREIR L, IBAE RS —/ N Ui #E, XA
REASPRIEHL IR, CRFGEATA 55 R A0 08 I S b e IR AR 5 Dl D

Sentry I SRICR IS WT Python IR BRER(E .

Jekins i FH A A1 A7 25005 20 e B OE 2R B A I RE S O AT ALY AE ZE AR
R FAT TR AT R

12.3.6 —LEE Y

A KA T RORIR BRI AR PO AR R HIE B2, H HAE— T 6 2B sk
M. W18 F— BT B TR AW L . AR — DI ERR IR B BT
16, HBrA RN BT IR (RS, ERRar b T80, SRAEIRITAE m E AL
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TN BARA Z R0, FrDAME AR RE AR TARRIAR VY . SR TEREAS 51|26
{2l AppEngine 5{# Heroku Z KA IR A, FRE=TAMAIT,

12.4 £ Smesh B KR ZIE(E 21

Alex Kelly (sme.sh)

& Smesh, FATA = AYELF BT BRIAY R K B Tl S Web 9 Z R ZAERY APL, i
I8 AP REENT, AR AR S E A EE R . filin, 3]
AL T $ORAE Beamly BUXU5E TV B AU THERFE S (tweet) HYIEMITAL,
FREEN M4 EE 847 T — MM EH T 6, AR IIETT T Adwords
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AT EFANEE, TATIBAT TSP FER AR 1R S5 . 20 MEHB A 1R 4E4F (Twitter) |
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12.4.1 Python 7£ Smesh HAE
AU A T Python——FRATHY T2 GRS (8 H BRI 2, ZFOR R RY AT
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XA RN AIRATEE IR (BRE) A TERERGEN T, g, RINE£L
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RERE R F KSR A& — 1> FATHZAESSHH Celery, FF AWS 2 H.
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. XYW T X,

1242 E&
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HHAEFTA B B 0 B PR R T — I TS

B EEATTAET— DI _EREF B DR Btk ] — A SO ) Az 55 1
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FAMIMIERFAGT APT H{H 2, T VP80 . SIA TR E FiRshns, JATEHA
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