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B, HRETFHBAIER TR, “BAAR" AELTRNWBESEEHERED G ILF0E,
Frah 2. BRE I, BEIRG S, RIS B I, R R E I I T A1 2,
RN IR IR A, 5, BRI mIRE R, BAEA LS5
WERET, B, Bk, 'R, SERNL. B, GRIESFEF LV EIRE, DIRFLE
R AT Z AL E NBEA T REE G Bl (FELEi02 FEIR ST ) .

FEXEERE 2 h B OB A, X BRI AR i Lh3A e A4S —
A7 > Al HH X £ A

=1 3 4
1.2 (TARHEN=F
ARME—NTEEBIRFHERRV IR, BARPH AR AT 25 m08? i & HHRLRE R
MZGHLR, REUTERPITRIFAR (K, RiGaR%R). 5B, AL8dnF
FROFRGE LK, WA LB KN TR, A RBEFHE KR E 5
LR, A B RF A KX T RS . GEER A XA L0, HR



W BREAIER, A SRR KA RIS (FRBERAFERT)., B2, &
FARME CBIEFH AR, B SHREI L R B A5 XA E Lo

i, RIFASHLERANZKABIEF A K T E L BATNA, BAEFEFOEREM MIEREL
BAE R RN . AR, R HATTBNE D Tk,

ZEAEIA-, —A> 40 OkCupid IIZ) 2 WA T 242 RAREI A @ x4, SRR Z LT
ANAl ., OkCupid Jf idt 43 Aix 262 S0 i 2 R wT AR EETC %5 K AR (R, DAt 5 M
FIFA DML Z AR ZI S 58 2 KT ie B S =22 (http://blog.okcupid.com/index.php/

the-best-questions-for-first-dates/) .

2 F, UR{E Facebook LTRZHER M EhAIfE R, Rl LA, Wik ER
BRI IR 25 S AR B R, B AR, Hkhr b, BROLUAAL, BBGEE o 5 B h P4 B
S WF 5T 4 Bk 2 BB (https://www.facebook.com/notes/facebook-data-science/coordinated-
migration/10151930946453859) , 8¢ WFFEA RIERBAIEY 2255 Al & (https://www.facebook.
com/notes/facebook-data-science/nfl-fans-on-facebook/10151298370823859) ,

F—F, —A 40 Target FIRTIRAER, SBENHTH L L& TIWLS B a5l
(http://www.nytimes.com/2012/02/19/magazine/shopping-habits.html) , M F143 #7, T 9 W6
Se FRZET, DAME A A A E r R B R

B, A AR 2012 AESEERIGI. MRS AN R TIRZ BRI R, LR
TRAEGE RATAR S Bt , il Bz H IR B R AUE RS o A A T3 o SR A 0 v WP LB a4 1R
TEE LR, JRER A SRR G 5, SR RO HE R RER S e G S b B
Ja, WEDRES, RIS R EEESE. AT ISR R A B, [FR, X
B B B AE AR TEE th S EOR A M €, — I BUEE S MR TR i Ik,
SRR 46

BAE, ARIRIBTE AL RIBRBEE, IROFEMIRIRS S ——HAR PR AR /R S %L
i S Bh B eF A LVEZ R (http://www.marketplace.org/topics/tech/beyond-ad-clicks-using-
big-data-social-good) . HBhiiR# (http://dssg.io/2014/08/20/paths-homelessness.html) . 23t
s i BE (https://plus.google.com/communities/109572103057302114737) 2%, 244k, nif
RAEAE AT Ty okt ) i 38, X RHRAEOL K R th AN A 204,

1.3 H¥EhEai%: DataSciencester

K= PRPETETE R4S DataSciencester FY4#E £ T 1E. DataSciencester A& 5z FH2 5]
IS M2

BARSFR A BARFI £ KRS, DataSciencester HIMRERATHARFHAT S (RIFEHM AR K H




HOR™) . 25K, XRIRATAE, A, Bl i o g ok /e TR REE A — A4~ )
A, RSE VR PR . A VA& BRI PRI EE, AR S S5 M
S ELANE BT, AT A st RSl R A R

DataSciencester #il 5 — Fl 455 9l 58 21 1 J7 61 K5 i —— “dEF% & JE” (Not-Invented-Here,
NIH), BI TAEAR{ERABIN THMAHH CEFOR, IR TIEZE, (RS mEAR
PAREBAEFRLE, Rk, REFLUK B Crts AT EE A s, st ma B

[

HAWAA, Bibrers! AR DAk B, DEFEA T RTAM,)

1.3.1 SHIEEHERA
HAE, {RFE DataSciencester JFAR5H —RKIU TAE, LK ERELS —BEA —L&T% 1R
HA G, DIRTHRATIATHE, BERE T, MhRrslEss,

F—, MFEIRENH B AR PR SR N, B b #%45 IR DataSciencester fit
FR P RIE S R . (SKPn AR, (REZERIEER A SRR 5 2 btk . BAES 9
B HE BRI 5 )

WHGK R, S — A R & A PSR, SR TR — A (A
dict), I EE TH A ID (B 1d) AUk & (B nane, (ERCHUECHRT, name 15 id
MR R -

users = [
{ "id": 0, "name": "Hero" },
{ "id": 1, "name": "Dunn" },
{ "id": 2, "name": "Sue" },
{ "id": 3, "name": "Chi" },
{ "id": 4, "name": "Thor" },
{ "id": 5, "name": "Clive" },
{ "id": 6, "name": "Hicks" },
{ "id": 7, "name": "Devin" },
{ "id": 8, "name": "Kate" },
{ "id": 9, "name": "Klein" }
1

mIkE, Mbthze TORM P “AABERT BARFIER . X FIFRAITCER BRI id.

friendships = [(0, 1), (0, 2), (1, 2), (1, 3), (2, 3), (3, 4),
(4, 5), (5, 6), (5, 7), (6, 8), (7, 8), (8, 9)]

Eeanit, ST (0, 1) For id A 0 BIEHEFHEA S Hero A1 1d 24 1 A4 7% Dunn & M
Ko XL Z AT LUAE 1-1 ik




® 1-1. DataSciencester f4&

FAUE R dict For o, BTG (MR e 2 Kot o

HRT AN SELY SRR AN, FRAMTATER 2 B4R IRIE S 2] Python, BLIEIRA
T KRBT IR DhRE .

bean, ARFBAIA B A PRI — A AHIE, B e T P Al — A 22513

for user in users:
user["friends"] = []

A friendships $#EIEFE .

for 1, j 1in friendships:
# XRERIERZ R Ausers[11&1d A UNH P
users[i]["friends"].append(users[j]) # #=ihnhifdinAk
users[j]["friends"].append(users[i]) # IEiMAiIIlA
SR Z )G, AP dict BRSRE — N IASZR, dEimm el AR AHFIE A 2% 5% 2
Feandln] “PHmR e £ /0" (B H P ESE LK) .

ERTHRL 23R AR AL, XTI LY friends ZIFRAK R AN

def number_of_friends(user):

"""how many friends does _user_have?"""
return len(user["friends"]) # Hl|Ffriend_idsfyK g

total_connections = sum(number_of_friends(user)
for user in users) # 24

SRIE . REERLH AL




from __future__ import division # MR EES A
num_users = len(users) # %l|FusersfiyK &
avg_connections = total_connections / num_users # 2.4

FEAEIRES BN, WEREZBEANNBERAEREZIMAE BN,
B PANL , FrLARBAR J5 8 s AR A8y 2 /0 HE) T -
# QlE—/~%F(user_id, number_of_friends)

num_friends_by_id = [(user["i1d"], number_of_friends(user))
for user in users]

sorted(num_friends_by_id, # iR
key=lambda (user_1id, num_friends): num_friends, # num_friends
reverse=True) # MK E e/ T

# g—XTER A& (user_id, num_friends)

# [(1, 3), (2, 3), (3, 3), (5, 3), (8, 3),

# (OJ 2)’ (4’ 2)1 (61 2)’ (7J 2)’ (9’ 1)]
AR DL BT AR — AR AL AR N R & O T s, B b, DL ETFRBE A F s
M, MR, mE 12 For,

1-2; FFBEZiTE DataSciencester BIMLE A/

EdLOMERIA S, (HARESANIRATE, kbén, fE DataSciencester UM A1, Thor (id 24
4) HAWAEARE, Dunn (d A1) =4 MR LREGE, BEW LB Thor AT
RO, 55 21 TS SL RINE L2401, WIHE LT rOoMEmE s, el
ARE S H 3, WAREA K,

1.3.2 {RATREAE I HERZFRK
MRTEAES S AT, A DRSS R R, M SRR 501
LI, WA R “TRAENEIRRR AR AR,




PRI E SR P AT RES AN AN A . X ASHETHSR . XA, Rk A
MK, FIaaitaik.

def friends_of_friend_ids_bad(user):

# foaf & “ BAI A 3R B
return [foaf["id"]

for friend in user["friends"] # 45 —{iH A
for foaf in friend["friends"]] # #ZIMMIAIIAL

YA 134 users[e] (Hero) M LIHX/AS B, BRISRERA:

(e, 2, 3, 0, 1, 3]

[Rl >4 Hero &M Wi 7 IR A IR, BrlASE R W& Bk A P 0, [EE, BEoAHS 1 FnH P
2 # & Hero WIAAK, FRUMBBEESE R, tesh, BT Chi ol DUE A 1 FH ) 2
S5 0BRA, IS THMK:

print [friend["1d"] for friend in users[0]["friends"]] # [1, 2]
print [friend["1d"] for friend in users[1]["friends"]] # [0, 2, 3]
print [friend["1d"] for friend in users[2]["friends"]] # [0, 1, 3]

AR, ANTATCGEE AR A IR, 2ok Rk, B HVF AT CAs - — A3k [E Y
A, MtbRFRMAR 4. R, AT HERAE TR BRI 7, BAFE kL
— ™ B R Bk SEELX A~ T RE

from collections import Counter # BRI INZL

def not_the_same(user, other_user):

"""two users are not the same if they have different ids
return user["1d"] !'= other_user["1d"]

nwun

def not_friends(user, other_user):
"""other_user i1s not a friend if he's not in user["friends"];
that is, if he's not_the_same as all the people in user["friends"]"""
return all(not_the_same(friend, other_user)
for friend in user["friends"])

def friends_of_friend_ids(user):
return Counter(foaf["id"]
for friend in user["friends"] # XM — K
for foaf in friend["friends"] # IHEuftbfi 1AL
if not_the_same(user, foaf) N

and not_friends(user, foaf)) # WAL

print friends_of_friend_ids(users[3]) # Counter({0: 2, 5: 1})

XA AR IE R JCIRHIEE] T Chi (1d 24 3) FiHero (id 24 0) AHALERIAA, Fi
Clive (id 24 5) H—/HLEIRINA.

HTF =M EEEF AR A, RATRES EREE A LRGN (XAl IR RoR T

6 | E1E



Bt KL lkieie) . Sz, Wikttt volgk, Aol Bod & (user_

id, 1interest).

interests = [
(0, "Hadoop"), (0, "Big Data"), (0, "HBase"), (0, "Java"),
(0, "Spark"), (0, "Storm"), (0, "Cassandra"),
(1, "NoSQL"), (1, "MongoDB"), (1, "Cassandra"), (1, "HBase"),
(1, "Postgres"), (2, "Python"), (2, "scikit-learn"), (2, "scipy"),
(2, "numpy"), (2, "statsmodels"), (2, "pandas"), (3, "R"), (3, "Python"),
(3, "statistics"), (3, "regression"), (3, "probability"),
(4, "machine learning"), (4, "regression"), (4, "decision trees"),
(4, "libsvm"), (5, "Python"), (5, "R"), (5, "Java"), (5, "C++"),
(5, "Haskell"), (5, "programming languages"), (6, "statistics"),
(6, "probability"), (6, "mathematics"), (6, "theory"),
(7, "machine learning"), (7, "scikit-learn"), (7, "Mahout"),
(7, "neural networks"), (8, "neural networks"), (8, "deep learning"),
(8, "Big Data"), (8, "artificial intelligence"), (9, "Hadoop"),
(9, "Java"), (9, "MapReduce"), (9, "Big Data")
1

fgilZn, Thor (id A 4) 5 Devin (id 24 7) EAIKFERIAA, HALIIRHLE S S ERE
AR T AR O R A I R 2 A P, AR S T A A e 5
def data_scientists_who_like(target_1interest):
return [user_1id

for user_1id, user_interest in interests
if user_interest == target_interest]

B, RHEAE SRS REBT LA DRI, R PR % 8038 1P B4R AR
% (SIMARB L T 2B ), XMFELERI FFIZE R A SRR, Fibirhe
HESL—A SRR AR 5| BRI R

from collections import defaultdict

# finterest, [HA2 A X Minterestffuser_1di%1|7%
user_1ids_by_interest = defaultdict(list)

for user_id, interest in interests:
user_1ids_by_interest[interest].append(user_id)

VLI 55—/ W RS 2351
# flFuser_id, [H &% buser_idfJinterestfly%I|3
interests_by_user_id = defaultdict(list)

for user_1id, interest in interests:
interests_by_user_id[user_1id].append(interest)

BUE, SE—/ P, AU R 5 3 R Z AT R 2 R P

o EAGXAH SRR

qu
&
~N



o EIREAS R PR G, SRR P, s
o AR P ETEI A B R
def most_common_1interests_with(user):
return Counter(interested_user_id
for interest in interests_by user_id[user["1d"]]

for interested_user_1id in user_ids_by_interest[interest]
if interested_user_id != user["id"])

BTk, SadbREIATIARIL R, ATEVdS. — N E R HIIRE IR LI ANE R B
FHER”, XRB AN TRAESE 22 TR,

1.3.3 IHRE5IEER

MRS BT, A3 REBTTATRILE AR BRIV A E, [RIREEARES b4
f— 26 TR AR B R A A RS, 242k, RO LRI AN R U, Mg
BHT—mELH, Hhasai AP LE (salary) FI{EAEIERHS 5 LI/EFRR

(tenure)

salaries_and_tenures = [(83000, 8.7), (88000, 8.1),
(48000, 0.7), (76000, 6),
(69000, 6.5), (76000, 7.5),
(60000, 2.5), (83000, 10),
(48000, 1.9), (63000, 4.2)]

WA, FE—PREHEE (583 EAEMNR), wiE 1-3 Pos.

100 000 . AT LRI LS
90 000 |
80 000 |
470 000 -
60 000 | .

50 000 -

40 000 - -
0 8 10 12

6
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Bl rh FOREISE R IRII,, TR AR . 52 TR T BRI MnfaliFix A
REACBCEA BRI, PRE e B 7% % — T REIEIIA

# fagyear, [H 244 tenureffysalaryiysil#&
salary_by_tenure = defaultdict(list)

for salary, tenure in salaries_and_tenures:
salary_by_tenure[tenure].append(salary)

# fgyear, A E & AH B tenuref) -1 salary
average_salary_by_tenure = {

tenure : sum(salaries) / len(salaries)

for tenure, salaries in salary_by_tenure.items()

}

Sebr b, AEATPFAS PR A AR A TORAERR, AUl bk AR VE AR,

T AP AL -
{0.7: 48000.0,

1.9: 48000.0,

2.5: 60000.0,

4.2: 63000.0,

6: 76000.0,

6

7

8

8

N U w N

.5: 69000.0,
.5: 76000.0,
.1: 88000.0,
.7: 83000.0,
10: 83000.0}

—AEAE U AR P TR 4

def tenure_bucket(tenure):
if tenure < 2:
return "less than two"
elif tenure < 5:
return "between two and five"
else:
return "more than five"

PR AR A L3 AT

# fLtenure bucket, {HAEAH )V bucketfsalaryfy%1|5
salary_by_tenure_bucket = defaultdict(list)

for salary, tenure in salaries_and_tenures:

bucket = tenure_bucket(tenure)
salary_by_tenure_bucket[bucket].append(salary)

wln, WREA S HFE T

# ffktenure bucket, {H &%t HB/ bucketffJaverage salary
average_salary_by bucket = {

4

=]

BB

/
a
~



tenure_bucket : sum(salaries) / len(salaries)
for tenure_bucket, salaries in salary_by_tenure_bucket.iteritems()

}
X A BBV R .

{'between two and five': 61500.0,
'less than two': 48000.0,
'more than five': 79166.66666666667}

BUE, RERIZEE. “F 5 FELU L TAEEIRIEDE AR LR8I A S 65%.,

B, BMWEFELEER. BIEAFRRNRE, FOEkR, ELN TIEEREKRE
EEHTHRWA . 4 T HREIE L AR, AT LA 2R AR R T . AT 16
FEAE 14 BRTHX AL,

1.3.4 (T
LR A F S, WA ERT TR EILE SRR, A E A7 T ARMBLE F P2 Nk A B, st
AP AL, (MhamEmifas, EXSEEARENERH,)

PREFEFIE TARAEFRANS Sl P Z NP A7 AR — T 6 &

paid
unpaid
paid
unpaid
unpaid
unpaid
unpaid
unpaid
paid
paid

NV N

B 0000 ~NOODRNRLO
N = uun

@ -

BT TG ARG P ] T4 8%, i ABLE HAT v 48 AR BRE P 1] T A4 2

HIBE, AR ORAT SR G — AR —— RO Ao QR R T R A R —— R & I
X TAR I AT A 387wt R S TARERRAE PR A8

def predict_paild_or_unpaid(years_experience):
if years_experience < 3.0:
return "paid"
elif years_experience < 8.5:
return "unpaid"
else:
return "paid"

4%, RNEZEEBITXATAA,




FIRE Z 8 CRSE 2 FORCF L), AT AR T 0 P i 0 A IR 00 = A+ 9 )
AREtE, AISAER 16 WX KRS,

1.3.56 M@BEM

ORI M 2 85 RS — R TARRE, NSRRI TR RILEOR 7 K, & TR 2Ry
FRUE A P BSL R, DAEIR I b TR H . RE A 1ok B A SBHERI5H YR
SRR -

interests = [
(0, "Hadoop"), (0, "Big Data"), (0, "HBase"), (0, "Java"),
(0, "Spark"), (0, "Storm"), (0, "Cassandra"),
(1, "NoSQL"), (1, "MongoDB"), (1, "Cassandra"), (1, "HBase"),
(1, "Postgres"), (2, "Python"), (2, "scikit-learn"), (2, "scipy"),
(2, "numpy"), (2, "statsmodels"), (2, "pandas"), (3, "R"), (3, "Python"),
(3, "statistics"), (3, "regression"), (3, "probability"),
(4, "machine learning"), (4, "regression"), (4, "decision trees"),
(4, "libsvm"), (5, "Python"), (5, "R"), (5, "Java"), (5, "C++"),
(5, "Haskell"), (5, "programming languages"), (6, "statistics"),
(6, "probability"), (6, "mathematics"), (6, "theory"),
(7, "machine learning"), (7, "scikit-learn"), (7, "Mahout"),
(7, "neural networks"), (8, "neural networks"), (8, "deep learning"),
(8, "Big Data"), (8, "artificial intelligence"), (9, "Hadoop"),
(9, "Java"), (9, "MapReduce"), (9, "Big Data")
1

R (EIRAEI D) BT IR AL — T 5B Rl A /4L

L /NE R (EAARPH A A —E S KRB BITHER)
2. B ek A

3. B—EEE R,
T AR

words_and_counts = Counter(word
for user, interest in interests
for word in interest.lower().split())

FIH B — R UL RV IR & IR S HY :
for word, count in words_and_counts.most_common():

if count > 1:
print word, count

XA T URATIIREEE R (BRARMRAELE “scikit-learn” 43 fR B ANl ABFERRAS S5 15 20T
BIERT) -

learning 3
java 3




python 3

big 3

data 3

hbase 2
regression 2
cassandra 2
statistics 2
probability 2
hadoop 2
networks 2
machine 2
neural 2
scikit-learn 2
r2

FRAVSAE 20 T2 215 2 B S ISR & 2057

1.4 RE

BRI TAERER %I rEERE, EHGEE NGRS M) [ 8 B SR, B L5
Y, FrLA B R R — T, (4580, RISEEZEHIIBMEL TE-8K T PHRHKEK
HR A,)

m
ik
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B2E

Pythons& Ry,

VA EAE, 25 F YAk Python 464 % ik 4,
—iF R - AR
DataSciencester 3K BT A7 i1 L ARSI, Hi A #0505 24 )8 Python 3 %,

AT AESEHENY Python F5IZRE, (0 sR R Aot B fi 15 B 2105 (oA Ly ek
Python B2 IZFEIE 2 .

2.1 EB#RNE

2.1.1 Python¥kE{

|l L4 M python.org (https://www.python.org/) W 3l ' #% Python, {H & Xt T % 5 % %5 it
Python HYiE#, e BIHERF 223 Anaconda fRA  (https://www.continuum.io/downloads), XA~
A i % T R TR AR R 2 5%,

YR EAPBES, Python RUEFTR A 3.4, {H/&, fE DataSciencester, A 1{dH—4~IHAY
A[4ERR A, Python 2.7, Python 3 JGidi[nl 5% Python 2, KRR % FZ22hEE HAE(E Python
2.7 ERAFEfT. BHBRFFEAEX S, 27 A —EAER, RIWFefE 8. Hkkg
XA,

AR R Anaconda Wi AS, HB 4T L% pip (https://pypi.python.org/pypi/pip) , iX A& —
/> Python WL PR E:, FTLANDR G b2 =5 (K ALl FEH), Python

13



(http:/fipython.org/) HAEE, VBN E AL,
(ARIRE L% T Anaconda fRAS, ‘BAIRAFHFN pip 5 TPython FE% )
BT

pip install ipython

WURBERER R RTIRE S, FTEME R LI RPN

2.1.2 PythonzZ##

Python AU 15 M (http://legacy.python.org/dev/peps/pep-0020/) A &L ZHIEM, R
import this FLHETE Python fi#fEas H —Fi L.

R ZHE N Z
RgA — B RIF AR —A—— L6y 75 K& A TAE,

MR “BHE” iR G AR UL T REMR AR BR) 05 RS & & 9o A
“Python JAt%”, RUAEARFBAZEL 128 Python 19345, {HIRATRASEF b 45 LL K Python AUk
FnE Python XUA% A 5 SR o AR ] () RIS 22 57, 1 ELOR R 85 &5 & B Python RS2 T 4T
AR 75 5,

2.1.3 TAEK
2 g iE 5 IG5 R fCidse, Python i FH 45 1R 5 R

for 1 in [1, 2, 3, 4, 5]:

print 1 # "for U'ERFHAVE—4T
for j in [1, 2, 3, 4, 5]:
print j # "for J"REFFHLIE—1T
print 1 + ] # "for J"REFFHLMIE—1T
print i # "for U'REFHLANRE—1T

print "done looping"

XHESAE Python fURARH 5%k, (HX W BHRBERTEARR /DO, RAXERTTE S
4GSRz A, X ITCRAIH SRR A H

long_winded_computation = (1 + 2 + 3 + 4+ 5+ 6 +7 +8 + 9 + 10 + 11 + 12 +
13 + 14 + 15 + 16 + 17 + 18 + 19 + 20)

FHae AR T S
list_of_lists = [[1, 2, 31, [4, 5, 6], [7, 8, 911

easier_to_read_list_of_lists = [ [1, 2, 3],




[41 51 6]’
[7, 8,911

PR AR AR ERE T 1785, RAERA BT A E I

two_plus_three = 2 + \
3

75 AT — A 5 Ao TR ACD & il RS G 2 Python Y shell, Fban, AR ORREIEACRS .
for 1 in [1, 2, 3, 4, 5]:

# EBXANEAT
print i

FERENE A —F% Python shell Ji7, SEFILLFIES:
IndentationError: expected an indented block
KR 2 N A 217N for JRIRRASE,

IPython A — a1 b [ B 4L %paste, W LAIERRHLE BTGB LN %, BEEEAEAN. X
AR BUR LLBR I FE(E ] TPython FIAFEEH

2.1.4 &R
Python FURELERHERINA NG, & TIESAFHESRAE, Wi & THEE AT THm
F=TIRHE. AT X EERE, RTEESAEESXERERTE,

— T o B AR AR 5

import re
my_regex = re.compile("[0-9]+", re.I)

X HLE re REAE TAHLIENZFREXFFLEAN R E S F BB, A tnport ZJ5, fRA]
DL RS re. Sk EAETA F B O e 4

AR Hh 2 T AR re, RTLAE IS4 .

import re as regex
my_regex = regex.compile("[0-9]+", regex.I)

WRBRALTOR, S RTRERRE TR, AR ATk, ean, fRE o A
P matplotlib Kbl LML, Frifld&dfian T .

import matplotlib.pyplot as plt

IR IRFE A — 2R (E, TLAVERSA, EREN, ABREaRERAR, 4

PythonikhY | 15



THIR:

from collections import defaultdict, Counter
lookup = defaultdict(int)
my_counter = Counter()

WRPRRERIAE, LU SRS A GRS, X WES AR E %R E
SR

match =
from re import * # WL, reff—/~matchif %L
print match # "<function re.match>"

HAE, AR E B BX AR

21.5 Hix

Python 2.7 BKINEERR, BAIUL S / 25T 2, (HE2RX P A e B TR EERY, BRSOk
XA

from __future__ import division

KRS [ 25T 2.5, ABEHRIFTAROIRETFR ARG, EOBHEERRINET, K
AT LAEE R s /] 2 %0m,

21.6 B

PRBGE — RN, B AT SE b, BRIV . £ Python i, FRATTH] def 5 L
BRI -

def double(x):
"""this is where you put an optional docstring
that explains what the function does.
for example, this function multiplies its input by 2"""
return X * 2

Python FREUE % — £ 3, B REABEHRE TLLRE IS KA &, el H 2
B—MEARB A AL
def apply_to_one(f):

"""calls the function f with 1 as its argument
return f(1)

win

my_double = double %ﬁZﬁil%@ﬁ
x = apply_to_one(my_double) T2

WARES 5y e TR E 44 BB, 8% lambda




y = apply_to_one(lambda x: x + 4) # TS
PRATLANKY lambda WEES A8 &, RV KB NS EIURA def:

another_double = lambda x: 2 * x # X o
def another_double(x): return 2 * x # TEX4(i

BN H it T DRI 28 s B S A, S IRTR BN MBI 75 S B A AR

def my_print(message="my default message"):
print message
my_print("hello") # FTEN"hello"
my_print() # ¥TE[I"my default message"

Al E AR ES A EH

def subtract(a=0, b=0):
return a - b

subtract(10, 5) # ix[9|5
subtract(0, 5) # jx[A]-5
subtract(b=5)  # FIEj—A)—HkE

AT CAA AR 2 1R 2 R L

2.1.7 Fff&#

FAFR AT LB S [ S8 W Shritoattick (HSI SR, BIRs 53 RS, W
SISXMEIZ) -

'data science'
"data science"

single_quoted_string
double_quoted_string

Python I RRHEA A FFIAR T4 Sl ELan

tab_string = "\t" # FontabFfF
len(tab_string) # 21

IR IR B R BRI R KA S (FRIE Windows ZG¢H ISR i3 ENIFR A
WEFLIBH]), ILATLMEM A4 o R/ RAGHIFIF

not_tab_string = r"\t" # FoRT\ Rt
len(not_tab_string) # 22

PrefCLEE = [WE] SIS RAERZITITR .

multi_line_string = """This is the first line.
and this is the second line
and this is the third line"""

Pythoni#®Epk | 17



21.8 BE

MR RSN, Python 4RI A F . ACRAKCER, S S oUEREF B, FRATLAUE try Fi
except SR :
try:
print @ / 0

except ZeroDivisionError:
print "cannot divide by zero"

FEFZESH, PHEREREE. (B Python i, {RALFWEIWTE, HERESHIE
WA ACH Al I T 2k AL

21.9 3FE

Python H A ARHVERE M2 7R (List), — AN FIFRE— A FNES, XK MIES
HRAECH 0L, EE N T R B RE . )
integer_list = [1, 2, 3]

heterogeneous_list = ["string", 0.1, True]
list_of_lists = [ integer_list, heterogeneous_list, [] ]

list_length = len(integer_list) # EET3
list_sum = sum(integer_list) # %5T6

PRAT LA 75 45 53 PRI n AT R E AR -

x = range(10) # Z&%lF[0, 1, cees 9]

zero = x[0] # 210,53 E0-22011Y

one = x[1] # 5Tl

nine = x[-1] # 19, Ikl — =Py thontf H s
eight = x[-2]  # %8, BIKEE AT FHIPyhtonti Ik
x[0] = -1 # BExREL-1, 1, 2, 3, ooy 9]

PRFTEAAT 65K “UIH” Fil%.

first_three = x[:3] #[-1, 1, 2]
three_to_end = x[3:] # [3, 4, ..., 9]
one_to_four = x[1:5] # [1, 2, 3, 4]
last_three = x[-3:] # [7, 8, 9]
without_first_and_last = x[1:-1] # [1, 2, ..., 8]
copy_of_x = x[:] #[-1, 1, 2, ..., 9]

Python Al LAidid #2UEAF in BRIASIZ AL 01«

14in [1, 2, 3] # True
0 in [1, 2, 3] # False

BN R ARSI T FIF e R . XK ERRAESIRR D, SN ROZE TN (BRARRA
FEPRIANT AL Z KRR




FHIR B ERRRAE S

x = [1, 2, 3]
x.extend([4, 5, 6]) # xPfF&[1,2,3,4,5,6]

AR RBCREFH x, PRATEME FZIZ N -

X
y

BRI, — IR ARSI b I — T

[1, 2, 3]
X + [4: 5: 6] # y%[ls 2: 3: 4: 5: 6]§X%Z:§E,'J

x = [1, 2, 3]

x.append(0) # xBLERLL, 2, 3, 0]
y = x[-1] # Z5T0

z = len(x) # T4

ARARFESFE TR/, PTEATS (M A 4R U

x, yo=[1, 2] # B{ExRL, yiE2
Ak, aREXFNR TR BAE , SR valueError,
AR AORA L MG L, B DA AE T R RI £k

>,y =11, 2] # %Ey==2’xﬁq§é‘t‘¥#4\ﬁ%%'f+/éx

2.1.10 x4

TCHRFIFRAGER AR R SRR Z R IER AT DO T, (EAEREESR, THld
S (B LHAIN) AR T3 45k 45 R AR Hfifid -

my_list = [1, 2]

my_tuple = (1, 2)

other_tuple = 3, 4

my_list[1] = 3 # my_listBlfER&[1, 3]

try:
my_tuple[1] = 3
except TypeError:
print "cannot modify a tuple"

TCAH A I bR B0 1] 2 TR HE TS 75 -

def sum_and_product(x, y):
return (x + y),(x * y)

sp = sum_and_product(2, 3) # %7(5,6)
s, p = sum_and_product(5, 10) # s#t15,p+&50

PythoniER, | 19



JCA. CFngl2) #ReTLAEST $ £ 4A (multiple assignment) :

1, 2 # BEx@1,yAE2
y, x  # Python KUK I s, BLIEXAE2, y il

XJ y
X) y

2.1.11 =8

Python HifY 75 —FhEEA KIS S T4, i SRRk, LRI DA i B gt
EEIRSINATR

empty_dict = {} # PythonXUf&
empty_dict2 = dict() # /b AgPython AUEE
grades = { "Joel" : 80, "Tim" : 95 } # i

PRt AT DAl il 75 45 -5 A R A8 -
joels_grade = grades["Joel"] # %780

AP BE A FE iy, 37551 KeyError

try:

kates_grade = grades["Kate"]
except KeyError:

print "no grade for Kate!"

PRATCAM in WA BEHIAF /£

"Joel" in grades # 1EH
"Kate" in grades # iR

joel_has_grade
kate_has_grade

AERA ARV A F I AR, TR DA T get R MIBKIMA (MR ) -
joels_grade = grades.get("Joel", 0) # %180
kates_grade = grades.get("Kate", 0) # Z:T0
no_ones_grade = grades.get("No One") # BRIAAYERIAE ANone

PRI LA 1 75 4554 A B TE X T -

grades["Tim"] = 99 # BT IHIE
grades["Kate"] = 100 # BT =AM 0%k
num_students = len(grades) # 4T3

FA 1 B R A BRI TR 205 5K

tweet = {

"user" : "joelgrus",

"text" : "Data Science is Awesome",

"retweet_count" : 100,

"hashtags" : ["#data", "#scilence", "#datascience", "#awesome", "#yolo"]
}




Br T AR E R, BTSRRI ATE

tweet_keys
tweet_values
tweet_1items

tweet.keys() # B
tweet.values() # [HFIZF
tweet.items() # (f, [H)cdlmrizx

"user" in tweet_keys # True, {ifi R I07FR
"user” in tweet # SERFA Py thontSt HIi: , fd F Headt g - gt
"joelgrus" in tweet_values # True

FHAHEA SR, THEARERIIRIEARE, aRIRHEE 248, ROZE T
B BTL B AR B R

1. defaultdict
BRI R E G SR R AT H . — BB, BN — R e, (HR R
T BRI 78, R URAR B AN ], AR TR AR X AN, SRR TR T4
ey, R B X AR, AR A TR N EX A T

word_counts = {}

for word in document:

if word in word_counts:
word_counts[word] += 1

else:
word_counts[word] = 1

A PR e (B RE S S R I, RATDLEE 5 HME RTINS, A Wi473h” (Forgiveness
is better than permission) FYJENI|, FLHTALPR S .

word_counts = {}
for word in document:
try:
word_counts[word] += 1
except KeyError:
word_counts[word] = 1

BB get, X FRALRR bR I (E D J5 3 LLA e A -
word_counts = {}
for word in document:

previous_count = word_counts.get(word, 0)
word_counts[word] = previous_count + 1

CL_b =5 S0 B2 Hl, X A& defaultdict YE L ZTTE, —A> defaultdict #H24F—
MERE L, BRT MR — /N EE USRS, e R 2 5eR B
SE—ASER R, FEAERIERIN 1, S T{EMH defaultdict, PREEEHHINEATFH.

from collections import defaultdict

word_counts = defaultdict(int) # int()E R0
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for word in document:
word_counts[word] += 1

XAFIFE . FIECE VR A YR EBCERA A -

dd_list = defaultdict(list) # listO)fg— 123753
dd_1list[2].append(1) # BifEdd_listm & {2:[11}

dd_dict = defaultdict(dict) # dict()F=d— /i
dd_dict["Joel"]["City"] = "Seattle" # { "Joel" : { "City" : Seattle"}}

dd_pair = defaultdict(lambda: [0, 0])
dd_pair[2][1] = 1 # BifEdd_pairfn&{2: [0,1]}

YAV Y FEese b EE R, AT R R AR S DA AR T — i
I3, defaultdict dE A H.

2. Counter
AT AT A ST AR S (B defaultdict(int)) 1
BRI R, BB eRERE A

from collections import Counter
c = Counter([0, 1, 2, 0]) #oREARAW) {0:2,1:1,2:17}

XEEFRAHRAE T — /> FR AR A TR B ) AR TR A PR 5 725 -
word_counts = Counter(document)

—A~ Counter LAY most_common J5 740 T -
# FTEN10/ B WLA AR 1R T4

for word, count in word_counts.most_common(10):
print word, count

2112 &&
TR RS (set), BRRAHATRRMNITSH:
s = set()
s.add(1) # sELfERL
s.add(2) # sELAEAR{1,2}
s.add(2) # siba{1,2}
x = len(s) # T2
y=21n s # ZTTrue
z=314ns # ZET-False

FAMEHEAER EZARAD . B 2EA LA AR REARIE: in, R3]
ARERTH, 2R TR, BAEHEALEHIIRERERZ .

stopwords_list = ["a","an","at"] + hundreds_of_other_words + ["yet", "you"]




"zip" in stopwords_list # False,[HFEZEH

stopwords_set = set(stopwords_list)

"zip" in stopwords_set # JEE s A

B AR TAE— LA S & Sy E -

item_list = [1, 2, 3, 1, 2, 3]

num_items = len(item_list) # 6

item_set = set(item_list) #{
# 3
# [

num_distinct_items = len(item_set)
distinct_item_list = list(item_set)

oA 18 H set HISRZRILLAL T dict F1 list,

2.1.13 #=Hli

R ZEIRRELE S —HF, VRATLU A IRk T — P SR04 73D

if 1 > 2:
message = "if only 1 were greater than two..."
elif 1 > 3:
message = "elif stands for 'else if'"
else:
message = "when all else fails use else (if you want to)"

HWRTLAAE —471E R {d F if-then-else, Fefl 1A IHETEEX 206

parity = "even" if x % 2 == 0 else "odd"
Python 1, while {E¥1 .

x =0

while x < 10:

print x, "is less than 10"
X +=1

RUEFRATHE A for Al in.

for x in range(10):
print x, "is less than 10"

ARARTG S F AAE HAGA A, TLME ] continue 71 break.

for x in range(10):

if x == 3:

continue # AT RGN
if x == 5:

break # SEAIR A
print x

Pythoni if,

23



LHRIEMSATE 0, 1. 2 F14,

21.14 EFE
Python WY /RECR T & FEERE 240, Hifth FHEEFIR 25 BIWITE 52400

one_1is_less_than_two = 1 < 2 # ZTTrue
true_equals_false = True == False # ZET-False

Python i fil None RFIR—AATFERIIE, BRIBIATEE 5 H Y null.

X = None
print x == None # FTENTrue,{Hix FfEPython 5 vk
print x is None # FTETrue, 754 Pythonfyfit F vk

Python R UAME FHEN /T BN ARAT /REIE ., Tiix 2t “fi” (Falsy) :

e False
e None
o [1 (/= list)
o {1} (—/ = dict)
o set()
e 0
¢ 0.0
EAERZERMEAE (True) KA, XAEIRATUMRA S HE ] Af IEApR A2 5% 5
FFo s T IR . AR, ACRIREEA BIRENX AT A, S5IA—LEfHAbi bug:
s = some_function_that_returns_a_string()
if s:
first_char = s[0]

else:
first_char = ""

T — PR B T A
first_char = s and s[0]

AR AE—AMER KT B, and BRAGR BB AME, SN EZE-AE, 2%
s, anf x B HUE AT REAE — A Bt rT RE2 None, B2 LA T ARRGHY S5 Rk L AR 5 — A
B

safe_x = x or 0

Python i —/4 all g, BRIRIER —AFIF, HFIRAEEAICHRA D EIHR B True,




Python i —/~ any &%, YIERISIFR DA~ TTRAHER, EiRE True.

all([True, 1, { 3 }]) # True

all([True, 1, {3 # False, {} A&

any([True, 1, {}1) # True

all([ # True, IR BEABIIICH
any([1) # False,FlF A HIICH

3 o3
2.2 HMAE
IAETA R TF — L5 2 8 Python Bk, X Sedde o 1 e 5 TA/ER: I H .

221 HF

4 Python SIIZHA — /> sort Ty ik al LAte M 3biE /Ty . aRIRAEFFELIRIISIZE, aTLAE
Jil sorted 4, BEIREI—AHIIE:

x = [4,1,2,3]
y = sorted(X) # %%%[1:213:4]a1ﬂx(§ﬁ§
x.sort() # x44[1,2,3,4]

BAIMEOLT, sort (F0sorted) H&T-7C3R 2 I HIARZE LB Be/ME B e KB 51 3k 47
e

R IRRIETT R MR KB e/ MEREATHEY, ATLAMEE S 4 reverse=True, B T LLETT
FAL, PRE rTLGE I 5 2 SR bR B 25 AT A

# W XHE A5 TT M AR B e/ M
x = sorted([-4,1,-2,3], key=abs, reverse=True) # J&[-4,3,-2,1]

# Wi E B B AR P SRR 5

wc = sorted(word_counts.items(),
key=lambda (word, count): count,
reverse=True)

2.2.2 FIRMEH
BATER ATRE S — BN FR LA B — 51K, Blan ARE I p—2or s, S e
—S5 K, HHEFERHECX AR D), AT X PR Python £ 75 MU E 7] A AT (list
comprehension) :

even_numbers [x for x in range(5) if x % 2 == 0]

= # [0, 2
squares = [x * x for x in range(5)] # [0, 1, 4, 9, 16]
even_squares = [x * x for x in even_numbers] # [0, 4

Rih, PRty rTDHESIRR Mg A F s A




square_dict = { x : x * x for x in range(5) }
square_set = { x * x for x in [1, -1] }

# { 0:0, 1:1, 2:4, 3:9, 4:16}
# {1}
AERPRANTFEER B RANR P BIE, R AR M RIZE A &

zeroes = [0 for _ in even_numbers] # Flleven_numbersAG A &) K- B

FIZAEAT P LLELE 24 for T 4)
pairs = [(x, vy)

for x in range(10)
for y in range(10)] # 1007-%1(0,0) (0,1) ... (9,8), (9,9)

R e for Ay w L #E FRITAIY for BAMIEER
increasing_pairs = [(X, V) # HEx < yA*t

for x in range(10) # range(lo, hi) 5 7FH%:
for v in range(x + 1, 10)] # [lo, lo + 1, ..., hi - 1]

2w MBI TR

2.2.3 HEMEMEKes

FIF M —A (A B IR 5 8 #4EH K., range(1000000) FEAIE —/1~4A 100 I /~ICE 5
. MBRFEGER DAL -, XBESERKRIEFERY (REFENEA
) 5 ARIR A EERTE A LAME, ARSI R T R — R B

4 % % (generator) A& —FPrIUAXTH AR CeFIRIATE, EH @ H for i56A) BIREF,
1B THIE FIRRER (lazily) 724,

O AR 1 &5 O — 5 2 o eR R yield Ss AT

def lazy_range(n):
"""q lazy version of range"""

1i=0

while 1 < n:
yield i
1i+=1

T HAEA S BERIEFE—A yield ([HEF]—/Sth AR

for 1 in lazy_range(10):
do_something_with(1)

(Python i 52 5 — 4~ #0 lazy_range —FERT K%L, PY1E xrange, Ff H.7E Python 3 ', range
BBAS S g 3R, ) XS, IREEE LGN —ASJCRI 551 .

def natural_numbers():
"""returns 1, 2, 3, ..."""




n=1

while True:
yield n
n+=1

RUEAEBA (8 R break BHHE AN, VRARLIZMOX FPIE R,

MERRIBR A, RAREE I A RS A —k, RTELRIEREAN TS,
PRk S AR AR TR O — A s, SR RS

B PO A B AR T s (AL & AR G5 h Y For 15 ) fif AT «
lazy_evens_below_20 = (i for 1 in lazy_range(20) if 1 % 2 == 0)

HTE TR, A~ dict #BA—A ttens () J5 9% T LUR M ERIBEEDH IS . S WA
] tteritems() 757k HFAESIFR _LIEAAINHREIER yield ik — A {E*T,

2.2.4 BEWH
IR B RHER, S8 ETARBEYLE, "TUMEH random e A: s BEHLEL .

import random

four_uniform_randoms = [random.random() for _ in range(4)]

[0.8444218515250481,

.7579544029403025,
.420571580830845,
.25891675029296335]

#
#
#
#
# random. random() Az B 7EO - 1.7 [A135) %) 53 AR BB LA , A& 5 FITIBEAL B %

0
0
0
0
a

random #ibk SEBR | 2R Bk A S T —Fh N SRR AR E PRI A BREN L S, A0 RARARIS R W S R
RY&5 5, WTLLH random. seed A S BEHLECFI -

random.seed(10) # KBRS T 10
print random.random() # 0.57140259469
random.seed(10) # HIXFENLEFR 1410

print random.random() # FR1530.57140259469

A3 ATH random. randrange Az EFEHLEL, B 1] 2 24, JFMXTRLRY range()
PR BB P LIEFE— AT FiR 1l

random.randrange(10) # Mrange(10) = [0, 1, ..., 9]HhBENLIEEL
random.randrange(3, 6) # Mrange(3, 6) = [3, 4, S]HBENLIEHL
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WA Hifth— 6L 515, 40 Random. shuffle aBEHLIL EHES R IoC 3

up_to_ten = range(10)

random.shuffle(up_to_ten)

print up_to_ten

#[2,5,1,9,7, 3,8, 6, 4, 0], ({RAGEE R TRERNTA])

AR IRFE NS R BEHLE— A~ C 2, FLA# H random. choice:

my_best_friend = random.choice(["Alice", "Bob", "Charlie"]) # WAL "Bob"

AR IRFEEA M (AIAEE ) BEYLER 1 IcEAEA, rTLAER random. sample.

lottery_numbers = range(60)
winning_numbers = random.sample(lottery_numbers, 6) # [16, 36, 10, 6, 25, 9]

VERE A AR R (R ERY) TEEREA, RAZUIHA randon. chotce HIFT

four_with_replacement = [random.choice(range(10))
for _ in range(4)]
#[9, 4, 4, 2]

225 IENFRIER

IEMFRARSe T — MR ORI Tk, PG00 A N, HEMBHEYES, DET
TELT IR IR, ZERINE S B RAENZGEA, RN RO, X RS
t Python Hr 4nfe] i FIE 2B A i1«

import re

print all([ # P xR E htrue, K2h
not re.match("a", "cat"), # * 'cat' LA 'a' ok
re.search("a", "cat"), #* 'cat' HENF ??' !
not re.search("c", "dog"), # * 'dog' HEH T4 ¢

3 == len(re.split("[ab]", "carbs")), # * gydlbda,b, FAKEA3
"R-D-" == re.sub("[0-9]", "-", "R2D2") # HMELiFiTrauRk
1 # 4TETrue

2.2.6 MHEMITRMIRE

BRI 218 = —FE, Python RIFMRE L £ (class), 2R LLFF 5% G F gk Bk *He M1 T
Bafe, BEHEIAS AR E AR E T 50, MR b a5 O RE A
— B ABE R T,

RIZFEA N ER Python 2E4, ABFRAMTATRESHEFIZGIE B CHY Set 2%,

WO IR XA LHRITANE? H0E—4 Set, WATTFERALPIMA (add) HiH,
Bk (remove) IjiH, U\BH‘QEEFPE & (contains) HEAME, FRAHEXLLThHEEIHE




HAR (member) BH, WAERNTTENLILTE Set MQURTMA () HUFEN:
# FAEO], FRA18 T AR 4 -PascalCaselty &

class Set:

# XL B D BRI AL
# AR EEBIUE — A28 seLF (55— Fi5i i)
# EFORIT R SE A 4

def __init__(self, values=None):
"""This is the constructor.
It gets called when you create a new Set.
You would use it like
s1 = Set() # EL
s2 = Set([1,2,2,3]) # HEMIAIL"""

self.dict = {} # Setf&—A~LH#A B Civdict/B ik
# BATS XA B BER R R K F
if values is not None:
for value in values:
self.add(value)

def __repr__(self):
"""this is the string representation of a Set object
if you type it at the Python prompt or pass it to str()
return "Set: " + str(self.dict.keys())

wnn

# it A self . dictrport AE A Truelf i, SRR 2% &
def add(self, value):
self.dict[value] = True

# WA E e g A AR A g — A E
def contains(self, value):
return value in self.dict

def remove(self, value):
del self.dict[value]

RLME T X AR ] E R R 4
s = Set([1,2,3])
s.add(4)
print s.contains(4) # True
s.remove(3)
print s.contains(3) # False

227 RPAIEHE
FEAL 8 R AR IHBE, AT TR e S st N (B curry) BRBCEGIE BT, TRiAA—
A EEIBT, BRIEFRATE SR R R

def exp(base, power):
return base ** power
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P TA 2ok G — /> B8 S 1 B L two_to_the, "BIHIAJE —/ TR (power), Hirthiy
A& exp(2, power) HYEEHL,

L5k, BATRILUN def SkSEHL, (HEAWHEAE R IFA KT E

def two_to_the(power):
return exp(2, power)

—A> 7 RHERR T i (i functools. partial:
from functools import partial

two_to_the = partial(exp, 2) # BRSNS B
print two_to_the(3) # 8

WRARA SRR S EARE T 45, WAEM partial RIAFEXLESHL

square_of = partial(exp, power=2)
print square_of(3) #9

N

ARAR curry HiF R B2 AL, kR AHEALAR R, FTLASESS Dl ix 2 M
/RBN ML (EH A% map, reduce FiI filter, EATASIZRMHTIEME T oA BT % -

def double(x):
return 2 * Xx

xs = [1, 2, 3, 4]

twice_xs = [double(x) for x in xs] # [2, 4, 6, 8]

twice_xs = map(double, xs) # FN_bym—AE

list_doubler = partial(map, double) # double T —/~%l|Zy*function*
twice_xs = list_doubler(xs) # [EIRERE(2, 4, 6, 8]

AERARIRME T 245138, ATLLR A 2 A4S B0 e B ] map

def multiply(x, y): return x *y

products = map(multiply, [1, 2], [4, 5]) # [1 * 4, 2 * 5] = [4, 10]
iU, filter B 1AM A BT AE:

def is_even(x):

"""True if x is even, False if x is odd"""
return x % 2 ==

x_evens = [x for x in xs if is_even(x)] # [2, 4]

x_evens = filter(is_even, xs) # F_ by —AE

list_evener = partial(filter, is_even) # filter T —/ %y *function*
x_evens = list_evener(xs) # [EIFER[2, 4]

reduce 55 T HIIRAIKIANTEH, BITIEER XSS & THIRNE 3 L8, RAOERZ)E
MNEEE TE 4NTTH, RIRTER, ARRE AR .




x_product = reduce(multiply, xs) #=1%2*3%*4=24
list_product = partial(reduce, multiply) # reduce | —/%l|ZFHy*function*
x_product = list_product(xs) # [RIFERE24

2.2.8 izt

A, PRATRERE— 512 Lk, I BRI ERC AT R R

# JEPython ik

for 1 in range(len(documents)):
document = documents[i]
do_something(i, document)

# thaEPython i

i1i=0

for document in documents:
do_something(i, document)
i+=1

Python 5 MR DT S (E ACE (enumerate), ‘B2¢//E (index, element) JLZ:

for i1, document in enumerate(documents):
do_something(i, document)

R, ARIRABHERS], WIHAT:

for 1 in range(len(documents)): do_something(i) # JEPython i
for i, _ in enumerate(documents): do_something(i) # PythonJik

AL RHCE,

2.2.9 [EHMSHIFS

AR B A TR GG, "TLAME zip 482 A FIR E A A — A R T 3E I IT
HIsAFIF
listl1 = ['a', 'b', 'c']
list2 = [1, 2, 3]
zip(listl, list2) # &[('a', 1), ('b', 2), ('c', 3)]
WRFNRIRKER 5, zip SEFE IR R IE,
[ LA — PRk 5 s “RIE” — A5

patrs = [('a"', 1), ('b', 2), ('c', 3)]

letters, numbers = zip(*pairs)
HA ) S Hh4T A %45 (argument unpacking) ., 250474 H patrs (I CEMEAFRALHY
ZBULL zip, XEtAIARLLT A& R — Y
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zip(('a', 1), ('b', 2), ('c', 3))
‘BIRE [('a', b, e, ("11,'2","3)],
PRAl LAEAT o e b 2 504k 4

def add(a, b): return a + b

add(1, 2)  # iRI3

add([1, 2]) # TypeError!
add(*[1, 2]) # k@3

ZHAR AR FA R, (YA VB ERINE, St AR,

2.2.10 args#dkwargs
[RANFA TGN — A E IR R AL, FERA B R, FRR B — A3 A #R
I f (B P R HIHT R AL -
def doubler(f):
def g(x):

return 2 * f(x)
return g

XA ERBAEA LU T AT LASEIL

def f1(x):
return x + 1

g = doubler(f1)
print g(3)
print g(-1)

B TA 2SR R ECR T, AT -

def f2(x, y):
return X + Yy

g = doubler(f2)
print g(1, 2)  # TypeError: g() KA — 1S5 (A= THA)

BAVTREN & — PR E — P TUBEBE SR R 755, FIRSEAR o F— m B
AT DA X — A
def magic(*args, **kwargs):
print "unnamed args:", args

print "keyword args:", kwargs

magic(1l, 2, key="word", key2="word2")




# it
# Adifargs: (1, 2)
# Feffinlargs: {'key2': 'word2', 'key': 'word'}

WAL, SIRATE L TIXFE— AR, args —AVERIRAT A ZEAIIC, i kwargs
R-ADERNEAASHE) dict, b RbE M, RATEMEH /> st (835 tuple)
dict KRG HREBR®SHL

def other_way_magic(x, y, z):
return X +y + z

x_y_list = [1, 2]
z dict = { "z" : 3}
print other_way_magic(*x_y_list, **z_dict) # 6

Z UL LB, PRATCATE S R AT, BRI, Bl TR & A Bk G rT LUK
ZHRAE AR AR E BT R

O

def doubler_correct(f):
"""works no matter what kind of inputs f expects"""
def g(*args, **kwargs):
"""whatever arguments g is supplied, pass them through to f"""
return 2 * f(*args, **kwargs)
return g

g = doubler_correct(f2)
print g(1, 2) # 6

2.2.11 XiskZ|DataSciencester
WA T ABUE B A, W, M8, SR AE (75,

2.3 IHFES

o Python [ FELLEL S, B HIZAE (https://docs.python.org/2/tutorial/) & ANEEIIAL]
HFE,

o ‘B J51Y IPython Zf2 (http://ipython.org/ipython-doc/2/interactive/tutorial.html) A K FRAH,
{E B FI4R2 (http://ipython.org/videos.html) &g, 4N, Wes Mckinney HY
Python for Data Analysis (O’Reilly, http://shop.oreilly.com/product/0636920023784.do) A
— AR R T IPython,
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B3T

CER A6

AAAGE TALAEANBIFGRA ) HFERZ—]

oot - E L

B rT AU R BR P2 K THA PR — A EEH sy, GUETHILRE S, (HOlEMR A ey ]
AL ENTRAE

Bl AT LA PR 2 34
o EEREE

o KRBE

AFEFA TR T R R AE R R AE AN U wT AL R rh BT B & TG RE, AT RRIL S B2
ABRIBESy o BRBABKRE > T R TR+, Bl r TR — e R s
G, (AR BRELE . REmE, FRADERZIRE SR IRERER AT LA AR,

3.1 matplotlib

AL TREFTCARR AT, FA PRHE F AR BT B ) i) matplotlib P (V4 IX 745
TERYAERY . TE I http:/matplotlib.org/) o AN URAY 4 il 15 T 90 465 ARG B Y 28 B AT AR
ft, ERREARAFILESE, (HXTFIUE, SREFNEO R X L m R BT UL, IR,

e, FA74 {8 matplotlib.pyplot #ib, FF & i B b /1, pyplot fR 5 & —Ff
NEBAIR A, RATCAE R — 20 B G mT 4 i, — B O TIEsE R, strlCARE (H

34



savefig()) il r (H show()) FREVEITE,
Biln, HE—4 GEIRE 3-15x8E) JEw B BT, el AREL T 25
from matplotlib import pyplot as plt

years = [1950, 1960, 1970, 1980, 1990, 2000, 2010]
gdp = [300.2, 543.3, 1075.9, 2862.5, 5979.6, 10289.7, 14958.3]

# IRk IE  xXple R0y, yihEgdp

plt.plot(years, gdp, color='green', marker='0', linestyle='solid')

# R In— Rt
plt.title("44 L GDP")

# Zryiinbric
plt.ylabel("H1{L3E7L")
plt.show()

. GDP
16 000 . . %X. . .

14 000 -

12 000 -

10 000 -

8000 +

aRE

6000 +

4000 -

2000 +

0 I I I I I
1950 1960 1970 1980 1990 2000 2010

3-1: —TREENLE

TR AR S BIATRG R R 2, ARAERAR DT, X ER T A E LT RE 2
B, AnspREERIS . SRCAR IR . WA DEAS IR EEI X 28, QA
TGl ® Of ki) KLk,

TRAHE | 35



REEBRNIEA A E] matplotlib KL AU ThRE, (HEHKREMHIIEH & AW
B A, RS ETAERA LET . AR IR LA TR, THA R
AP CER

3.2 £EHE

AR AR AR R R B2 B R I H AR A I BCR R an B L, RTRAER SRR Eean,
3-2 Bor T LERHLRZ T IR A BT R G (R R BH -

movies = ["Annie Hall", "Ben-Hur", "Casablanca", "Gandhi", "West Side Story"]
num_oscars = [5, 11, 3, 8, 10]

# JOIERIERIATL 0. 8, IRILFA et Ze Ak Fhn_1-0. 1
# XA R CEAE L T

xs = [T + 0.1 for 1, _ in enumerate(movies)]

# e MixAs bR [xs 1H015 BE [num_oscars 1 im 45 JZ &

plt.bar(xs, num_oscars)

plt.ylabel(" sk BT 45 22 8w")
plt.title("FixEZAHER")

# (LR & bRk, B AR B ZTB R G

plt.xticks([1 + 0.5 for i, _ in enumerate(movies)], movies)

plt.show()

%Pd%
ik

36 |



Fed= IR
12 T T T

g O
K

b4

JIARBLHT R 4 1%

Annie Hall Ben-Hur Casablanca Gandhi  West Side Story

3-2: —TEHENFVE

ZI B T A SR £ A R B BUE R R B B 5 I, DAMOR R 20X LB B2 Anfe] -
(1, il 3-3 Pios,
grades = [83,95,91,87,70,0,85,82,100,67,73,77,0]

decile = lambda grade: grade // 10 * 10
histogram = Counter(decile(grade) for grade in grades)

plt.bar([x - 4 for x in histogram.keys()], # &I ALME B4 AT

histogram.values(), # B4 S BRI R
8) # A STBII T R A8
plt.axis([-5, 105, 0, 5]) # xGEhEE I - 551105

# yihR{EoF]s

plt.xticks([10 * 1 for 1 in range(11)]) # xfhbricA0,10,...,100
plt.xlabel("-}4348")

plt.ylabel("=#A:%1")

plt.title("Hik s $srmE")

plt.show()
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R Boy A&l

0 10 20 30 40 50 60 70 80 90 100
oA

B 3-3: NEHBFEAZXKE

plt.bar FU5H =2 HHRE TR E, EX BRIMERETEE AN 8 (XFEES KT
ZIAV BT /NI, A x Al DAZIEE 10 fhriciy) , i HAREA SR AR T 4 45
FE. XAk, (Ebniid) “807 iXANSKIEMIAILAE 76, MifiLfE 84, KIL'ERIH.OLFE 80,
kf plt.axis [ H 2 B RA1A 2 x BV 75 & —5~105 (LA “0” F| “1007 XL AT
PAse4tior), JRH. y BEI7E B R BREAE 0~5 2 iE], X plt.xticks AR FHAE x Gl %0 BE ik
fE0, 10, 20, -+ . 100 XL E

FEMEH plt.axts() WHEEIEMH, fE QTR ATEEIT, v BN 0 FF 4G —FhRe BIA A RIS,
FAXMRESRFN (LE 3-4) .

mentions = [500, 505]
years = [2013, 2014]

plt.bar([2012.6, 2013.6], mentions, 0.8)
plt.xticks(years)
plt.ylabel("WrEIHG AHE K “BAERF HIRE")

# ARAK 2 i, matplot b 2AEXEh % FE brid 071

A
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# SRIGSAE M Lin B+2.013e3 (HikERImatplot LibHEE] )
plt.ticklabel_format(useOffset=False)

# X RSy B R5000L Ty
plt.axis([2012.5,2014.5,499,506])
plt.title("RBEMIL E R MUK ")
plt.show()

506 PR “ER” ]

505

500

499

2013 2014

B 3-4:. —THRSMY y HNRLE
(eI 3-5 , FRAMEH T —FhSE A PRARL, XAERERERRAI L TH T
plt.axis([2012.5,2014.5,0,550])

plt.title("BERAHLEKRT")
plt.show()

TRLEE | 39




BRAIMLERT

500 |

B~

o

o
T

300 |

200 |

WTEIA AP “BdEFRET BITREL

100+

2013 2014

B 3-5: y MIEENE-TRIE

3.3 %H

i3RI, FTLA plt.plot() el fEZ &, X i B TE nT LRI (75 Wb b S s Sl e 1 48
#, nkE 3-6 fios:

variance

bias_squared
total_error
xs = [1 for 1,

[1, 2, 4, 8, 16, 32, 64, 128, 256]

[256, 128, 64, 32, 16, 8, 4, 2, 1]

[x +y for x, y in zip(variance, bias_squared)]
in enumerate(variance)]

# A[LLZ KA Hplt.plot
# LMETER /N ERoRZ2A 750

plt.plot(xs, variance, 'g-', label='variance') # Lok
plt.plot(xs, bias_squared, 'r-.', label='bias"2') LR LY A5
plt.plot(xs, total_error, 'b:', Tlabel='total error') # W5a ik

# A AR FFHIHRIR 7RI
# FRLARTLLE el A 5 1 ]

# Loc=0fRM A “THhH .~
plt.legend(loc=9)
plt.xlabel("fiBIAz JufEE")
plt.title("fwzE— T ZRUEE")
plt.show()
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300 | | | Tﬁ%—ﬁfé’w%@

— variance
bias™2
250 total error

200}

150 -

100 -

50

®3-6: HEBAINNTLE

3.4 HW=HE

AL B SR O B SR A AT AR S R AP B, bLan, B 3-7 Bom TIRIIA P IE A
P ACEORIAT Vi RAEAE W3t _E PR 20 S 2 TRV AR R A

friends = [ 70, 65, 72, 63, 71, 64, 60, 64, 67]
minutes = [175, 170, 205, 120, 220, 130, 105, 145, 190]
labels = [Ial-‘ lbl, IC', 'dl, lel’ 'f', |g|’ |h|, |.-L|]

plt.scatter(friends, minutes)

# A RUIbRid
for label, friend_count, minute_count in zip(labels, friends, minutes):
plt.annotate(label,
xy=(friend_count, minute_count), # FTbRicHCLENT NS
xytext=(5, -5), # (LA 2

textcoords="'offset points')

plt.title(" H 85 HAE")
plt.xlabel(" & %L")
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plt.ylabel("fELEMIEE_EM H 2404 ")
plt.show()

240 Eéj‘%ﬂlﬁ%ﬁlﬁﬂﬂfiiﬁz .

220} eg 1

oC
200 -

=

[21]

o
T

°3
eh

160 -

°
140 - h

ARAERSG LR H 5y

of
120 - ed

[ ]
100} g

80 I I I I I I I
58 60 62 64 66 68 70 72 74

WA %

3-7: AR SHEEMIE NN HZBNXAHRE

LR a1 T EUERRY R, ALl matplotlib GEFEAIE, WIRES TR 3] — AR SR,
3-8 Ffi/R:

test_1_grades
test_2_grades

[ 99, 90, 85, 97, 80]
[100, 85, 60, 90, 70]

plt.scatter(test_1_grades, test_2_grades)
plt.title("Axes Aren't Comparable")
plt.xlabel("MIYE 157 4L")
plt.ylabel("MYs2145r %4 ")

plt.show()




110 . . Teid LAYl .

100 - o -

90 - ° .

80 - .

WSS 205> %%

70} ° .

60 - ° |

50 I I I I
75 80 85 90 95 100

g LER 5> %

B 3-8: HELALREVHIIRE

IRFATSIARY plt.axis ("equal”) WM, KB (K& 3-9) SERGHb B R KL EEL
e R ARG 2 BHY,
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110 : : LR

100 - ° 1

90 - ° R

80 - 1

WSE20 5 %

70} ° .

60 - ° |

50 L I I I I I I I
50 60 70 80 90 100 110 120

WIS 153 %%

B 3-9: HHULRNBNE-THRE
DA SN0 TR T AT b R T, AR5 5 A 23 YFIFSE £ 56 T rTRLIERY SRR,

3.5 WHF3I

 seaborn (http://web.stanford.edu/~mwaskom/software/seaborn/) J&F matplotlib #y&t, il
TRAT CASR A b Il ST ot 50 A 2Ry wT ARAE

« D3,js (http://d3js.org/) #&—A> JavaScript &, #] UL VEARE 85 T W2 128 B AT HILE.,
RAEBCHAFAET Python i, (HERINEE, FEHMHZ, (EARERESR TS,

+ Bokeh (http://bokeh.pydata.org/en/latest/) »&—ESHIIE, BFF D3 KAgH Al L5 IA
T Python A1,

 ggplot (https:/pypi.python.org/pypi/ggplot) & {it 47 HJ R J& ggplot2 [1J Python £ M,
ggplot2 ) {Z FFA K “HARGSN” METEEIG . R IRE— &R ggplot2 I F,
BrlRedEE Al TR, HARRARRE, RS s TR kA LR




B4E

SR

7 A—RARKEK,
— A - A

SHERBEB AN N3, MReEzE, RAREM e irg 5, Hix
T BRI RRE SRR, FIREDRES T, REENEERSE
Stk KRR,

4.1 [E=

M in, SRt TS (LUERGRImE), "JLEREIRE (B%s), tellisk Rk
H =R S,

HA kD MRS ), mEefa R4S A, BERA BRI S, B
SESHREF R A AR R AR 5 R,

bean, lRirAIRZ AR S m. E, SRR, el LA EEE 10 =4k m & (height,
weight, age), ZIRIRHEMI—FEA U IHIK, wt ol DA i aiic A PU 2 & (examl,
exam2, exam3, exam4),
(R I 15 B P i B FRoR BT . — AR E A BT BIR R B — > =4
mAEE, RZIRAK:

45



height_weight_age = [70, # ¥~}

170, # G
40 1 # %
grades = [95, # *%ik1
80, # H%ik2
75, # Fit3
62 1 # %ik4

KRN AR/ [AIEAE T S R T Python HESZIERA R Tl & (B TEi%E
ot i), WAFEH CIRATEA R RE TR . SUER I A

B, l1E =R W REOND:, MRS E 5 X (componentwise) fiia®, X3
BRE, MR R YR w KEME, IBerIfmte e, HdhmRrg —4
JeEHET vie]l + wlel, FAICHEET vI1] + wit]l, DSt (AUXREA KA
[dl, WIAREEAEN. )

Blgn, g (1, 2] ok (2, 11 % (1 + 2, 2 + 11 8¢ [3, 3], 4nl&l 4-1 i,

35+

3.0+

251

2.0+t

15}

1.0}

05 ¢

0.0+

4-1: WTEEEN

AR AR 2R 5y b se xS Bhig . s zip eh%, [l 21 36 fAr (i m) s i AH . T
E IR

46 | Ha4E



def vector_add(v, w):
"""adds corresponding elements
return [v_1 + w_1
for v_1i, w_1 in zip(v, w)]

nwnn

A4, A T RO, R S i A B TT SR A H UK -

def vector_subtract(v, w):
"""subtracts corresponding elements
return [v_i1 - w_1
for v_i, w_1 in zip(v, w)]

mn

A, BAVTFIX— R AR EECNE . BUAER SRR, A Ie3EX — R0 &
F—TCRIA, BT TCREX — R REE A TRV, LAk, H AT ik
I I TF

def vector_sum(vectors):
"""sums all corresponding elements
result = vectors[0] # ME— R EITA
for vector in vectors[1:]: # ek o e
result = vector_add(result, vector) # ot AESFN
return result

nwun

HBORB XA R RTT R, FATIE @ T vector_add ei4L, B reduce {1975 AR MLE X
— R, A TEDL, T G A R A N R SE L T X A T RE

def vector_sum(vectors):
return reduce(vector_add, vectors)

B
vector_sum = partial(reduce, vector_add)
X SRR R . oAb, (HRTREAHEL 2 A BT LR FIAL.,
MR, WATAMMFTRES R — ek, X R TR S0 A T R
iy
def scalar_multiply(c, v):

"""c is a number, v is a vector
return [c * v_i for v_1 in v]

mwnn

A MDA R — RS & (KREAER) BI1E.

def vector_mean(vectors):
"""compute the vector whose ith element is the mean of the
ith elements of the input vectors"""
n = len(vectors)
return scalar_multiply(1/n, vector_sum(vectors))
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—AAVE WLHIZhRER R (dot product) . P/ [A) LAY ST IR BT R 4 B Z N«

def dot(v, w):
"My 1 * w1+ ...+ VD *wn
return sum(v_i1 * w_1
for v_i, w_1 in zip(v, w))

mwnn

SRR TR v R w 5 R AR EE . filAn, AR w=[1, 0], N dot(v, w) gk v
W —ATHR. HRI SRR v /£ w ERF IR ENRENRKE (A& 4-2) .

(vew)w
1.5+ .
1.0+ v .
05} .
0.0} .
—-0.5F .
-0.5 0.0 0.5 1.0 1.5 2.0 2.5

B4-2: R[RENQSERT
i IR ZE B TR — A T A 5
def sum_of_squares(v):
"My 1% v_1+ ...+ v.n*v.n

return dot(v, v)

AR R R R ol (SR BE) -

wun

import math

def magnitude(v):
return math.sqgrt(sum_of_squares(v)) # math.sqrt & F R R %L

48 | Ha4E



BUAE, 121 7oA TR A A R R B P A sy, AR

JOr= w2t e+ = )2
def squared_distance(v, w):

"MUCv_1 - w_ 1) ** 2+ ... + (v_n - w_n) **2"""
return sum_of_squares(vector_subtract(v, w))

def distance(v, w):
return math.sqgrt(squared_distance(v, w))

BRI (5 EREY) i

def distance(v, w):
return magnitude(vector_subtract(v, w))

BT T A R, eI T LM RS T, AR IRgeids &k
o i

RMFIERZR M AR TR R, (B ERE AR MRS .

SRR, URAFEEEI NumPy Fi, b A 8 % B B 0
Lk

4.2 5B/

$e R A CHERVBARE A . RITRERE R A SIRISIZR, A NIRRT —
B, FORHRER— 4T, AR AE—NERE, A4 ATUIS] shFOREE i 4758/ SIRIICER, 4518
BepZaRkmyGl, Al RS SRR, filan.

A =[[1, 2, 3], # AH2{735
[4, 5, 6]]

B = [[1, 2], # B 31725
[31 4]1
[5, 6]]

FER b, FERRRSE — TR ARA LT, BSR4,
i FAT 15 2R AR P R I 2UFR Python HYFIZRGE— A2 K . Python HHAIFIZR I O
a1, BrLL, BT E —1TFRA “58 0477, HE—FIFRA “8
041",

T HIRRISIFEXFFRTEA, HFE A BA len(A) 1741 len(A[0]) 41|, FATHERXFRIFER
AR (shape) :
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def shape(A):
num_rows = len(A)
num_cols = len(A[0]) if A else 0 # FE—f7THh TR EL
return num_rows, num_cols

IR — AR n 47 k5, WIRTEAE A 0ok F6FE . FATTATEAEIX A 0 x k FEFERB— 17 4B
BE—AREA kW, B E— KD n B

def get_row(A, 1i):
return A[1] # A[L1REUT

def get_column(A, j):
return [A_i[]] # AT AT
for A_i in A] # WEAA_UT

IRE,  FAH mT ARSI TR e A BT 381 B Bk BT ERE . wT LAl L — Mk B A1
fiprr A LI

def make_matrix(num_rows, num_cols, entry_fn):
"""returns a num_rows x num_cols matrix
whose (i,j)th entry is entry_fn(i, j)"""
return [[entry_fn(i, j) # RO — 53
for j in range(num_cols)] # [entry_fn(i, 0), ... ]
for i in range(num_rows)] # A& —/iGIE—51F

HTXA B, shrlLMER— SxS e GHfidcsEe 1, HitcEZo) .
def is_diagonal(i, j):
"""1's on the 'diagonal', 0's everywhere else"""

return 1 if 1 == j else 0

identity_matrix = make_matrix(5, 5, is_diagonal)

# [[1, 0, 0, 0, 0],
# [0, 1, 0, 0, 0],
# [0, 0, 1, 0, 0],
# [0, 0, 0, 1, 0],
# [0, 0, 0, 0, 1]]

R E A E T, AL TILA,

o, ATLLE LA R RO AR — 1T, SRR R — S L 4 R EE
£, Blin, A 1000 N A EE . RERER, st ELEIE—4 1000 x 3 [5ER: .

data = [[70, 170, 40],
[65, 120, 26],
[77, 250, 19],
# ...,
1

7, BERMSABD, WTEH—A n <k FEMEFROR— MR B, XA BRECRE— A &k 4R




) MG A~ n R 1A b, FRATIE AR 2 B SIS & B X AR B L

B, ALV R SR, S 1 T, AT LR M0 bR Fom e (1, 3)
WA, AR CLE L ST A0 A SRSEHLX A Ed . anf o i s A= &, UIH
HERERIICE ALLI0I] R 1 KRR, BT i s F &, WA ALLI0I] 4 0 KFEoR,

EpY: AR SURi PR

friendships = [(0, 1), (0, 2), (1, 2), (1, 3), (2, 3), (3, 4),
(4, 5), (5, 6), (5, 7), (6, 8), (7, 8), (8, 9)]

A LA T T AL

# JAF10123456789
#

friendships = [[0, 1, 1, 0, 0, 0, 0, 0, 0, 0], # FHF ©
[1, 0, 1, 1, 0, 0, 0, 0, 0, 0], # HP 1
[1, 1, 0, 1, 0, 0, 6, 0, 0, 0], # HHF 2
[e, 1, 1, 0, 1, 6, 0, 0, 0, 0], # M/ 3
[6, 0, 0, 1, 06, 1, 0, 0, 0, 0], # JA/ 4
[6, 6, 0, 0, 1, 0, 1, 1, 0, 0], # FHHH 5
[6, 6, 0, 0, 0, 1, 0, 0, 1, 0], # " 6
[6, 0, 0, 0, 0, 1, 0, 0, 1, 0], # P 7
[0, 0, 0, 0, 0, O, 1, 1, 0, 1], # i 8
[e, 0, 0, 0, 0, 0, 0, 0, 1, 0]] # HH/" 9

W%%§ﬁ¢,tﬁ%?%ﬁ%ﬁﬁﬁAﬁﬁ,H%Mﬁﬁ%ﬁgio@%,ﬁﬁﬁ%ﬁ
715 AT APt S A DA S P19 R A Rl — MR A R B BT,
(AWriEs) MRERY

friendships[0][2] ==
friendships[0][8] ==

true, OF122 A

1 #
1 # false,0fI8EA

FIE, RS-V E R &R, AT RERNS] (3d47) -

friends_of_five = [1i # {VELE
for i, is_friend in enumerate(friendships[5]) # —f7H
if is_friend] # Ak

TR A S AR, WAL Z AT AR RN T — AR, HX AR
W, P RPESRATETEAR UL, WAKE, dEr duriik.

AATBE B 2 BRI SRR

4.3 FEHFET

o SMERBEBIE R B R GER 2R, BATEENABZFEM).
@&Lﬁﬁ%ﬁﬁEAﬂIEoHiﬁﬁ@g%%ﬁﬁ,@:

ZrRE | s



— UC Davis $2{li A = & ARSI TR (hieps://www.math.ucdavis.edu/~linear/) ;

— XU TEIRRFAR A S B IR (http://joshua.smevt.edu/linearalgebra/) ;

— X =k Bk ik B 52 Sk UG, Linear Algebra Done Wrong (http://www.math.brown.
edu/~treil/papers/LADW/LADW html) A&—ASHERT i),

AFRAR(E ] NumPy  (http://www.numpy.org/) FJi%E, IR EIEER A L EAB AT LA%

Tl (PR3 T) o
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BOE

Gt

FRAIB L, HiHAHE,

— %3 nbiE

%t R TP ER AV ECE SHOR . XA R BRI GUR, B EA R —
B (BE—RREL) BAREE, £k —ABN—AEmNRGERAE, FrUAABAE

FHBIIASRIEA . IAEBHMFE ST, PRk —LENIAFREBCR RSB N S, BEIR A 1708
A 5T,

51 BN HESE

B O 512X, DataSciencester BV K B THT &5 . X, AR ETTRY EILE R R 7R
PLES TR R A 2 /D AR , DIk i s 70 B RS T R 42
B HE 1 2B H A PR 5 M X A5 o AR I T 7 [ Rl 2 ] 44 182
FHETEAR S, i BIHA TG Boi e Bde A< &
num_friends = [100, 49, 41, 40, 25,
oo LAV 4

1

xR GG/ N BB UL, X EE T DA AR e A U IR T 78 . (RS BRI K, Xk T
MR ERT . (BR-ARE AL EFIFIR,) Ak, FIMERSHRREMZRE
BAEHIAHSCHFE .
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o, Tl Couner Fil plt.bar () IEMRAIIAA S E T E (B 5-1) -

friend_counts = Counter(num_friends)

xs = range(101) # eAR(E 100

ys = [friend_counts[x] for x in xs] # heightNI4F+& A I %L
plt.bar(xs, ys)

plt.axis([0, 101, 0, 25])

plt.title(" HIAKHIE T E")

plt.xlabel(" A/ 4")

plt.ylabel(" A%%")

plt.show()
25 A K E 7 B
20 H |
15 R
. l | | II
40 60 80 100
JHAA %L

B51: ARHNELS
ANSERE, X MEEMELUTREAT A0, FrUARTF R — 2 ge . Bt s A Bt
e B R LA GE TR T
num_points = len(num_friends) # 204
ML VFUR 2 X et S A o R B AN i/ IMELIE S Sl -

largest_value = max(num_friends)
smallest_value = min(num_friends)
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HB

AR OR A R E G B A, TR

sorted_values = sorted(num_friends)

smallest_value = sorted_values[0] #1
second_smallest_value = sorted_values[1] # 1
second_largest_value = sorted_values[-2] # 49

AR, XUBUETHA,

5.1.1 /Mg
BAVHEH AL T REE P OB — i, — W BB (mean 5
average) , B[R FIFRIASHE % -

# B M __future__T Adivision, At At
def mean(x):
return sum(x) / len(x)
mean(num_friends) # 7.333333
AERPRA AR AL, BTEsR M E R AR e . BEE SRS SRR, HE S
Bah, Heihgmpe a4 Mg,

TeVE w2 B+ 42 % (median), ‘B4R HE R ACHIIE (AR B sy A B0 21
B0, ScEHRMA SRPFOE (EREE A BoE (850 .

Bilan, ARAEHET R x EA AR, B i x[5 /7 21 dox(2], aRA N
AR, MR ALEOE x[2] GE=AN) 5 x[3]1 (BB AIFI9%L,

{EBE—— I EA R ——r A O R T — A BRI e Bilan, BIMERER bk m
RABRER (Bu/ MIREREN), BREE SEASE, BRE PR AR,

median bR KR AT RELL IRAH G SE &2 ALk, F2 900 PROA B 5 B A Boar (B PRI AN ] -

def median(v):
"""finds the 'middle-most' value of v"""
n = len(v)
sorted_v = sorted(v)
midpoint = n // 2

if n % 2 == 1:
# AR E AL, IR ] R A E
return sorted_v[midpoint]
else:
# SO RS, IR AR ] B A TE 3 (A
lo = midpoint - 1
hi = midpoint
return (sorted_v[lo] + sorted_v[hi]) / 2
median(num_friends) # 6.0

S
&
ik
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MU, HETRERSE, JFHEeXEESIEm PR E . aRa o MRS,
Horp A BRI EEIN T e, NPIGMEREZ I e/n, (X {ERHYEE T &Ml EH) H
ek TR, IR, JRE, AR B A E SN T e, A
EA FTREWIE N e, A ATRENIN—// N T e 9%, WA TREMRA A GXERJ T HAbH)
) .

Fest b, AHE T R CAGE ] — 26 A e A B 0 A 8 B 2% (heeps://
en.wikipedia.org/wiki/Quickselect) , {HiXEE4 X AMEA G FfiE, i HAEH T4
BRIV . FrCATRA e R,

I, I HE b i S (R R, R B NG P 200 A (32 100),
BlEs EIE7.82, M B E, AR ERE T A REE (S e BT B g B
FABANREMN), WLHEZRSEN F—AZAEFROET, 20 #2280 44, dbf
BRANK R e Lo PR, ROABREILW/R - FefH etk Tk, BETH R e
HTRA CREET.

LB — MZ AR 242 40 (quantile), ‘B DT HdE e B oy LAY —AME, (
PR T 50% HIBHER—AME, )

def quantile(x, p):
"""returns the pth-percentile value in x"""
p_index = int(p * len(x))
return sorted(x)[p_index]

quantile(num_friends,
quantile(num_friends,
quantile(num_friends,

0
5
5
quantile(num_friends, 0

[clcNoNo]
O NN
H O H W
P O WP

)
)
)
)

. 3
A —NAKE RIS % (mode), ‘BART HILIREUR 20— 182 M
def mode(x):
"""returns a list, might be more than one mode"""
counts = Counter(x)
max_count = max(counts.values())

return [x_1 for x_i, count in counts.iteritems()
if count == max_count]

mode(num_friends) #1 %016

fHa, & RS,

51.2 B#E
B BRI BB B R R BN, AREFRHO R, MR R
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S, BHALAMR, RERK CRIBEREN ), WFREIER & R X.
Bildn, —A~fEiRRERERME (range), fREKICEEBR/INTENZE:
# "range" fEPythonth LG RFE NS S, TLATA Wit — A AR 445

def data_range(x):
return max(x) - min(x)

data_range(num_friends) # 99

WERE AT, BEWREERE D HREM B/ MEME, XFMHERALE x hEyTsE 2
RN A KA, BWEBIRRA B, MR, RRERK, R ITHELR/NITHER
R, BlEEHUERe,

AR AL, REMAHIERE TR EEE. — 2 EE 0 100 RS, F1—4
BE 0, 1 EARARZ A 50 Wo%cia e, Pt Z2Aim. (BB AL — A Ka 2 ) B Rl
LA I

BEEER S — N EERE RS £ (variance), HEIT AT .

def de_mean(x):
"""translate x by subtracting its mean (so the result has mean 0)"""
x_bar = mean(x)
return [x_1 - x_bar for x_i in x]

def variance(x):
"""assumes x has at least two elements"""
n = len(x)
deviations = de_mean(x)
return sum_of_squares(deviations) / (n - 1)

variance(num_friends) # 81.54

XA SR AL T & B 5 3 S I E 2 Z200°F 07 3 1E, (B3R
DA n-1ifiAAE ne S8 b, AnSRARACHU A BORAYEMA, x_bar jite Kk
ARV, BBRHE (x_t - x_bar) ** 25 x_{ {75 ZxHO AR, BrlA
FABRLL n-1 A 0, BLEBEEERELTFH,

BAE, CRHNMEIELE 286 () “HHA”), BirA doo e i g EEB 2 el —a iz,
EWRAIM SIAE ., (B2, M REE A n-F5 (B “EHA"). R,
5 Z R A2y B E LS, BrUARATE % (A= 4 £ (standard deviation) :

def standard_deviation(x):
return math.sqrt(variance(x))

standard_deviation(num_friends) # 9.03
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W ZE R bR 2= AR T Z g B E TR B R N R N8, BAEZ i ET, 4o
WEATHE NG A 200 MK, riEZEEZEH 14.89, 30T 60% |

— R M R TS 2B 75% 4 iR 25% Haor hrk s 2

def interquartile_range(x):
return quantile(x, 0.75) - quantile(x, 0.25)

interquartile_range(num_friends) # 6

FARSRUL, XTS5 3 B —/INER o S W (EL I R

52 %

DataSciencester %0 & JEIBEY &I EFFA X —FAR, B P ERAS Mk EESknuit iR 5
HAEZA W A I AEARSE (IR AR— LR ENAS ), HE, MmERRE

R Ak,

Wit B R H S, R T —/ daily_minutes 513, XANFIFESER T 44 H
JVERAE DataSciencester 163 T £ KA, {RIEX X AFIFRHE T, #ERICERIRZ A
AU%12% num_friends RUTC NN THESR, DMEF—SWRME A ERE ZRIE A,

BM e kB —TFths £ (covariance), X MMEERE T ZHI— X RiiA], J5 2 T R A48
SO IE R R B AR BE, Tb 25 M T A A R T B A R
def covariance(x, y):

n = len(x)
return dot(de_mean(x), de_mean(y)) / (n - 1)

covariance(num_friends, daily_minutes) # 22.43

MR T (dot) HIMER:, ‘ERWKE X MRITCEAAATIGE R, Anfim & x i y
Xt TR FIN R T e A & FIRIE, S8 RN EiTa S FRoIralE, kAR
AR — IR, AR —A e KT A SRSE, ma—AVhTESEE, ARk
AT — AU, Bk, AR A RIIES, sERER y R, Baxh
RK, BeE ARy RN, AL x WA/, b5 Z2 A i H g HER K, stk & x F
y —AMRK, WB AR BRI EER G LR REBALE.

fHa, XABFIRAMEmRE, R,

o CERRALER ARG (BIIA - 28 - BR), THERE. K- 280 - 5K
At 202 )

o WA P RIAEIEMEIPIRE (B BB E), T ESHEMEME. EAEME
SCEVF, ARREIARR R AR, TR, R KT BB ZEERET A4
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W, A8 RS2 BIEAAIRES, Bt hth 5 ZEREAA AL R R 22 «

def correlation(x, y):
stdev_x = standard_deviation(x)
stdev_y = standard_deviation(y)
if stdev_x > 0 and stdev_y > 0:
return covariance(x, y) / stdev_x / stdev_y
else:

return 0 # WAL, MHRRECHE

correlation(num_friends, daily_minutes) # 0.25

R ARBA AL, BIIIELE -1 (SERRARR) 1 (E2HE) ZRl. #%(E 0.25 1
AT SSHTIEAR G .

HAE, FA2mg T Edaiid, &R S5-2,

100 . ¥i§%ﬁ%ﬁ§ﬂ¢ﬁ@*ﬁ3§fﬁ§i | |
80| |
L]
60 | R
L]
é; ;. ° %%
L]
?g ...lo ® o
40 8@ ¢ ° :
& o
L]
L]
LX)
20 R
@
]
0 I I I I L]
0 20 40 60 80 100
A

B 5-2: BREENIMEXAY

E IR 100 S ARIR P (R AAEM BB 1 r8h) B—AWIBAREE, XA
B R S R AR U, AR TH RN A 22X N, B AHMVE? TR

8
8
£
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outlier = num_friends.index(100) # outlier[lyZ:5]|
num_friends_good = [x
for 1, x in enumerate(num_friends)
if 1 != outlier]
daily_minutes_good = [x
for 1, x in enumerate(daily_minutes)

if 1 != outlier]

correlation(num_friends_good, daily_minutes_good) # 0.57

HERR Tix A5 (B, AEOCHET R RS T (WE 5-3).

FobR S 12 Jr AR 2

100 . -
80} .
°
60 |- .
°
g s. ° o
°
bs . ee o R
40f o 8§ es o ° . 1
® .:.O':° 00?® °
'0".", [} °
...l L] e o
.!.!.'i !
20-.:..! o'g -
....o °
- )
0 I I I I
0 10 20 30 40 50
A KL

B 5-3: BRRBEZIBINEXAL

W I, RRBLXA R E S LU — AN ER K S, R AR E
A, X IR AT AR B O ER B T,

= it A< A}
5.3 FELHIFL
M RS A P o M AR IS T RE S R AE S, BRI S, a2 TR &, tHre R
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Bafiketk.

ilan, (BVRICR TR & 510 BRSO R A A R B R AR M2, REPELS
E— T W— 14 O BIE 7 5 AT -

BE RRE  FHRERH
VU 101 8.2
IR 103 6.5

R, PailE R R BERPHE K EURT R B P K E RN E Y IRATE S8 e LSS TP
LRGSR SUREE. ik, AHLAT A, SR RIS EERUE.
Ho A EnT, RENIL T — L RIS, AnRIR O LI A 22 LA Bt FL27

K, SFERWREREEFHE R FMABCE L . AR U LA T2 LR B
P, SSRURE AR RV 5P A E L T

B L LR TR RE
VGl i+ 35 3.1
IRilg i+ 70 32
VGl et L 66 10.9
IRifg et L 33 13.4

—HIRFIET PR, HHARR REGR A R AR 2Rl P K SR G i
FERH AR BRI R, SR — st BRI EOe P 58 () 2

XFRAEI T P R A REERAE T, FHSE R BURBAE A e % #AfAn B TR 2
TR AR RIS AL TS BRI R BENL Y B, RS CE S TR ORISR 2
IF, “HABS AR WVFE A — I REERY AT TR (R B, (HARATFAE 75— Fh2 L5y B Y
FEIRAUHLAD, “HAb AR AT AT RES A — M RPRERT AT R 1%

BES X P I ME— 55 SRRUMG R TE 4 T AR 69 3048, JF HURV AT RERAE A ml RERUTEE 2% (A
Fo BH, EAFRAL K, WRIREAX 200 MEIEFHER IZHE RRENEDE, R
IRATRERE C22 13 T VaiE = B P2 R R AR RE D VESIE .

54 WHXRHEMEIETEM

MR ABATRIFTHNE R Z AL R A, HENZ RS AT RES A EH M A%
%o BlAn, k.

x =[-2, -1, 0, 1, 2]
y=>02, 1,0 2]

S
&
ik
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WL, xFy AR RECA 0. HASEM, x My ZREARAEMRER—y hiES
TCHERFT x A RICREIE, Kifi, AR TMNATLLEAL, B x_t Fl nean(x)
ZIEHISE RS y_t il mean(y) ZIAIHYSE RIFRA KRR IER. X2 —FiH S R EOR B 1)

BESh, MR ABICIEEFIR R A L5, Hildn.

[ 2 1’ 0! 11 2]
[99.98, 99.99, 100, 100.01, 100.02]

X
y

DL EX A e ARG, (B GRIR TR R 2 ) IRA ATREIX ARG R F3EA SRhri L

55 MHEXFfER

PRAR AT RENT Bl X FE— AT “FHIR AR BRI XFEMITERE RS B — (B 3] T —HE
o A AT ZhiE A S BB N Z O, AR, X EEITEMT—4nR x Fily 9840
X%, MLERERREXSHET y, Sy o2 T x, sEWEME S T, sSEGFAR =
HHRZERESHRT x My, S&HtamaE,

[B] 48— num_friends f[l daily_minutes Z[HIAYZ . 4% DataSciencester F P 7 WG 4
AR 2L, FIRES3IA AR, XS H /el REst & S A MW _EFE 3R o 2 iyt ial,
WATRE R X MG . R REA —E 5N, B2 PIRKKE, st
L 2 (1 IF TR) SHe DX R A AT T8 58 3T

B, WAXHE—FAHE, VRV/E DataSciencester 1815 FRYNF AR, fRutbka v RERE
FEERERE AL, XWEWSE, EME B L, S HEFE LA,

MR, MR IRE R TRAR R P, s AR B AL 2 A (A ]
KILGXEABR), HHESRTEREIRPERMNA (BEAMBIT M AANEE).,

REATREHLIR B A TE S PR RO R AT AT SEPER — 47 05 1% PRATEA ek — 4L R A RIS HH 4
TERIH RBENL Y AP, FExH s —H IR R R R, R K, ARFE
HR S FEARIER .

Eedn, AR R S P ORGEHSZ i 5T (http://www.nytimes.com/2014/06/30/technology/
facebook-tinkers-with-users-emotions-in-news-feed-experiment-stirring-outcry.html?_r=0) , #] UL Bfi
HUAH P i — A/, RGBT A1/ N o AR B A SE BT AR A~/ VA o
B FER_EAE SRRt RIFE R b AS /D, AR ARk AT “PAA 5 22 AR AC 25 31 A2 b B[R] A%
-

%Pd%
ik
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5.6 TEHFE

e SciPy (http://docs.scipy.org/doc/scipy/reference/stats.html) . pandas (http://pandas.pydata.
org/) F StatsModels (http://statsmodels.sourceforge.net/) ZE4k %8 & A EH IS EREL,

o GiibAARWEE, (BEU, BAGHRBHER EE? ) RIS — AT R
BHAR, BAFRBE—ARGi 2 B8RS, W AR AR, KRR Ewas .
— Openlntro Statistics (https://www.openintro.org/stat/textbook.php)
— OpenStax Introductory Statistics (http://openstaxcollege.org/textbooks/introductory-

statistics)

8
=
i
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RN K H LR AT, (2R LR LRI,
— g% A

ARG RIS A e R B IR B S A e %2, NSl Iﬁﬁmﬁ@% EFA
FE 5 TG F TR, BOTEARZHME b UHE— RIS, AR BT SIEA
it

h TREBEATEAY, (REHEEERTE A A 2 18 sl I ) F A A B AT Rt
M—F . B EARIEAR BRI EAR N, 12 7R Bl R B e, 22l
ERTA FTREAVES RIVEE & . REEEE AT —E ke —A-F 0, than, “B AR
B 17 "B R BOR A SR,

BATVH PE) RAFIE Tl E (R,
Bell 1 TR FRER B IAEBR , I RCR LS TSR, BRI IR AL

REIRLER, TUAR ASZ LR B 2 & 1 22 5 GO WP L Bk SE 4 7). 1H
AR EAIAEA I,

6.1 AImIrFnfdsr

{ZiZ ik, i ERAET®RE F Rt (BF FEAEBWRE ERE), BOTFREM, ES5FE
- F AT Aa Z 4k 5 (dependent), X2, E5 Fyi#a Z = (independent),
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BB, AR — B SJAIRE T, AR A FRATTTCTEARYE S — A E 45 R 15 2
AETH A Bk PN S RIS R IR b 55— R PBAE o B £ RN EE R I T £
R, XA ST, AR, AR — R ISEE T I EE R A IE W] L, AR BATIREMR
H] S R BT 1 7 2 $RBRE T3 A 73 TS R TR ]k (AR EE — TR B M O 25 SRR IE T L, AR
AR PRI EE T A S5 RAS AT RERRAE I o) PRIk, 55—k &5 R IR T 1 L ANk Ah
R RTRERE S b, XA~ A A TR

W SR, TR R I: P SRk 2 A R R S AR ST 10 B A
BRI

P(E, F)y=P(E)P(F)
FE LG, “9— R MIE R L AR 172, “PRREE AR W m LT AR
S U4, AR e 1 O HL M RE e I LT AHERA 0,

6.2 FHHE

WRFM E S F S, AB2E G

P(E, F)=P(E)P(F)
AR A —E ML OFH F RIRERAAE), M4 E R T F RIS .

P(E|F)=P(E, F)/P(F)
SRR AT DR R, , o F RAE, E SRR,

H R 2508 BT -

P(E, F)=P(E|F)P(F)
WA EAF ST, W ESCMIZEORA -

P(E|F)=P(E)
AR AR TR, FRERAEFRLM E R T R AR,

A WHISET AN AP ZF (EBIRSR) BIFBE A BB G-
WRFA MR -

() BA AR B A L A R
(2) 5 A B A PRI 55 — A% AP BIRE=R Shor

M2, Ff WAL RS 14, FE B, A& R 12, HiE
It HIREERA 14,

IAE, BAF—AE, Fi:B N FHELZ” KTHEME G “REFR_RLE” BT

R | 65



W2 200 RIS E SGRA T H AT

P(B|G)=P(B, G)/P(G)=P(B)/P(G)=1/2
FEBE GMRE (“PINE TR Lt ARET&LE”) NireFt B Ay, (—H
REE R R %, IR ki)

XAEERRE A IREE R

FAMEABER, FH PN ZBRLE” RTHEE 2O FRELE (L) BEME
Mg 200 HPERIYE, SR T,

HRFARERE , F0 B A LR WS R L, FRLED M EFEL
#%7) WEFEF M B, X ERE

P(BILY=P(B, L)/P(L)=P(B)/P(L)=1/3
At ASAXFENER? WRRCMEDL - NETELE, WARNKER A B&%M—
NIRRT A LRI R RS .

FMTAICLE L AR VP2 K IERBIEX A E51E

def random_kid():
return random.choice(["boy", "girl"])

both_girls = 0
older_girl = 0
either_girl = 0

random.seed(0)
for _ in range(10000):
younger = random_kid()
older = random_kid(
if older == "girl":
older_girl += 1

if older == "girl" and younger == "girl":
both_girls += 1
if older == "girl" or younger == "girl":

either_girl += 1

print "P(both | older):", both_girls / older_girl # 0.514 ~ 1/2
print "P(both | either): ", both_girls / either_girl # 0.342 ~ 1/3

6.3 NMHETEHE

Ui B SR PHE R R RN 2 —, ERA MR ER, B MGEET
R EATORENSEM FIRAR, HERONCMIFENGE R FRETERER
F E RIS . ORI SRR AE 3L, rTDR 3 5.




P(EIF) = P(E, F)/P(F) = P(FIE)P(E)/P(F)
F F Al EAMAEAE GRS “FERM LA™ 5 “FREERKRAE". i
AT "EfRf R ET (B “ERARAT), AT

P(F) = P(F,E) + P(F,~E)
I .

P(EIF) = P(FIEYP(E)/[P(FIE)P(E)+P(FE)P(1E)
3 A DU R R T 2

DU B 8 FSRIEWIOA T 2 8da P2 K LA W ik XA —Ffs, 10 000 4
AP EH DRI BERIRAFEXHZRMIL, HA 99% KAl GEMEREZ tH IE BT
(A s, MRER A7, aRER, MER TR .

PHPERI MR S5 R R G T 2 We? BATH T30 “IRE RV, M D Fon “IREA X
W7o M2, R NHHTE R, ARG R AP, AR EA IR A -

P(DIT) = P(TID)P(DY[P(TID)P(D)+P(T[D)P(7D)
WA 1HLE, P(T D), BI—A NIRESRA P BAS N SEbr AT 0.99, P(D), Al
—A N SZBR BRI 1/10 000=0.0001 o, P(T [7D), BI—/>A IR AASIIE, R 2 B
HIIERAE 0.01 o P(D), BIl—/ NSEbr B BIZHRATIER A 0.9999 o ALl E&HRARA
T E R, AT

P(D|T) = 0.98%
SRR, MAREE AR FHPER N SEhs BRIIHER A S 1%,

Pl S 1H 2 SR I AE DG R BT 192 B AR BE T A2 MR i =5 5 2 e/
HARBENLAY . AR AR R E RN A & R4 M, WA %R
BRERRB AT HE WAL RIER, JFEHRIAHAERT SRR,
R RS RS EIRE .

T BARFHEZRORUL, X/, HRE S BRAESSEN P(D |T) RIEHEGE 2.

—AEAMMIE LA, ERBIESERERE 1 E A REHIEIAF 100 4~ N EBH 1%
W, X 100 AN A 99 AN ES R Bor Y, 5B —J51m, #RINA 999 900 1~ A4
HiZgw, 9999 N AMAEE R R, XEWREE (99+49999) MK LS R 2 BHPER A
W, RUCHICE 99 4~ N5zbr B EBAIZR,




6.4 FMEHEE

ML T SR FE—FPAs &, HATRERIEIEAR — P A 2R A, 8 S — /TR I BE DL AR
e M AR, R EEE L, IR RST 1, R Ere L, MILERSET o,
Al UL SO R R Se B LS &, AndaE —ARRE D 10 &k, AE EE S ErkEL, SEm
range(10) HUHAY—/ME, B/ EUEHHE 1 ] BEPEARAH S .

KA oy Aot 22 e SEHL A AT RETELAIA T T = o ik R 45 B A B AL 55 1 O HOMER
0.5, FT 1AM 0.5, I range(10) i s BEHL A 84 A A M 0 F 9 2 il i) 45
AEAEB T 0.1 RS,

TR STHE —AFEPVE BAA 24, FoomiX N PEALAS & v BE(E AUIESR IAUE . 6% )
FEALAS B ISR A 1/2(=0 * 1/2+ 1 * 1/2), 1fi range(10) FEHLES B HIE(E A 4.5,

REHLAS B rTDAE AR08 & i o, s bk —HE, B 6.2 5 “SfhiE=”
BN TH T an X R TR LR R, A4 X 2T 0 HE=Rh 14, %%
F 1R 172, 2T 2 IR 1/4,

HEMBEL-ANETREEE, BEHEL —THEENAR Y, FoRETEANKHNZ
B S, YT LIIRER 2/3, 2T 2 0MER0 173 . B e B —/ 1 HIBEhLE & Z,
FaRETRETRLCENRNZ EWEZIA S, 25T 1 R0 12, T 2 iR
172,

KB TEOLT, BT HRELE RATREE, BIERE AR, FF8eA 3 R 5%
{Eo AaRAFARIETE, PTG b R .

6.5 EENH

PO ot LA B A (discrete distribution) X B R A5 R T E AR . FRA 1R
i AXHELREE R o AT . O FIRATIIESE B 0ok U, X Sk BL i dr Al S 4,
1BszbR i AR B XAERY) Bl40, 394 %% (uniform distribution) EREZXT 0 2 1 2 [AIFYAR
FIEAM THRIAE (weight),

B 0 0 1z e $es, it sl s, WMPRsEJLFE%., Bk, {8
Wit % F & % 4 (probability density function, pdf) HYIELL Ak FmEde, —AVA R
TS XA AR 28 55 T M8 8 B BRI ) RO AR Sy

MRRSIBRAEN, A—MER RIS EEECh f,
A AR/, WA EAIEEAE x 5 x + h ZIAIRSHEERBEE 7 fx).,
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B E) oy AR W28 FE BB T

def uniform_pdf(x):
return 1 if x >= 0 and x < 1 else 0
APRTHET, — AR 535 A BIBEHLAS & 9% /2 0.2 F11 0.3 Z A% 1/10, {E Python
i, random.random() & 4% %) 55 A A B PARE LA R 5L .

FRATIE 5 % & o F % (cumulative distribution function, cdf) B4k, X AR
T —AEEHLA B/ T2 R [EHEER, ARSI 0 i 2o R s A (W
6-1) :

def uniform_cdf(x):
"returns the probability that a uniform random variable is <= x"
if Xx < 0: return 0 # L) AIREDLAS A& /T
elif x < 1: return X # e.g. P(X <= 0.4) = 0.4
else: return 1 # B mMRENLAR =&/ T

2] 3 A 1) B PREL

151

1.0+

0.5 1

0.0

=05}

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

: INHORRD MR

6.6 EXSHH

EEG Aoz BRI dh IS B, FTLLSE 2 HRA S B E «
B p (mu) FbR#EZE o (sigma), BI(EHR BRI LA oLy, Brifl 2 60A £ A £

ccqb77
UL o




AEA S AT A R BN T -

f(x| o) = J%G exp( (xz_ofz‘) j

FATAT L AR EL

def normal_pdf(x, mu=0, sigma=1):
sqrt_two_pil = math.sqrt(2 * math.pi)
return (math.exp(-(x-mu) ** 2 / 2 [/ sigma ** 2) / (sqrt_two_pi * sigma))

FEB] 6-2 RIRATIZ Tk SRR B s B, SRR A ENRTEAR AN (T .

xs = [x / 10.0 for x in range(-50, 50)]

plt.plot(xs,[normal_pdf(x,sigma=1) for x in xs],'-',label='mu=0,sigma=1")
plt.plot(xs,[normal_pdf(x,sigma=2) for x in xs],'--',label='mu=0,sigma=2")
plt.plot(xs,[normal_pdf(x,sigma=0.5) for x in xs],':',label='mu=0,sigma=0.5")
plt.plot(xs,[normal_pdf(x,mu=-1) for x in xs],'-.',label="'mu=-1,sigma=1")
plt.legend()

plt.title(" £/ IEAS AR ML 2 B B 5" )

plt.show()
0.8 é;ﬁ\ﬂi%iéifﬁﬁﬁﬂ%3§%§ﬁf@ﬁiﬁ
5 — mu=0,sigma=1
07k P - - mu=0,sigma=2 ||
P mu=0,sigma=0.5

o6l P -~ mu=-1,sigma=1
05 o ]
04t 4
03+ 4
0.2} 4
0.1t .
0.0 = -

—6 4 6

6-2: ZTESHMIMEBERH

R u=0 I H o=1, XA AMRAFRAEEZ DA, AR Z R M A bR IE &5 A A REHLE
i, WA TR

X=cZ+u




Horp X WSS A, HIDER u, bREER oo MR, AR X RIER u brilEZER o 1)
1EES A, B4

Z=(X-w)lo
FEARE AR5y A B AL AR

%
PRAEIER DA BB AR RO AR WU EFER, (BE1E Python FRa] DL & %%
math.erf i .

o

def normal_cdf(x, mu=0,sigma=1):
return (1 + math.erf((x - mu) / math.sqrt(2) / sigma)) / 2

B L H — R IR B A s (anl&l 6-3) -

xs = [x / 10.0 for x in range(-50, 50)]

plt.plot(xs,[normal_cdf(x,sigma=1) for x in xs],'-',label='mu=0,sigma=1")
plt.plot(xs,[normal_cdf(x,sigma=2) for x in xs],'--',label='mu=0,sigma=2")
plt.plot(xs,[normal_cdf(x,sigma=0.5) for x in xs],':',label='mu=0,sigma=0.5")
plt.plot(xs,[normal_cdf(x,mu=-1) for x in xs],'-.',label='mu=-1,sigma=1")
plt.legend(loc=4) # JIKEfAL

plt.title(" LA IEES MM RS RE")

plt.show()

10 LA A B B AR A e
0.8} R
0.6} R
04} 1
0.2 mu=0,sigma=1

“1 mu=0,sigma=2

mu=0,sigma=0.5
- mu=-1,sigma=1

0.0 ———— .

—6 -4 4 6

B 6-3: ZTESHMNRRDHEE




AR ST 2Ext normal_cdf Bust,  Aifi rT AR H AR FOBE SR HOAH BB . ANAFLE LR R
B EE 575, 1HHT normal_cdf ELE H ™k, D3R eI CARE FH — 5> 24K (heps:/
en.wikipedia.org/wiki/Binary_search_algorithm) [175

def inverse_normal_cdf(p, mu=0, sigma=1, tolerance=0.00001):
"""find approximate inverse using binary search"""
# QR RRIE R, SR A7 2 A M il B
if mu != 0 or sigma != 1:
return mu + sigma * inverse_normal_cdf(p, tolerance=tolerance)

low_z, low p = -10.0, 0 # normal_cdf(-10) & (JEWH$:0L)0
hi_z, hi_p 10.0, 1 # normal_cdf(10) & (JE# L)1
while hi_z - low_z > tolerance:
mid z = (low_z + hi_z) / 2 # s
mid_p = normal_cdf(mid_z) # Fcdf{EABHEE
if mid_p < p:
# midpoint{/B3K MK, #Z b B KIIA
low_z, low_p = mid_z, mid_p
elif mid_p > p:
# midpoint{fssk A, i Z e/ MIIE
hi_z, hi_p = mid_z, mid_p
else:
break

return mid_z

XA Sy BIXCR], B 5 HIE— A R G5 T R AR AT Z (i

6.7 HORRETR

EA ARz, MARE EAZh TP o2 (central limit theorem), X/~
ERYL, —ANE AR EIRST R A RBEHL AR AP (A BB AL AR S B k& 8 T IE S
FilioR

Fesith, i x,, o, AGEEA u. bR o REYLAE R, H n RK, B4
%(xﬁr et xg)

SERLESS T, HIWEh u, bz o/ ST ESRE#FH) .

(X, +--+x)—un

oln
EAGEIES S AT, BER O, FrEZER 1,

Gy AR UE G F——H A n F0 p A E0 = KPEYLAE R, — > I0CBEAL
755 Binonimal(n,p) /& n A7 A% FIBEHLAS & Bernoulli(p) 2 F1, A5/ MA%EFIREALAS 54




T 1R p, 5T 0 WIHESRIE 1-p:

def bernoulli_trial(p):
return 1 if random.random() < p else 0

def binomial(n, p):

return sum(bernoulli_trial(p) for _ in range(n))

1’@’[‘1[33?%”%1%*5’ Bernoulli(p) FY¥I{E A p., 1‘3@%7’3,/ (I =po *E%*»L\’I‘ME&E@
M0 BERRK, T E ML & Binonimal(n,p) ¥E LT — /N IEAS IR &, H

HIGER p=np, FifEZEH o = /np(1 — p) o AERAEHA S AHERE LU R, REL R
AR DI -

def make_hist(p, n, num_points):

data = [binomial(n, p) for _ in range(num_points)]

# AP B 25 S hrpy —IisNhEA

histogram = Counter(data)

plt.bar([x - 0.4 for x in histogram.keys()],
[v / num_points for v in histogram.values()],
0.8,
color='0.75")

mu=p*n
sigma = math.sqrt(n * p * (1 - p))

# AP B2 HIESE

xs = range(min(data), max(data) + 1)

ys = [normal_cdf(i + 0.5, mu, sigma) - normal_cdf(i - 0.5, mu, sigma)
for 1 in xs]

plt.plot(xs,ys)

plt.title(" —“Tim i H5IEAIC{L")

plt.show()

Eban, #5i F B % make_hist(0.75, 100, 10000), n]LLE3E 6-4 H(fl&




I A S IE AL
0.10 )I\]}'%E%‘E ILJU.

N
0.08 | \

1
0.04 \

0.02}

0.00 ' : =
55 60 65 70 75 80 85 90

6-4. make_hist &R

ULAFGE IR SAET, AR R AR i 2 — B SO RIRE T 100 Yk A IE TR 9 BB I 60 TR
W, AL LA — A IE& 57 A Normal(50, 5) FIBEHLAR 8k F 60 RS MG TE, XLt
T4 Al Binonimal(100, 0.5) B9 R A BACE 2 5y (RAEERZH A, fryTLL
16 B TH 5 (I T3 A AT R AR B2 AR )

6.8 FEHFS

« scipy.stats (http://docs.scipy.org/doc/scipy/reference/stats.html) G475 £ K 22 5 WLHE % 45
AT IR 2 B R BOFR R R A R

o RS WA BURFEF G U FEM, MR, X BB ETGEE S CIERIEH
Hh. T HT S0 1 B 4T 1 TE £ B At & Introduction to Probability (http://www.dartmouth.
edu/~chance/teaching_aids/books_articles/probability_book/amsbook.mac.pdf) ,

%Fd%
[e)}
it
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BTE

(R S

RFRTZE, FAATZA,
— kA

FtelA GRS AIALUR , S M2 AR SRR A sy, To
RIS XA T BB A B B R R B

7.1 FitRigwiE

VEABARFFER, BA1H HTHREAREEMRBOE & R, AR, R XA m
LT “BEFHE K = Python [Pt R™ 8¢ “ AR AMTTRFFREA 28R Y/
B ISR S NSO, IR LRSI T BT A~ TR, AR S Bei3” 55 T LBl
RS BARIINT S . RN Z T, XS THEEE ol DL A M FR 2555 A
I AIRE AL FAE X AT EALE A D e R AR o e i VT

AN BORXAEN, ERINE — A RBE Hy, BRE-DBINSLY, mA R
H REEBNA R GRRIE LRI, T8 Sk deE Bl 12 6 nT LA Hy, B
Wieae M ET R, Wit 2 GIREE B DX At

7.2 . BFET

RBeA — i, FATKEFIWELGHL, AUEM—me] LA el getie S5, HL,
(Risc R T v M e IR T 1 _ R4 p, FRLARMNIA R R BCARE M 2), Bl p=0.5, FRA1ZEx}

75



FER AR p0.5 RARIR XA R 1

BV, EIeIaEm » , IR ERYREGS X, BERAEEE T #e — kA% F
W, EE X2 TG & Binomial(n,p), (IEANSS 6 B ArkEIAY) wILUIE
I ATRAUA -

def normal_approximation_to_binomial(n, p):

mwin

"""finds mu and sigma corresponding to a Binomial(n, p)
mu=p*n

sigma = math.sqrt(p * (1 - p) * n)

return mu, sigma

BN B R M IE &, Bl 1k T LA normal_cdf S 3 H — AN SEUEUE 2 T
(BAFE) HA g X RIATHER .

# E&cdf2— S E—A BWEL TR
normal_probability_below = normal_cdf

# AR EANERIELT  AERE 2

def normal_probability_above(lo, mu=0, sigma=1):

return 1 - normal_cdf(lo, mu, sigma)

# AR B/ N ThUEA o/, IE A ELEX A Z

def normal_probability_between(lo, hi, mu=0, sigma=1):

return normal_cdf(hi, mu, sigma) - normal_cdf(lo, mu, sigma)

# AIRAEX A Z N, IR L3 AE X ] 2 5P

def normal_probability_outside(lo, hi, mu=0, sigma=1):

return 1 - normal_probability_between(lo, hi, mu, sigma)

SH Rk, HHARRX, S ERESERMLE O8FR) B, XA~ Dda 4 R
LRy A e, boan, AnRBAIFTEHHEISEAFO B 60% rTREMERIDCIE, ABHA
TEAREAEA, (LR T RAEE 20% IR REME (ZahiFl & H 60%) -

def normal_upper_bound(probability, mu=0, sigma=1):

mwn wnn

returns the z for which P(Z <= z) = probability
return inverse_normal_cdf(probability, mu, sigma)

def normal_lower_bound(probability, mu=0, sigma=1):

wnn

"""returns the z for which P(Z >= z) = probability
return inverse_normal_cdf(1 - probability, mu, sigma)

def normal_two_sided_bounds(probability, mu=0, sigma=1):

"""returns the symmetric (about the mean) bounds

that contain the specified probability
tail_probability = (1 - probability) / 2

# RN AEEZ LRytail_probability
upper_bound = normal_lower_bound(tail_probability, mu, sigma)

# FNHRMNAEHETBZ FAYtail_probability




lower_bound = normal_upper_bound(tail_probability, mu, sigma)

return lower_bound, upper_bound

Bk, BRIRTERIEM 2=1000 2k, AR R TH MR ER, 4 X
MR MIEZ Sy A1, 1A 50, FrifEZET 15.8:

mu_0, sigma_0 = normal_approximation_to_binomial(1000, 0.5)

FAFEEX 2 F 1 (significance) TE L ——ANA L RKIIATREMEIL % 1 4% (A
7)o fEXMFOLT, AR TR ER Hy, (HSKhr BRI IERRY, H T8 LA
SIS, RTREMERIR/INEH BEE 5% 8 1%, AASFEIESE 5%,

IR RIS —— R X U AELL P IXEILAAE, stfadeifii% H:
normal_two_sided_bounds(0.95, mu_0, sigma_0) # (469, 531)

R p ebs BT 0.5 (BN, SRl Hy BS7), ABATATA 5% W RTREMLINIE] X 7% ££ X 7] 2
Ob, X IERBATRERN R E, BaE, Rk H AE, B2 20 kG RAH 19 &
ST EMRIZE R,

BM1H H XA % (power) A 24HE, TIAVERILS 2 KRR, 5 2 RbHRE
JRIR1% Hy AR, HIRATARIE S R A i R (B “98(h™) . h T i Rgeitrs,
TR W H, R R B 4, ((ULELE p T2 0.5 LY X 5 fifR it 2
BIEE,) BRRUL, a0 p SEhr AL 0.55, R T 45 SR 2 A 2 ) 1E m ] |

FEXFPETE T, AR GRS
# ST Rikp L0 . SO S% St

lo, hi = normal_two_sided_bounds(0.95, mu_0, sigma_0)

# JEFp = 0.550H Lmuflisigma
mu_1, sigma_1 = normal_approximation_to_binomial(1000, 0.55)

# 2R IR A R TR 4 R IR %

# X SSAEXTY SR AL S (I X [R] e & A=

type_2_probability = normal_probability_between(lo, hi, mu_1, sigma_1)
power = 1 - type_2_probability # 0.887

AR IR XA A AR A S WE T ER& L, P <05, EXMEET,
BAMEH L4 %, R X KT 50, FAIIELIRELE, i X/ 50, shAHEL )R
ik, FEk, B3R 5% P52 E H normal_probability_below S48 HI /T 95% 1Y
TR LA A

hi = normal_upper_bound(0.95, mu_0, sigma_0)

# 52526 (< 531, FOAFRMWE LREFEE L)

RigSH#wr | 77



type_2_probability = normal_probability_below(hi, mu_1, sigma_1)
power = 1 - type_2_probability # 0.936

XA, i X/NT 469, BAIsEAEEL H, (A H HE, X AKAHER
M), 24 X AE 526 F11 531 2RI NIES H, (i H, hE, XIBAATRER ).,

AT EIRARIERY 5 — P S R p A FRATA RS T2/ B e B e S, W
MR ——{Ri% H, IER——3A 1A S — 2D 53 TS b B (i — A A (.

bR T A Y SRR S, FRATRT MBI T T3

def two_sided_p_value(x, mu=0, sigma=1):
if x >= mu:
# R R T, tal lFoREbxk £/
return 2 * normal_probability_above(x, mu, sigma)
else:
# ARXELIOME /D, tallFoR b/ N2 /b

return 2 * normal_probability_below(x, mu, sigma)

ARFA VL BRI EERPA 530 KAIEEH] b, ATLGXFEHE.

two_sided_p_value(529.5, mu_0, sigma_0) # 0.062

It 4 AT 529.5 10 A 530 23 gk A BT IE Y 3% £2 4K I (continuity
correction) , ‘BB T —A~ZSE, B AAHERE &5 R o B F 530 RIE TR B
HIHE2 A=, normal_probability_between(529.5, 530.5, mu_0,sigma_0) +&
[t normal_probability_between(530, 531, mu_0, sigma_0) ¥ 4fi{fit,

AH)/ b, normal_probability_above(529.5, mu_0, sigma_0) 47 % %E /b 530
PRAETA_ERERIE A, Rl ARl AR A B B 6-4 B,

WU IX RO i 1 45 BRAY— A5 {2 Bl -

extreme_value_count = 0
for _ in range(100000):
num_heads = sum(1 if random.random() < 0.5 else 0 # (FmEe] ERYTH

for _ in range(16000)) # {E10007K Hilf
if num_heads >= 530 or num_heads <= 470: # P RLR IR E R SRR
extreme_value_count += 1 # R AE =R

print extreme_value_count / 100000 # 0.062

WA p (ERT 5% R, FrUARMTAREIRA R Rk, aRIAVER] T 532 RIEmE L,
HBLHARLE p (B -

two_sided_p_value(531.5, mu_0, sigma_0) # 0.0463

BT 5% R ENE, FBBINHELAE R, IR iR rAE R, PR iHRSET

A
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I ERA A
RIAE, A1

upper_p_value = normal_probability_above
lower_p_value = normal_probability_below

RGBS, ARIRATER 525 EHE R F, AL AT LA

upper_p_value(524.5, mu_0, sigma_0) # 0.061

XEWRERNSEGRIR%, B ATER 527 kEme L, FM R

upper_p_value(526.5, mu_0, sigma_0) # 0.047

WRIGEER, BRI R,

£ il e $ normal_probability_above 15 p (.2 i, 75 %7 IR K dE K

B MM IES S A, BAEFHERA REGE LT h R B E 2Rk 2 T HAY
\ﬁﬁnﬁﬁ&?“ﬁﬁ%EﬁﬁﬁWﬁW%ﬁ%$%K%E§ﬁﬁ,%%
~  RukEtEXL.

MBI AR T A A LR, R AR TS %

7.3 EfEKIg

Fe 1 — B X IE A B IHE SR p AT RIS, XA “IEmHE” oML
%o AR, BOTLEFE=MMI5E: ESEIIMIEIC#ESL & 42 K H (confidence

interval) ,

B, FRATAT UL o TR e S e o 1 AP 5% R AL A S ) (B R 15 T AN ¥ 20 R T A HE
H—Fm Fieh 1, FEH Eich o, Bux—RFMAZFIBEHLAS B0 P E, mEk
ALY 1000 RAEEFRA 525 kaEE S, ABATATATLAEHH p 5T 0.525,

XA AT 45 A 2 KWE? anRIRMTT S50 p IAETIIE, IE2MRPEH ORBRER (I
6.7 11), (ASFIREHLZ S EIIRMIES S A, HAIGlEA p, ARl .

math.sqrt(p * (1 - p) / 1000)

XHL, p ARG, FTLATRATIGE Il {E .

p_hat = 525 / 16000
mu = p_hat
sigma = math.sqrt(p_hat * (1 - p_hat) / 1000) # 0.0158

RigSH#Hw | 79



XA, (Hs 5z, SESEOFRMAEER: TR AR EESLES
p WIRTREME A 95%

normal_two_sided_bounds(0.95, mu, sigma) # [0.4940, 0.5560]
X T X RIRRE, AT p EVRFE, RIFEXHEMR. mRIRER

KR L, K 95% 1) “H” 280 (AR S eI E EX
] (FEKATRESERANE])

EE, BOEAREASOEMEEE, B4 0.5 %A TIRMIERFXIFA,
AR IR TEL RN 540 IRIETIEA L, AR 2ARR R -

p_hat = 540 / 1000

mu = p_hat

sigma = math.sqrt(p_hat * (1 - p_hat) / 1000) # 0.0158
normal_two_sided_bounds(0.95, mu, sigma) # [0.5091, 0.5709]

FEXFMEE T, “BOMm” HAFABEEXR., (HOMM" MRk ETER.
RARBEFT, APFHZEAE 95% AW Al B REm L . )

7.4 P-hacking

AR — A RFIUA 5% WO A B D4R 4R 1 5B, B LM IE L, 5% BT i) 25 6 i
R R -

def run_experiment():
"""flip a fair coin 1000 times, True = heads, False = tails"""
return [random.random() < 0.5 for _ in range(1000)]

def reject_fairness(experiment):
"""using the 5% significance levels"""
num_heads = len([flip for flip in experiment if flip])
return num_heads < 469 or num_heads > 531

random.seed(0)
experiments = [run_experiment() for _ in range(1000)]
num_rejections = len([experiment
for experiment in experiments
if reject_fairness(experiment)])

print num_rejections # 46
REWREMRIEA B “BF &R, W8 UR, REBIRm R mE xR EL

B2, e HERRI B, BERA AR SR E, Rk TEASE/NT 0.05 9 p
. (ER, X552 WHIHCHEA LA, )
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X 5k A& BT B A P-hacking  (http://www.nature.com/news/scientific-method-statistical-errors-1.14700) ,
R L T p (AHEZCRUHENT” OSSR, HEPRXFI S i — Rty CRd “HhERE
#J” (http://ist-socrates.berkeley.edu/~maccoun/PP279_Cohen1.pdf) ,

IR AEMAT A 3 TR, B AR A RO Z A i IR IR B, sk ZEAE MR 2 Al B R AT IR
g, RS, pEFAERERFERN., (/BRI EETICT7.675 “ I
W)

7.5 Efl: I1TA/BK
{R¥E DataSciencester [ E BT 7 — L BEMI, X/ T Ui, HSwdiksil
N . A —A) SR EEARFHA KO R T — R sE = 0o, &80 TRYELE
IR M) 5 A (“ARE”) F) & B (“EFREE) Zi e,
VEA—2A % F, R —k =%, XG5 R EBEVUBOE AR, Rl &
i e 8
AR 1000 SFEF)TE A BIAFRA 990 A A i), i 1000 S FF]) T B A H A
10 > i, PRATEABRIN A AR &, (HF5 A antt o B, w7 LA e T Hk
BT,
BIXA NANEBETH A, Hrpon, D ANRET . BRSNS — kA% FILE,
Hrpop, RS &5 AEER, R)F (ZIR N, 29Kk, bt k) Fi150E n/N, &
SIE AR TE 550 A HOBHLAS B, SEr 90 p,. A7l ho, = [, (1 — p)I Ny « [
nlN, IR E &S GHIBEHUVE &, 91 py, #5%ho,= [ p, (1 — py)I Np :

def estimated_parameters(N, n):

p=n/N

sigma = math.sqrt(p * (1 - p) / N)
return p, sigma

AR B BT A AR G AR, [ A A A Rt ik
S0H) s ILEN MRS, KAk p-p, FEED /0% + 03,
ORI AT RO, PR PR S DA A& O TR A A, B

TINE R b il T2 8, X BB A VLR b % ¢ A (HAR S 2
R, IESS A ¢ oA ZAIRIZE R AT LA ZIE AT

XA RATATLMEES p, A py AR5 (A p—p, FFTF) XAREE, BT

RigES5HE | 81



def a_b_test_statistic(N_A, n_A, N_B, n_B):
p_A, sigma_A = estimated_parameters(N_A, n_A)
p_B, sigma_B = estimated_parameters(N_B, n_B)
return (p_B - p_A) / math.sqrt(sigma_A ** 2 + sigma_B ** 2)

B REZIE D — bR A
Hdn, At FORAE BRI 1000 S BIUR B4 200 Sk R T R0 TS
MM 1000 7S 3% 180 st &, MIGEi- 4T,

z = a_b_test_statistic(1000, 200, 1000, 180) # -1.14
AP IE B EAESE, BB B B AN R 2 SRRy .

two_sided_p_value(z) # 0.254
LS IBE, DB T RR AT A IR0, B, R &
PUFRET 150 kb, .

z = a_b_test_statistic(1000, 200, 1000, 150) # -2.94
two_sided_p_value(z) # 0.003

RERE MR E R, AL VRE B IR ZE A= 24 0.003,

7.6 DI NtETHERT

AT A BIAALER J5 AR AL & G I A ) SHERA RHIBRA . “an R s IERh, A4
PRMLINER e - AR A 3%,”

HEWT ) — R AR MBS BRI &, Tl (s i) NS H 5
oA (prior distribution) %, FEF LMK HE Fn DU 10 BE U5 S BT R 16 % o
(posterior distribution) , ANFRXTRRIEAS S 25 A= T, A 0f 2 5504 B 4 LM T

bean, alRARMSECEME GRGHREMAIE ), A1 H Beta 2% (Beta distribution)
VEMSESE 94T, Beta 23 A {3 0 F 1 IKIA
def B(alpha, beta):

"""a pormalizing constant so that the total probability is 1"""
return math.gamma(alpha) * math.gamma(beta) / math.gamma(alpha + beta)

def beta_pdf(x, alpha, beta):
if x <0 or x > 1: # [0, 1] 2HMEARE

return 0
return x ** (alpha - 1) * (1 - x) ** (beta - 1) / B(alpha, beta)

—RABL, DAEsr A EIRCE O -

alpha / (alpha + beta)




alpha il beta #k, 4>Aimhik “Ux5s”,

fl4n, 4nsk alpha 1 beta B4 1, IBLNILF2EIH 204 (DL 0.5 by, JEF o). ansk
alpha bt beta KiR%Z, IPL KZEAEEEL 1, 2R alpha Lk beta /MR %, B4 KL EAN
EHAE, B 7-1 JBR T JLMASFER Beta 5 fi .

R IR AT A po ARG MR G S AT, AB244% alpha & beta #f
WEHN 1, SCEMRMBRETEMA 55% BIrTREIETH I, Stik#Eil alpha % 55, beta
ST 45,

RIGERMZ RIS T, &RE nRIEmIA L, A kFma b, 8 W ie s (o
— S R TUE S, WA AEER ), p ISETE 40 A (5 SR A& Beta o0 A, {H 24050 514
alpha + h fllbeta + t,

JEU o A A& Beta 0 A7, X IFAEMRAR. I M T IEm &S LT,
Beta A& T4y A AL 4840547 i (conjugate prior, http://www.johndcook.com/
blog/conjugate_prior_diagram/) . iX &M, JCIRVR(AIEH{E M FHS BT 35
oA BRI SE#7 Beta Jed8 010, MRIGESFHE|—A> Beta J5R0 10,

5 i T

— Beta(l, 1)

Beta(10, 10)

al - Beta(4, 16)

- - Beta(1ls, 4)
3

f#

| )
1 d
(}.'_'7 L5 b g L5 n
0.0 0.2 0.4 0.6 0.8 1.0

7-1: Beta ¢l
REVREPRE T 10 T H MR 3 veaEmsA k.,
IRV ) AT 4G CRIHBEA S RIUE M AHISIE) . BRI G 5 A
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Beta(4, 8), HL.Oh 0.33, WHRVRINCH BTG WY T Be b aBAR S, I8 2 VREAT G Mk S5 AR5 1
VAL IR R

AR PR Beta(20, 20) FF4h (FRWIRE KRB LB 50), 4RIV IE %5 4 4 Beta(23,
27), Hulh 0.46, X ZFWT Al RERE i AHAH IR T 191 L.

ARPRIN Beta(30, 10) FF4h (RUIRE MR AN, B 75% BIRTRESIEMEA L), AR
HIJRY47 A Beta(33, 17), HULA 0.66, X FMEULT, VRUMIAFIE L w]_ BRI Sk —
e, HElA I A RE T ZIUAARIIEY: A anlE 7-2 FiR,

6 T
— Beta(4, 8)
Beta(23, 27)
5H Beta(33, 17)
al

0.0 0.2 0.4 06 08 1.0

B 7-2: AMBSERNHBENBEDH

AR Z RIBEE T, TCVRIREAIESE 1 2 FRR e A, Sele o Afoet Ja a0 Al B R2MR 25
o/, AEIEERE L) HEERS A,

tban, TEierEcpRHBAE M R4 R A SRR M A S, 2R 2000 RHERE RS R h A
1000 JRIET#A LR, RESS RS FERI A (BRAEIRR SR L FE T Beta(1000000, 1)
XS

AR, X VPRI B “HE e A SIS, IEEE LR T 49% ~
51% HIRTREPECA 5% i E=RPIWT . SX AR 7 BRI TR “anRi M2 2n, il




2 5% WIHLS REMLINE s Bt ™

JH DU S b R AT (B AR B T 52 A U —— 80 o IR T e B IR & 2, IR T
RS AR TN . AN SR, HIEE TSR A .

7.7 EHREFES

o FRAUXOUHAR T GETHERTIY — O BAIR, 55 5 ARSI FEA K EIEAR
EIRVESIN

o TEERATFIRIRML T iR 3E 1 2 4H5C LB AR o A 5SS HERTERRE  (hitps://www.coursera.

org/course/statistics)
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i

BE TR

SR AT hbE, BIFESBEGZMMNTAANT X,
—E N

MEEIERE TOER, FH SmXAERREE . AR E S R, “hefl”
W SIRIA TR ROT R MEBIIRIE” SE “HORMCBARRI TR BiE I,
B TR RIS RIS .

KR E RN TFE MR —E SRR, TR, BRTHENFIFGMRFE-, 30
K J5 i —FPALUEAR B T % (gradient descent) [HEEA, T&EAMNEIFGAB D iRk L,

WVFPRTCE N bk Ly 8, (HBEREARBHBERNMIR 2 & N tar iy Sss, bl %
VIREEFR o

8.1 HETHENEHE
BTG A RS F, XA RS A — A e &, frt— > Se 8, — A s Rl
W

def sum_of_squares(v):

"""computes the sum of squared elements in v"""
return sum(v_i1 ** 2 for v_i in v)

FMEHFRERAML (FuhMb) IR XE®RERMNTFERHRIR T RER (i
V) FIREMERYEIA v,
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AR BORDL, #E (RS, XFoRmSEIE) S TRAERTT R, fEX
AL, RO AR, (RIS, HIRGERIR e A, )

FARME, e R BRI R e — A BENLRN AR AR, TR, fERRETT 1R (XA (E
BB R BRI — AT 1) BB/, BN ARG SO E A XA R [F
B, PRUATEAfEAR B T5 1 BB P /MU RS, anlEl 8-1 FiR,

T 60

B 8-1: BEE TRATERIR

MR EREE — N2 RE/NE, LI THIER TSI e, mRxA
REE 2 URER) B/bhai, IBAXFG TR RXA AL, AHIRAT LG
22K ROk E R IB T T AR — A RBB A /b,
HHRZEATIER.,

8.2 fHEME

AR R AL, P2 EAE x RSB T x R AR, fFO) BT 2, '
Bodid ZE AR PR R E L -

def difference_quotient(f, x, h):
return (f(x + h) - f(x)) / h




Hr hi#ir+ o,

(VF 2R 9022380 2 I TR BRIV S, X BIRAMIALBE, RN ERIT A4, &
T 4.)

flx) @ (x, f(x))

f(xeh) \ (c+h, fx+h))

B 8-2: BIEBRKIELIFH

SHORAETE S, (x, f () BIPIERIEER, M ZE R sl it 25 (x, f (o) B (ot f (x+h)) FOE]
LRI, 2 noblokll/, B SISOk (WK 8-2).,

R BT RSB T3 S8, EbaneBE 5 si 4k square:

def square(x):
return x * X

def derivative(x):
return 2 * Xx

PRATLAH S R A —— AR R A TE—— e WA T R2E 0, FEURR .,
ACRBAHBRE (SARE) We? Python LIk A SR, (H A DL i H3—/MR/




HIAs 2 e IZER R s . B 8-3 A TRXAMER AR
derivative_estimate = partial(difference_guotient, square, h=0.00001)

# 25 Amatplotlib. pyplot{E A p LtHY A AH R Y TE 4

X = range(-10,10)

plt.title("fEHIRY SEE S IHE")

plt.plot(x, map(derivative, x), 'rx', label='Actual') # FH x FEr
plt.plot(x, map(derivative_estimate, x), 'b+', label='Estimate') # | + FE~
plt.legend(loc=9)

plt.show()
20 K S B S5 1T HE
*oox FRUE *
151 + o+ filiiHE * i
10+ " |
1 ) * ]
0} " |
—5| . * |
-10} - .
-151 } * |
__:2 c) | |
-10 -5 0 5 10

B 8-3: ZEILIUENMSE

4R ZREREN, EAE MRS, BRFEEOR U — AR R AR
AR LI R B f AR AL

FAHE BRI (AR RA RS, HAERREAE, DUORHREE i M T4

def partial_difference_quotient(f, v, i1, h):
"""compute the ith partial difference quotient of f at v
w=[v_j+ (hif j == 1 else 0) # SV U e inh
for j, v_j in enumerate(v)]

min

return (f(w) - f(v)) / h




FEUARIREA 5 75 il S e AR B eR 5

def estimate_gradient(f, v, h=0.00001):
return [partial_difference_quotient(f, v, i, h)
for 1, _ in enumerate(v)]

CEBEMEE MEBEREETERMBR K, WRVvEKES o
estimate_gradient 24 T f 9538 2n N ARV AZS &, WRMREERE
TELEL R, BT R & HiOMG TAE,

8.3 (EH#E

RAESEN, YA vEZR RN, HE sun_of_squares BUE F/Iv, {HANRAJ0IE K A&
ft &, TUAHBREE 5 3 AT A 1D =4t ) s ip 4R B S/ MA . FRATERHBENLR LG 2L, RS
FERY 7 M AV/INE R DR, BRI /D
def step(v, direction, step_size):
"""move step_size in the direction from v"""

return [v_1i + step_size * direction_1
for v_1i, direction_i in zip(v, direction)]

def sum_of_squares_gradient(v):
return [2 * v_1 for v_1 in V]

# R BEHLRAA(E

v = [random.randint(-10,10) for 1 in range(3)]

tolerance = 0.0000001

while True:
gradient = sum_of_squares_gradient(v) # B VUL
next_v = step(v, gradient, -0.01) # B
if distance(next_v, v) < tolerance: # RS T ks L
break
v = next_v # R A ks

s U bR, REEI, BEkl T ER L [0,0,0] B v {H, tolerance {HiX
SERRER/N, v EEEIT [0,0,0],

8.4 EFIEFHITIK

RS I R RIS S 2 LG8 T, (BRsshZ b AW T, sk b, dHadnd
KEGERMAERE, BRI 56

o EHEESK

o B EHE BB N K

A

90 | #sE



o el oMU BARER I ERE R A GRS K

RIE—MIER LR, (HEeitRERNRER, FATTUZR—R5P K, FFkh
El A bR B 5/ NI ARAS 2K SR T (U -

step_sizes = [100, 10, 1, 0.1, 0.01, 0.001, 0.0001, 0.00001]

%i‘ﬁiﬁ—fﬁé%?ﬁﬁu%&%?ﬂ\%i& FLA, FA1575 2 0 — A0 T A EDR [ EBR (A
(B AR AN S B A AT bR B die/MEL) B “e BT BRI

def safe(f):
"""return a new function that's the same as f,
except that it outputs infinity whenever f produces an error
def safe_f(*args, **kwargs):

i

try:
return f(*args, **kwargs)
except:
return float('inf') # = EREPythond fy“TCIRIA”

return safe_f

E;.ES éa N

WS, BAA L target_fn g%, FEMHA TR/, A B EE R %L gradient_
fn, Lbdn, ER%C target_fn AREACRBIUIIIRE, BB HBI RS, R REFEIAIGE
{EFRZERATRE/ DS KL

BEAN, (RIFRAT (ARG ) AZHL theta 0 g T HEAKIAARIE, AR AT T {# 4R
JE T W

def minimize_batch(target_fn, gradient_fn, theta_0, tolerance=0.000001):
"""yse gradient descent to find theta that minimizes target function

mwn

step_sizes = [100, 10, 1, 0.1, 0.01, 0.001, 0.0001, 0.00001]

theta = theta_0 # & theta h widA{A
target_fn = safe(target_fn) # target_fnfly& 2k
value = target_fn(theta) # AT E e/ MEIE
while True:

gradient = gradient_fn(theta)
next_thetas = [step(theta, gradient, -step_size)
for step_size in step_sizes]

# PR ZE R RO N A
next_theta = min(next_thetas, key=target_fn)
next_value = target_fn(next_theta)

# NS Ik

if abs(value - next_value) < tolerance:




return theta
else:
theta, value = next_theta, next_value

FKATFREA mininize_batch, KIAER—PH LIRS , EHMIBRENLEE (B
target_fn OB HAREAIRE) . (£ T Mo, RIS D%, —RIEIE
—AEE R

AR, FRMFER KEA RS, X HEER/ MU A R U CHE RZAES B B4 St
T -

def negate(f):
"""return a function that for any input x returns -f(x)"""
return lambda *args, **kwargs: -f(*args, **kwargs)

def negate_all(f):
"""the same when f returns a list of numbers"""
return lambda *args, **kwargs: [-y for y in f(*args, **kwargs)]

def maximize_batch(target_fn, gradient_fn, theta_0, tolerance=0.000001):
return minimize_batch(negate(target_fn),
negate_all(gradient_fn),
theta_o,
tolerance)

8.6 PEHEE TP

EnZ Rt BIRY, T TH & FHEL B TRy 8, #ad i/ MEIERIE R 2 G i &
Bro RAER 2 RTRIHEALFR T s, A B T R D S T AT T I T B A PR R
B, X (d g — AR R T AR TR,

BUAE, XUE5k e s W HAT T etk (additive) , BB BABAEGE R IITIIGER ZE 16 4 2
BB SRR E Z A

EXFMEIE T, Tefi %m0 H —FFR 4 A B F i (stochastic gradient descent) AYH%
A, BEBRME A SOEE GEmars—%), XMHESREER, BEIEHE—4
(A=

FEA R, BTSN RS b R — RN SE A

def in_random_order(data):
"""geperator that returns the elements of data in random order"""
indexes = [1 for i, _ in enumerate(data)] # A kZ5|4F%
random.shuffle(indexes) # BENLITELE R
for 1 in indexes: # 3R B A R
yield data[i]




MDA B RS AT P TR X RO R XA AT RERE, B UF & fE A
/MEMRE — BB T2, BrLL, s bk asol, BRI RZGR I .

def minimize_stochastic(target_fn, gradient_fn, x, y, theta_0, alpha_0=0.01):

data = zip(x, vy)

theta = theta_0 # FAATE S

alpha = alpha_0 # WiaPK
min_theta, min_value = None, float("inf") # 1z4 A 110H/ME
iterations_with_no_1improvement = 0

# AROESE I 1000k (5 oot , 51k
while iterations_with_no_improvement < 100:
value = sum( target_fn(x_i, y_1i, theta) for x_i, y_i in data )

if value < min_value:
# ARERBHTI B ME, 10 B
# IR BB EPLP K
min_theta, min_value = theta, value
iterations_with_no_improvement = 0
alpha = alpha_0

else:
# SR NP, BN ot
iterations_with_no_improvement += 1
alpha *= 0.9

# (R BAE A RS T AT — 2
for x_1, y_1 in in_random_order(data):
gradient_i = gradient_fn(x_i, y_1, theta)
theta = vector_subtract(theta, scalar_multiply(alpha, gradient_i))

return min_theta
FEMLICE & O PR RIR 2. 245K, Tl M A AR B RALRVES 3R

def maximize_stochastic(target_fn, gradient_fn, x, y, theta_0, alpha_0=0.01):
return minimize_stochastic(negate(target_fn),
negate_all(gradient_fn),
X, y, theta_0, alpha_0)

8.7 EHFES

o AREME TR, TR HEREE TR AR A BRI o SRR IR 2 (A,

o WCRARSHEREVRBIRE , FRIZIRFVRIE T o 24T, IXIRIEFF VR A Active Caleulus (hitp://
scholarworks.gvsu.edu/books/10/) , “BALLF L Feidiid FIAE (T R 5y b ARSI —2E

o scikit-learn 5 —/FEHLES EE T BEAH: (http:/scikit-learn.org/stable/modules/sgd.html), ‘&
FERLE T PR LR GESE , et — e mE R R4, F8 b, fERSSHRIIRS
$etpsoh, REPSHEE, ERRRAEAR CETE s BRI FRREE T, AR 4
A (BASFEA R GEIE R TIE T, 28R, XAAEE).




BT

RN IR

BEABERT =AAGEE; WERAT =04 RRESTOHE, UAT ARG %,
—F. WiAta - EE KIS

hTRA—2BAEFFER, (REESEE. S5k, EABIEF AR, IRatblRk—moht
AR AREL, (BN . LR, RETTLLA A ASdE (308 mTLALLIRIY B T2k
o), AHE R X AR LR SR ], A FEFRATIRAE I Python SRIUEE -1 2 IE #ks X
AR TT 18

9.1 stdinfAstdout

ARAE A 4471517 Python ]I4S, fRATLAH sys.stdin fll sys.stdout UL (pipe) Fiif%
BEE ., Bilan, ARSI TIRASCR, RER HA—AN IENZGR T B AT

# egrep.py
import sys, re

# sys.argviEm A TS HINYIER

# sys.argv[0 &R H AT

# sys.argv[ 115 /E A 1T LR E M IEN R
regex = sys.argv[1]

# KL B X A IAS R B — AT
for line in sys.stdin:

# AR BT RN ZGAT, MR =5 Astdout
if re.search(regex, line):
sys.stdout.write(line)
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SRJERPWC BN AT T B THEEE R

# line_count.py
import sys

count = 0
for line in sys.stdin:
count += 1

# A sys.stdout
print count

PRAT AR X FR 5 Bk ot b A 2 A7 54505 . £ Windows W, FRWTLIH :
type SomeFile.txt | python egrep.py "[0-9]" | python line_count.py
IMfE Unix 25, fRAlLAH:

cat SomeFile.txt | python egrep.py "[0-9]" | python line_count.py

N BRARANEETN, EESE AL GRS A D a AT AT

CAE FTX R 5 P06 0 B T Ba AL BE 47

type SomeFile.txt | egrep.py "[0-9]" | line_count.py

WERVR Unix REE, X ABIREATRE L M—LEHsM TR,

KM, TR A AT T SR A AR IR T R A

# most_common_words.py
import sys
from collections import Counter

# (B AR EE AR — 28
try:
num_words = int(sys.argv[1])
except:
print "usage: most_common_words.py num_words"

sys.exit(1)  # EEMexitRADFE A HHR

counter = Counter(word.lower() # /NE PR
for line in sys.stdin
for word in line.strip().split() # FAZSH& KI5
if word) # ki =iy 'words'

for word, count in counter.most_common(num_words):
sys.stdout.write(str(count))
sys.stdout.write("\t")

ARARE AR Windows, FRATEAEX {74 4 h K 4w BT & &1 python fi5y .

REUEHR
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sys.stdout.write(word)
sys.stdout.write("\n")

ZIE VR AT LA 2 28 SCAE X AN A «

C:\DataScience>type the_bible.txt | python most_common_words.py 10

64193 the
51380 and
34753 of
13643 to
12799 that
12560 in
10263 he
9840 shall
8987 unto
8836 for

WRIREA Unix Gife 2T, MARRARABAZEFLNENGLITTA
(Ebtnegrep), {HIRE CMEIFMHEIEIXE THAVFELF 2, 558, HIF
IR WIS JnE AR .

9.2 EEXXH

ATLAE A AR5 B 3, ] Python 4B ST EH R fE

9.2.1 A {HFEM
RCPRSCA AU EE — 2 A& 1t open iy A SR AREL—A> TAF 3+ % .

#'r' EbRE Rk
file_for_reading = open('reading_file.txt', 'r')

# W' RS AR TR !

file_for_writing = open('writing_file.txt', 'w')

#'a' BRI IMAZISCHRIR R
file_for_appending = open('appending_file.txt', 'a')

# SRR RIS T e 3

file_for_writing.close()

DR 2 5 IR RIS, FRUARIAZAE with B F S BARVESCH:, X PR, AL SO
B H B
with open(filename,'r') as f:

data = function_that_gets_data_from(f)

# JLi, FEZ2SCH T, IR E &

9% | FoE



process(data)
AR TR ER I AN S SCAR SO, ATUAE A for T AR SCHRRIFTEf Tk AR
starts_with_hash = 0

with open('input.txt','r') as f:
for line in file: # B R 1T
if re.match(""#",line): # FIENZFRACHMT B &L # F 2k
starts_with_hash += 1 # #n&R, 5o
Wi B A BIN i —7 & ATRE AR IR, FRDATE M AR AT RR IR 2 B 2 2 A
strip() RiFEATALEE ,

filan, BiEEA—4 S eI ak sk, Athhk—17, RAEFIHIXA SO K
WA E T B E R B A LA Se i (ana HL R ZRF1FR, hitps:/publicsuffix.
org/), {H—A4FHIE(L 5 % REUH L Fib R bk b @ SR sr . (6 TR joel @mail.
datasciencester.com XAEAIB AL, S HEHRNEZE,)

def get_domain(email_address):
"""split on '@' and return the last piece"""
return email_address.lower().split("@")[-1]

with open('email_addresses.txt', 'r') as f:
domain_counts = Counter(get_domain(line.strip())
for line in f
if "@" in line)

9.2.2 [R&IFTHE

FA TR RN AL B A R A e -l ik Sk 4347 R — ik, % WAE U IR S P —
TR S L HABR SO, SXRPSC @ 2 HiE 5 o2l 5k tab 521, B—1TA L7,
HiE5 (8itab) KFR—AFEMIEFMN D — 7B,

XIFARERERT, BTEPWAIES. tab FIH TR GX A2 RA ol 8 ZAEAY ),
FAXARE, JLPERSLH— R IR A 2R AT e, M, (REIZER
Python [ csv #ible (¢34 pandas &), TR IT I (FRATEARSHRAINTTR ) AUH AR,
PRI IZEE B A b AR r 80w ZJE R 3R EE csv 32 (WL Stack Overflow,
http://stackoverflow.com/questions/4249185/using-python-to-append-csv-files)

RSB RIS (R E RATRERE AT 1EA—NPIER, R AR HBROTE VR 2 il
g—Aett2), PRATLAER csv.reader XHMTHATIEMN, TR HALELBUA 24 3 57 Y
FlE.

Bilan, AnRAEXFE—AH tab K55 OB SN AR L -
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6/20/2014 AAPL  90.91
6/20/2014 MSFT  41.68
6/20/2014 FB 64.5
6/19/2014 AAPL  91.86
6/19/2014 MSFT  41.51
6/19/2014 FB 64.34

FATRT LU T 1 AR P B R A B
import csv

with open('tab_delimited_stock_prices.txt', 'rb') as f:
reader = csv.reader(f, delimiter="\t')
for row in reader:
date = row[0]
symbol = row[1]
closing_price = float(row[2])
process(date, symbol, closing_price)

AR SRR -

date:symbol:closing_price
6/20/2014:AAPL:90.91
6/20/2014:MSFT:41.68
6/20/2014:FB:64.5

VREE AT AR Sk AT (FIFH*T read.next() B#I4RTAH) v LI H csv.DictReader 4
BT T (JEREE AT .
with open('colon_delimited_stock_prices.txt', 'rb') as f:
reader = csv.DictReader(f, delimiter=':")
for row in reader:
date = row["date"]
symbol = row["symbol"]
closing_price = float(row["closing_price"])
process(date, symbol, closing_price)

B R SO /DK, RAT T ol it #8568 1 A SCIH 44 2 5 (% K fd ] DictReader,
[FIFE, PRATLA csv.writer Sk 5 PRI SCH:
today_prices = { 'AAPL' : 90.91, 'MSFT' : 41.68, 'FB' : 64.5 }
with open('comma_delimited_stock_prices.txt','wb') as f:
writer = csv.writer(f, delimiter=',')

for stock, price in today_prices.items():
writer.writerow([stock, price])

MRATH & FBRAF B EIE S, csv.writer ILLERALEE, HIRE T30S AR AT
REAZIERACEE, Eban, AnRIRZIRIX AR

results = [["test1", "success", "Monday"],




["test2", "success, kind of", "Tuesday"],
["test3", "failure, kind of", "Wednesday"],
["test4", "failure, utter", "Thursday"]]

# ANEX LMY
with open('bad_csv.txt', 'wb') as f:
for row in results:
f.write(",".join(map(str, row))) # AIHEME T KZLIE S|
f.write("\n") # fTHZ‘THE #47!

PRI XFEUR T AR —A csv X

testl,success,Monday
test2,success, kind of,Tuesday
test3,failure, kind of,Wednesday
test4,failure, utter,Thursday

BENRER TR EMRSE

9.3 MZEHMEY

T TR BB (1 75 2 IR TTIRER A . BRI — /N T8 5, AT _EJRICE &
MRS B A LTS T .

9.3.1 HTMLFNfEr A&
%% LI BUA R 1 HTML S, 3ohscAchl (EARILH) ARiChCsmen ImE:

<html>
<head>
<title>A web page</title>
</head>
<body>
<p id="author">Joel Grus</p>
<p id="subject"sData Science</p>
</body>
</html>

PESARMRE L, BEATO B0 Bl 15 (MR SURRIL, Bl TR LA P 2 DL R AOAL
AL P L0 I subect 1 <p» SLETHIB I LHT @A A, (LERTMIILR .
HTML H 7 G A RAFORE 2, T BATERR T o S0k B AN TG 2 L,
FE—LEHY,

2 T HTML B 75 2 $85, 3% A7 55 2 A BeatifulSoup & (http://www.crummy.com/
software/BeautifulSoup/) , ‘BX} K [ WITTHY 2 Foc S dar T E, it TR n R
RIENT. ABEIER, HHiRMASE Beatiful Soup 4.3.2 (pip install beautifulsoup4),
FATRLRE B it X AN AR . Fe(ITHL4 FH 3 requests £ (pip install requests, hittp://
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docs.python-requests.org/en/latest/), ‘&5 N & 1E Python A Hofth /5 i AHEL, & —Fh ki
HTTP {FRATEAFRY T35,

Python [N & [ HTML fifidT % 2 A M2k, X B E BIEA B REALEL AR Lo % A AR 4T M
AR HTML, K, FRMIF 500 B Ah—Fhiibr et , e,

pip install html5lib

T {#i FHl Beatiful Soup, F&fi1E4—2 HTML {43645 BeautifulSoup() BA %k, 7EFRAIAY G
F-rb, X2 HTML &%} requests.get 471 SR .

from bs4 import BeautifulSoup

import requests

html = requests.get("http://www.example.com").text
soup = BeautifulSoup(html, 'html51lib"')

TEBOXA A ZJ5, AT LA — L0 LAY T3 iE R 2 58 £ IR .
T H MNP —LE Tag X5, BT TR T HTML W RIZSHHIBRZE R
tean, REREEMIIE —A~ <p> i (REANA) -
first_paragraph = soup.find('p') # B {Lsoup.p
RILAXT Tag ff FH BN text JEMERIGHISTA N2 -

first_paragraph_text = soup.p.text
first_paragraph_words = soup.p.text.split()

O AT AR 24 (5 SR R O SRk «

first_paragraph_id = soup.p['id'] # R d " MIHR HKeyError
first_paragraph_id2 = soup.p.get('id') # #ndtyA 'id' N [@|None

LA IR 15 2 A hrR %

all_paragraphs = soup.find_all('p"') # B Xsoup('p")
paragraphs_with_ids = [p for p in soup('p') if p.get('id')]

Rl — A2k (class) RIFINRE

important_paragraphs = soup('p', {'class' : 'important'})
important_paragraphs2 = soup('p', 'important')
important_paragraphs3 = [p for p in soup('p')

if 'important' in p.get('class', [])]

BEAb, AICAEIX S5 a4 At kis o B 20 i0iZ 4, bhan, andi 84k A& e —AS <divs
TCEH A <span> 0, ATLLX A

100 | 2$¢9E



# ML L UGR El[R— 4 spant

# AR e T2 A dvnR R

# AR X MG DL, SR ALk

spans_1inside_divs = [span
for div in soup('div') # X B <divs
for span in div('span')] # ¥kF|H A Ay —  <span>

(BB J LAtk T AR B AT IR 2 3. AR IRFEEMOE i3t (SUUGE T
4far), AR AEESCRE,

LK, KL EEENE, WH A XFRICHK class="inportant", R 24T 4l A2 IR
HTML, it fREFAERETHERL, IF2 580 S IOk TR BR A IE . TR 3K
&=l

9.3.2 ZEfl: XFHEMNO ReillyEH

DataSciencester [ R0 AE 3078 B IN A EHE & KUBE—t. 4 TIERAMb S, (RITHA
F— T O’Reilly HHhfuax Se47 % SL H iRk 2 /D BRI B A5, @il 6 O'Reilly M54
W, RERICAHT LA FREAREE (LIRMH) MTm, 4k 30 44 B E & A X
FEM URL:

http://shop.oreilly.com/category/browse-subjects/data.do?
sortby=publicationDate&page=1

A% (i B ARLE A CRUREBEE) , PTEME SR MG R 2 i i% A
— PR M A SRR . AL T Ui

http://oreilly.com/terms/

BRI XA HE BEA ARk, B T — Ak AR, OB IZER—T
robots.txt 3C{, FHHE 1 MEINEE 22 EFEIIAT ARG, http://shop.oreilly.com/robots.txt
AU HEZENE

Crawl-delay: 30
Request-rate: 1/30

BT IR FAMTBLZAE PR TE R Z M55 30 70, 58 A7 U 3di 14 30 # A BRI R —/~ 1T
Thio FTLAMARAS b3t P47 U R [l — o, (SO IR A —2E N A UL WA 28 B o 1T
REARENURET, (HAZ TR0 URL AEH A, BrEAFRATATLURLO T )

O’Reilly J& A7 Al RERR FELE R G BO AR, ABFESAT A/ NI 2 5], 3.
SRBPTREVIPT X G LAY & A2, 2458, F&*F O'Reilly FF %A K KA
3o BRI, ARORTTAE N R S A INRIY A S — A X ARG -
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h T FEEIZEAR IR, LRI N B — AR, AEE%4 Beatiful Soup:

# BRAER B A5 L, W PRE L ZX AR 5 —url

url = "http://shop.oreilly.com/category/browse-subjects/" + \
"data.do?sortby=publicationDate&page=1"

soup = BeautifulSoup(requests.get(url).text, 'html5lib')

AR PR R A AR RS (FERIE e oA s e A RIRARD" & A7 M TTEARD”,
S BARULRET) , KA (SR HE— b fE— A A% HLITHE T
 <td> 1, BRYZGE thumbtext, FHIAIAARIEAFAICH HTML (—/MIMERATRA)

<td class="thumbtext"s
<div class="thumbcontainer"s
<div class="thumbdiv">
<a href="/product/9781118903407.do">
<img src="..."/>
</a>
</div>
</div>
<div class="widthchange">
<div class="thumbheader"s>
<a href="/product/9781118903407.do">Getting a Big Data Job For Dummies</a>

</div>
<div class="AuthorName">By Jason Williamson</div>
<span class="directorydate"s December 2014 </span>

<div style="clear:both;">
<div 1d="146350">
<span class="pricelabel"s
Ebook:

<span class="price">&nbsp;$29.99</span>
</span>
</div>
</div>
</div>
</td>

RAFHIF U AR EI A Y td thumbtext PRI :

tds = soup('td', 'thumbtext')
print len(tds)
# 30

B R AT AR AT . IS AE BB O R, ) ARt — P G A
HTML, &F#EN td Z0E A £ 4230 pricelabel ) span jtE, B XAE
AR Ebook: B video: B Print:, FHle RN E S —A> pricelabel, BHICALL
Video (FERSBRATSZMZIR) Tk, XEMRETATAT LUK FEAAS MRS .

def is_video(td):

"""{t's a video 1f it has exactly one pricelabel, and if
the stripped text inside that pricelabel starts with 'Video

rmnn

s =2
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pricelabels = td('span', 'pricelabel')
return (len(pricelabels) == 1 and
pricelabels[0].text.strip().startswith("Video"))

print len([td for td in tds if not is_video(td)])

# PR UA AR 21, (R BIES R AT RES AR
AR FRATC e £ 4F 22N td JC R R R BUELHE T R R B 5 B bR 2 AL & 7R <div
class="thumbheader"> HJ$1% <a> FHI A .

title = td.find("div", "thumbheader").a.text

fE#& (1) WA FAE AuthorName <div> BUSCAR, ‘BTH—4 By (HIHTHEIEMHE) F
3k, HIZ 5o (FAHTHEACN oI, REERHLPZER)

author_name = td.find('div', 'AuthorName').text

authors = [x.strip() for x in re.sub("~By ", "", author_name).split(",")]

ISBN FE k24 & {E thumbheader <divs> Hrfh4tds: H .
isbn_link = td.find("div", "thumbheader").a.get("href")

# re.matchdififld 7455 IENIZGRAHS 5>
isbn = re.match("/product/(.*)\.do", isbn_link).group(1)

H #5k & <span class="directorydate"> FJINZ :
date = td.find("span", "directorydate").text.strip()
LEBATHE T A X e — A pR B

def book_info(td):
"""given a BeautifulSoup <td> Tag representing a book,
extract the book's details and return a dict"""

title = td.find("div", "thumbheader").a.text

by_author = td.find('div', 'AuthorName').text

authors = [x.strip() for x in re.sub("~By ", "", by author).split(",")]
isbn_link = td.find("div", "thumbheader").a.get("href")

isbn = re.match("/product/(.*)\.do", isbn_link).groups()[0]

date = td.find("span", "directorydate").text.strip()

return {
"title" : title,
"authors" : authors,
"isbn" : 1isbn,
"date" : date

}

DUAERA A 4 BEATHUR T
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from bs4 import BeautifulSoup

import requests

from time import sleep

base_url = "http://shop.oreilly.com/category/browse-subjects/" + \
"data.do?sortby=publicationDate&page="

books = []

NUM_PAGES = 31 # X BIEARBIIE, BERREE £

for page_num in range(1, NUM_PAGES + 1):
print "souping page", page_num, ",", len(books), " found so far"
url = base_url + str(page_num)

soup = BeautifulSoup(requests.get(url).text, 'html5lib')

for td in soup('td', 'thumbtext'):
if not is_video(td):
books.append(book_1info(td))

# BUIEM— AR, 5T robots . txt]
sleep(30)

RIXHEN HTML A BB S (o — Pl Z A AR EdR R . BR T 61
ZHh, PRERTLIN HTML i SE a5 A AR S5 T 2 DU E

BEAR DR SAT T8, BUAERE AT LAME S — 4 R P 5 8RR (4nl&l 9-1)

def get_year(book):
"""book[ "date"] looks like 'November 2014' so we need to
split on the space and then take the second piece"""
return int(book["date"].split()[1])

# 20140 BRI iR e — A e BV AR Oy (Foz 73X BB A a) )
year_counts = Counter(get_year(book) for book in books
if get_year(book) <= 2014)

import matplotlib.pyplot as plt

years = sorted(year_counts)

book_counts = [year_counts[year] for year in years]
plt.plot(years, book_counts)
plt.ylabel("4if & 5% =")

ple.title("BE R kR ")

plt.show()
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200 iﬁzﬂ?kk%'

150 -

KR E R
g

50 -

0 I I I I I I I
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

B 9-1: BEAEEBNLIRYE
ANFEHE, AR R BX KB G WS 2013 482 "B RATGHE ",

9.4 {ERAAPI

- 2 Ak 0 R 285 Il 55 42 L AH B2 2 FRR 742 0 (Application Programming Interface, API),
TV VR BRI SR EE ARG R EHRE . XA E T IR AR F R |

9.4.1 JSON (FAXML)

Kl A HTTP & —Fhi 4 ST ARIIHIL, frilit Mg APLiE RIS % /710 (serialized)
M2 4 O 7 7 B R X, R X D R AT fE fF H JavaScript X 42 £F 5 (JavaScript Object
Notation, JSON), JavaScript % FAZ N Python )8R %, (EHFFFRERAIEERS
i -

{ "title" : "Data Science Book",
"author" : "Joel Grus",
"publicationYear" : 2014,
"topics" : [ "data", "science", "data science"] }
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FATATLA(E FH Python [19 json #EHR fi#dT ISON, JoHE, TS MR ERY loads %L, X
AR BCTLAE /-3 ISON XA 7778 & $ 4740 (deserialize) A Python %142

import json

serialized = """{ "title" : "Data Science Book",
"author" : "Joel Grus",
"publicationYear" : 2014,
"topics" : [ "data", "scilence", "data science"] }"""

# fiEfr ISONLA Bl — /Py thon 7 it

deserialized = json.loads(serialized)

if "data scilence" in deserialized["topics"]:
print deserialized

Ak APT AR BEF Al RES AT, R TR it XML AR LY. -

<Book>
<Title>Data Science Book</Title>
<Author>Joel Grus</Author>
<PublicationYear>2014</PublicationYear>
<Topics>
<Topic>data</Topic>
<Topic>science</Topic>
<Topic>data science</Topic>
</Topics>
</Book>
FATHL AT LA BN HTML sREREHE 19 752, H BeautifulSoup M XML H gk S R £

S T A B SR

9.4.2 {ERELISIERIAPI

BUAE K 2 B0 APL B2 R ORFE L 2 RSB 00TE & By it 45 BT AS SR S 8 ) L it 3 b ik
%, APL &4 HVF 2 HAb PR IRIIE SR B S AT Y, BRIk, S83RF— T GitHub J API
(https://developer.github.com/v3/) , Fll FHEHATTAT LA LL 8 B TC TR 38 IR 15 -

import requests, json
endpoint = "https://api.github.com/users/joelgrus/repos"

repos = json.loads(requests.get(endpoint).text)

HAb repos s —A> Python 8L 5%, Hhd— />R RIAY GitHub Ik Fg—A L
B %, (PTUABE B R s R P 4, LBV PRI RS & JE 8 PE . RA GitHub Ik
=, XE? )

XSGR AETE WA H W — s — K e R A R s, ME— ()R, iy FRL Y
H#& (Unicode) F4FH

u'created_at': u'2013-07-05T02:02:28Z'
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Python A< By A IRBEKHY FLUGIRAT 25, FTLATRATRG 22—

pip install python-dateutil
HraEgfynfe H 2 dateutil.parser.parse H%:

from dateutil.parser import parse

dates = [parse(repo["created_at"]) for repo in repos]
month_counts = Counter(date.month for date in dates)
weekday_counts = Counter(date.weekday() for date in dates)

R, RATEASREGE B e AR B R T VTR &

last_5_repositories = sorted(repos,
key=lambda r: r["created_at"],
reverse=True)[:5]

last_5_languages = [repo["language"]
for repo in last_5_repositories]

W ATCTAE M iRk B A SRR X R Rk - 6ER APL, £ A Python )
bz —ROBA N T, 5 IRTIR RSB L PR A APL, X Le/ ] DIHE S

fichr, APRE T APLUjRIEIE 2 SO (AR X 2 A REIRAF M 52 AR 55
SE IR & X L) APL CLARAIRRA, ARk e 28 Rt R B BIRRAR )

RUEnk, /RIS FERIERA O APLRE (8, EH LY, KIERIAAHE
IEFIERVERI ) . FTLA T fif—LE AT AR A ALY .

9.4.3 FiKAPI

AR ARTT EE— AR E SRS, WA R BRIIF R &5 80 APLE S B4, SRIGLAG
Hid] “python__api” fEMIZE FHZ2HAR AU, Python A —7> Rotten Tomatoes [J%, Python
WAL Klout, Yelp., IMDB 26(9% /1~ API £,

MRAVRAEAF A Python E2ERHY API 71|13, W] 224 Python API (http://www.pythonapi.com/)
F1 Python for Beginners (http://www.pythonforbeginners.com/development/list-of-python-apis/)
A %

AR RIS — 1 SE TEIZ B2 APL &5k (AN — 2 & Python $1%¢), Programmable
Web (http://www.programmableweb.com/) &N 4FIBEIR, BA —/~ KT 4043/ APLIY
L

IR ZOR A B IRTFER APL, 02 o] DLB I IUBGRAFHY . XA B B K e 1Y
éﬁﬁﬁo
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9.5 ZFfHl: {ERTwitter API

Twitter f&— N EF VBRI (RATDONER RIS AE e, mT DA Sk BE ot 2 i i
FIBCRL, ATUARI 4B 5 T8 G R BEtE . (8 Twitter n] ABULPAE A FRAEAEF
Hoge, HEIREEARITERVEEE. Al Lo ERY AP R sk EdE.

ST F0 Twitter APT .3, FI155%# F Twython 7 (pip install twython, https://github.
com/ryanmcgrath/twython), =Zbr 45 fR % Python Twitter F9)%, {HiX — />4 & FH it 19 %
BAFRR—A Rl DASER— AR 2

FREIE BA 3 4

23 T Twitter Y API, T30 3REC— Lo UF A SCf: CHBLRTEE ANl #R 5 A — 4> Twitter
B P, X FEVRBRRER A — MG IR A 4P Twitter #datascience #HX HI—#4> ). MG IBLE
BB BARRES HII BG4 4 8, BOISIEEAMZIE b, (R BLIEE & fe k44— Bt
FRITEHR, RAEEREERBIXBEERE, eMEbeaEEid kT, FLUBR
itz )

1. #EF5E4% https://apps.twitter.com/,

2. ARUREEAATEM, A TR, I AUREY Twitter F 2R

3. mah “GIESH App”.

4. HeRAN 2T (b “BaRFbE”) FRlm—2edih, i E—A &R URL 1E4 Mk
(AT ) .

R MRS 45T Had “gl”,

BN HEHEL (consumer key) FHiHFe# %% (consumer secret) ,

sk “EUEEFRAIT R4 (access token)

B ) A AN iR A il (VR vl Ress 2T DU ) .

{H B PIREATH e AR & U Twitter 2 B FIEAE TR ERY APL, 1 iifa] 4 R T ) 4 it
I Twitter & 7B IEAE T R B APL, ARRPRE 22 Twitter M T )i — SE 1At W,
“RAERIET TUE SR AT R A R, IRk 2 FEX A4 bk & 1k Twitter TRl 2R (3¢
HERDRAK B IRIIERIE) . BOAATEZF LR BZhEe, IATTLAZR A&
Az SRR T ] A RERT 5 (1) 4 b L

® N oW

M8 PIRE 1 B R AN R] 4 RPIRE / B %R B2 B (password) . 7
ANz EEl], NZATENEESE, WA R IZEENILR/E GitHub 233k
B EERL, —FhiR] SR 75 AT BT A2 A 2 9 % A Y credentials json 3C
= {RHL, M H eTEAREA] Json. loads H [ E((1,
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{# B Twython

B A1k FEF Search API (https://dev.twitter.com/docs/api/1.1/get/search/tweets) , X ~15
TE R T EH T Z PR E, TN A M 251 .

from twython import Twython

twitter = Twython(CONSUMER_KEY, CONSUMER_SECRET)

# PR ORI B R AHE S

for status in twitter.search(q='"data science"')["statuses"]:

user
text

= status["user"]["screen_name"].encode('utf-8')
= status["text"].encode('utf-8')

print user, ":", text
print

WARIRIBITIX

B A4 Se 28 8 print BB AL PR AY Unicode 4, FTLAE L ZEfH
FH .encode("utf-8") SRR iX /R, (A0RFHXA RIS EAE, RAE T
HE£: 752 UnicodeEncodeError HU$REE . )

JUPRLEE, RETEEAR R R MRl A JFE R 5L 2e i %58 2 7™ E 1Y Unicode
M, XIHRFESEZS 2% Python C£Y (https://docs.python.org/2/howto/unicode.
html) B3 4 4 HoE b - 440F F Python 3 P, [k B2 RE W 47 HbALFE Unicode
A,

B, S5 — SRR -

haithemnyc: Data scientists with the technical savvy &amp; analytical chops to
derive meaning from big data are in demand. http://t.co/HsF9Q0dShP

RPubsRecent: Data Science http://t.co/6hcHUz2PHM

spleonardl: Using #dplyr in #R to work through a procrastinated assignment for
@rdpeng in @coursera data science specialization. So easy and Awesome.

KA AR, RRFEE LR Twitter Search API R R B R EIN RIS R,

e

WNEA 2 40, (X THEIERETE, @ RHEERERESC, X, Streaming API
(https://dev.twitter.com/streaming/reference/get/statuses/sample) k& A2 T, BAREFR
HEHEF 9K Y Twitter firehose 43 H (A —/ANHEAS) . IRFFZEEE UG ] & MEEATIRIE, A W]
LAfEFIX A APL

T H Twython 1jj[A] Streaming API, F537E L —/> M TwythonStreamer ZK 125, FHix
A2 on_success B (HARMLATHEAE FH 21 on_error kB E) -

from twython import TwythonStreamer

# JEBARTR NS 2 R 2o — R E 2R E K

REUEUE |
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# ARSI A Bl 5 1R
tweets = []

class MyStreamer(TwythonStreamer):
"""our own subclass of TwythonStreamer that specifies
how to interact with the stream"""

def on_success(self, data):
"""what do we do when twitter sends us data?
here data will be a Python dict representing a tweet"""

# GRS se e

if data['lang'] == 'en':
tweets.append(data)
print "received tweet #", len(tweets)

# M T A5 2 e SRt I
if len(tweets) >= 1000:
self.disconnect()

def on_error(self, status_code, data):
print status_code, data
self.disconnect()

MyStreamer 2% 1% # Fl| Twitter {7t -2 £ Twitter 258 R % K HE ., BHKE 55 (f£X
B, — 54 SCRIRA A Python X452 ) % b 2 on_success Jj ik, AnRAfE SO B SCHY,
XA T IESACHE S InF] tweets FlIF, EWCEES] 1000 S 4ESCE S W FNRRTESE
FITH LIRS WAL R 8Bt T T -

stream = MyStreamer (CONSUMER_KEY, CONSUMER_SECRET,
ACCESS_TOKEN, ACCESS_TOKEN_SECRET)

# JFAGHE A & e iin] data ' (D A SRR

stream.statuses.filter(track="data')

# AR TATA  *a Ll A HoR A A

# stream.statuses.sample()
Ba—HiBfT T AERE 1000 5443001 (BERER— R A1E), eI U &
FoMrX e T, bban, VRWTLLRH TINS5 305 5 LR % .

top_hashtags = Counter(hashtag['text'].lower()

for tweet in tweets
for hashtag in tweet["entities"]["hashtags"])

print top_hashtags.most_common(5)

BRMSCREE LR, (RTLLA Q2K — M&FTE, SUTandid Twitter APT [3CAY

(https://dev.twitter.com/overview/api/tweets) ,

s =2
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FE—AIERBIE A, PRATREF AR A A7 B 51 FOR AP i . AR,
VR AT REAMEHESCORAFAE SO SO B e vy, XA sk mT LR A A AT,

9.6 MEHFE

 pandas (http:/pandas.pydata.org/) EEIEFHFEHRLE (FelEFA) Bdary— 3%
0]

 Scrapy (http://scrapy.org/) & —AFrMEE MR, B SRR EE 2R MEIIE, Sk
PATRABR B A BB AT 55
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£10E

MR

T XXM BIE, T AE A BT,
— A - SRR

Bt TARRER ZASGEFE . RTERATHE R 2 R BRI 2 —T, X — R AR
AR

10.1 BRI EE

UHE TP AR, RO T — 2R, RS R EMAR A B LR AR,
B, (REGEHl—T, B, REIZE &R,

10.1.1 IRE—HEIR

B SRR, RERI— R E A NIGE— 455, Ehan, BI1RTLEEAH P
TEPRIIMG_EE3m:RAE TR, AR FHR BRI R R, B & R EE
Bl BB EABAERE B TS,

BB BARRTE LSS BdE. P antr] Re AR il PRI Bt B b A 2 DA B
s, BUMERZ D, RKERZD, FHERZ D, SFREELZ D,

AERAR DA REIRAF OB AR LA LYK, Ao T —Phcdf AT, BIRRE IR B 25 48
EEI X T (bucket) , FFxd i A AN DX A BCHE mEA T AL -

112



def bucketize(point, bucket_size):
"""floor the point to the next lower multiple of bucket_size
return bucket_size * math.floor(point / bucket_size)

nwun

def make_histogram(points, bucket_size):
"""buckets the points and counts how many in each bucket
return Counter(bucketize(point, bucket_size) for point in points)

wun

def plot_histogram(points, bucket_size, title=""):
histogram = make_histogram(points, bucket_size)
plt.bar(histogram.keys(), histogram.values(), width=bucket_size)
plt.title(title)
plt.show()

tean, ZIELCL PRS-
random.seed(0)

# -10051100 7 [A] 32 HhHL
uniform = [200 * random.random() - 100 for _ in range(10000)]

# Y{E A ObRifEZE A ST IE A5 Al
normal = [57 * inverse_normal_cdf(random.random())
for _ in range(10000)]

XA BRI E AL 0, Arife 28 58 , (H BN MAER AF. & 10-1 EoR
T A

s00. | B A5

500

400

300

200

100

0
—-100 =30 0 50 100

10-1: 99NMNELE
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plot_histogram(uniform, 10, "¥4)4 AN E G E")
MMl 10-2 Jeor TIE& A6 :
plot_histogram(normal, 10, "IEASMIE S E")

X R AT A AR AR R E RN R ME ., (B2, UUEE X — A R LA R e o]
ZE5.

800 E&ﬁﬁmﬁﬁ@

700

600 -

500

400

300+

200+

100 |

ol
-300 =200 -100 0 100 200 300

®10-2: ESNHNELS

10.1.2 Z##E
DUAERBIREI B oA i, WVFFERR LM R ZSNER N T B fla: TAREIR. R
IR A ERE TS b R SR R A, (VR RS A B B T/ A R 5 2 Ml

Ebdn, %% T i—PhRdR S

def random_normal():
"""returns a random draw from a standard normal distribution"""
return inverse_normal_cdf(random.random())

xs = [random_normal() for _ in range(1000)]
ysl = [ x + random_normal() / 2 for X in xs]
ys2 = [-x + random_normal() / 2 for X in Xs]
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ARARRT ys1 il ys2 34T plot_histogram F2/F, SREIMRAHLIMAET B (FL b, WAIE
By A EFIbRE ZERBAA ) o

HAEERR A A L, BAERE xs AIRAZEH, & 10-3 Fis:

plt.scatter(xs, ysi, marker='."', color='black', label='ys1')
plt.scatter(xs, ys2, marker='.', color="gray', label='ys2")
plt.xlabel('xs")

plt.ylabel('ys"')

plt.legend(loc=9)

plt.title("ZEHIRKIVEEA >/ ")

plt.show()

ZERIRK I A 50 A

++. ysl
4+ . * . y52 . n

ys

|
~

Xs

10-3: ATABH ys RS
IRIRF G, ZRAAEHYIL.

print correlation(xs, ys1)

0.9
print correlation(xs, ys2) -0.9
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10.1.3 ZHHIE
kT2 YRR, VRATREAE TR & A4S 2 & anfal#H 2y, — AN Rp G S % 534 X 4
% (correlation matrix), ZEFEAEE i 1756 j FIITCEFoRE | 46550 7 4EBABIAE M .

def correlation_matrix(data):

"""returns the num_columns x num_columns matrix whose (i, j)th entry
is the correlation between columns i and j of data"""

_, num_columns = shape(data)

def matrix_entry(i, j):
return correlation(get_column(data, i), get_column(data, j))

return make_matrix(num_columns, num_columns, matrix_entry)

—AEHEMA % (RGEEARZ) REH A REE (K 10-4), DURRECHEULE.,
i3 Ay 4> plt.subplots() WILAA s+ [, Fefilzn it TAT8Cm s %, Bik Il —/> figure Xf
Z(BMAEHBNE) F— axes MR HHH (BHESLH) .

import matplotlib.pyplot as plt

_, num_columns = shape(data)
fig, ax = plt.subplots(num_columns, num_columns)

for 1 in range(num_columns):
for j in range(num_columns):

# xil_Icolumn_3jxty%l F-column_iAyH S
if 1 !'= j: ax[1][j].scatter(get_column(data, j), get_column(data, i))

# HEY 1 == IHERTHIZ

else: ax[i][j].annotate("series " + str(i), (0.5, 0.5),
xycoords="'axes fraction',
ha="center", va="center")

# T BN T 5 240, R E bR
if 1 < num_columns - 1: ax[i][j].xaxis.set_visible(False)
if j > 0: ax[1][j].yaxis.set_visible(False)

# B A T A L ERRD

# R BIRA R, &R
ax[-1][-1].set_xlim(ax[0][-1].get_x1im())
ax[0][0].set_ylim(ax[0][1].get_ylim())

plt.show()

16 | 2 10E



Lo v w
3
&
=5
/.
L]
@
L]
L) (]
L]
..
(TEDTRCE
i co 8 ico:inie o]

20
15
10

sk
-10 |
15

20
15
10 -

5L
—10
-15 -
-20 [~
=25

6

sk

s

T FFH13

s 4

0t CICOAROD - @ccmmane ¢ @ cmm

[ R S Y N S N — | N N IS (N SN D S [ U [ N — S ——— —— —
-4 -3 -2 -1 0 1 2 3 ]3]050510]520 -25-20-15-10-5 0 5 101520 -1 0 1 2 3 4 5 6 7

B 10-4: Bl2E@%er%
W XS ERASE L, A1 5740 0 B TURHR fE E IR, FA0 2 FiFsil 1 I EAH
BERE, B3 EMNA 0 fn6, A 0% 5 2 i/ NIE, 6 %R AR KRHIE.

XA —FRRE L URAS A 52 A KRR S BE B 5 i (B AEVRA T 45 B BN EL AR 2801
AL BN %E matplotlib, XAEEREAPEE 1),

10.2 FEH5EM

HLA SRR AR S FA . R RE e 2 A, PRIl H R SN T — R AL
B, FRATIESE 9 TR L X RGBT EEAC T L A T DA H AT 4 B B o
(float) Ml (int), LART, FRAEME L Z Al 20X A -

closing_price = float(row[2])

H3@ I e 57 AL 4E csv.reader (YRR K, XAEBEATIRITE A A DR IRE, RISV — &
GURERT &, BT & LA UL WA b — Sl An el bt . BT 12300 None FoR “Xhix #1248
AT
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def parse_row(input_row, parsers):
"""given a list of parsers (some of which may be None)
apply the appropriate one to each element of the input_row"""

return [parser(value) if parser is not None else value
for value, parser in zip(input_row, parsers)]

def parse_rows_with(reader, parsers):
"""wrap a reader to apply the parsers to each of its rows"""
for row in reader:
yield parse_row(row, parsers)

WRAD REAEE 2707 —NFRERAGHIERE 8T A1l % 28—/~ None bA
BomAERER AR . BT DA i — /14 By R BOR R D -

def try_or_none(f):
"""wraps f to return None if f raises an exception
assumes f takes only one input"""
def f_or_none(x):
try: return f(x)
except: return None
return f_or_none

SRIGIRATE S parse_row R E:

def parse_row(input_row, parsers):
return [try_or_none(parser)(value) if parser is not None else value
for value, parser in zip(input_row, parsers)]

tean, AneRIRATHIE 50 BRI B EE A A R -

6/20/2014,AAPL,90.91
6/20/2014,MSFT,41.68
6/20/3014,FB,64.5
6/19/2014,AAPL,91.86
6/19/2014,MSFT,n/a
6/19/2014,FB,64.34

FATEUAE AT DAAE— A B 25 TR b R AT -

import dateutil.parser
data = []

with open("comma_delimited_stock_prices.csv", "rb") as f:
reader = csv.reader(f)
for line in parse_rows_with(reader, [dateutil.parser.parse, None, float]):
data.append(line)

SRIGFRAT A TAS A H A None 194745
for row in data:

if any(x is None for X in row):
print row
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RIGHUCE AR BE BT, (8RR, fRA =ANkE: MERE e E A REIR
Sl Bt s BB, AR AR, )

FATRILAM csv.DictReader SIEAR(UATHE By bR, X FERIE, IRIRATREAY AR AL T4 4,
FfFpT -4, fildn.

def try_parse_field(field_name, value, parser_dict):
"""try to parse value using the appropriate function from parser_dict"""
parser = parser_dict.get(field_name) # 4nRAH LS H , NI 4None
if parser is not None:
return try_or_none(parser)(value)
else:
return value

def parse_dict(input_dict, parser_dict):
return { field_name : try_parse_field(field_name, value, parser_dict)
for field_name, value in input_dict.iteritems() }

TR AT A 10.1 1T BT PR B AR SBNIN A A WA S (. e, AR Uk 5%
SO A A BARIN AR 3014 4, XA XA TRIREHE R, (HiX BAAERIRIERE.
RORBEA R, A BRI SR . BSSth IR B B 3 70 R B T an/ VB ik
K. ZRMNE. HENEIRETER A P &AL, FRIBEIREMTTEHE R TIE. (BiF
RAERAVIER AR, HIX TAEXAEIRMA T, )

10.3 #iEAbIE

KRB ER I OHREZ — i R e, SHUVEE PR HAR, Ak —Fh
AR, FrAX I Gl ot — 2R H—
(B FA T ZE AL B 40 T B SR A% -
data = [
{'closing_price': 102.06,
'date': datetime.datetime(2014, 8, 29, 0, 0),
'symbol': 'AAPL'},

# ...
1

FATATCAMME S LR eI A T (IR —5kEH),

MR LB R S W], R R, AT AWETE e B AR, gt
—LE T HUME BRI B A 5 2

Eedn, R348 508 AAPL A £ USRI SR, aTLRRX AN TR R B LA 2D 0%
(1) B EARIRELE AAPL 17 1
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(2) NEATH B 24/ closing_price;
(3) B % H I e K fE max

FRATAT EARE A — AR — IR PR S BX =AU

max_aapl_price = max(row["closing_price"]
for row in data
if row["symbol"] == "AAPL")

B, AT VA B anE Bdn f b i R SR s i . — AN T5TE A TR,

(D) REREREARI (synbol) FRIA1T,
Q) fEmlY, EEZATH T

# 1R AR R T 2

by_symbol = defaultdict(list)

for row in data:
by_symbol[row["symbol"]].append(row)

# (- R AT H BB T SE AR B Y B R
max_price_by_symbol = { symbol : max(row["closing_price"]
for row in grouped_rows)
for symbol, grouped_rows in by_symbol.iteritems() }

A8l FE . ELERAET, BRMFEESED T dict PR KM
closing_price, RIfiHAIATLAGIE —/~ed%e, DANFHLhfEE—AN 7B, OIS —/ |
5, DT 38E & dh B R 2 BE

def picker(field_name):

"""returns a function that picks a field out of a dict
return lambda row: row[field_name]

o

def pluck(field_name, rows):
"""turn a list of dicts into the list of field_name values
return map(picker(field_name), rows)

mnn

FATVEAE T LA S — A A%, ik group sRALIIEE RAC T o0 4, Fak £ vk o A48 i
value_transform BRI %% .

def group_by(grouper, rows, value_transform=None):
# HoR o NG OURYH L (ERA TR AR
grouped = defaultdict(list)
for row in rows:
grouped[grouper(row)].append(row)

if value_transform is None:
return grouped
else:
return { key : value_transform(rows)
for key, rows in grouped.iteritems() }
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XA AR TAT LASE ] S b B SE AT (91 . bban:

max_price_by_symbol = group_by(picker("symbol"),
data,
lambda rows: max(pluck("closing_price", rows)))

BRAETRAT AT A R]—SE 0 A i [m) i, PR AnfETRAI B b, B H & 4 be AR sh iy s R (EFn
/MESBRM 2, H ARSI A RS price_today/price_yesterday - 1 (HIA-RIM
¥ / WERBIOTHE —1) o X B A TA 175 2 FH AN 5 A0 A RIS FIVE R A& IR R ek
— PG B AT S A 4, TR

(1) #2548 HHES 5 5
(2) WL fir 4 zip FrEIEOH A, (RT—KAT, AKH)
(3) BRI M AR AT “F o EZ " 17,

HAMTELS 1 eisl, SR —4H N TAE:

def percent_price_change(yesterday, today):
return today["closing_price"] / yesterday["closing_price"] - 1

def day_over_day_changes(grouped_rows):
# 2 H D THET

ordered = sorted(grouped_rows, key=picker("date"))

# NS H 2 Up BB A BB LR RN RO 2R
return [{ "symbol" : today["symbol"],
"date" : today["date"],
"change" : percent_price_change(yesterday, today) }
for yesterday, today in zip(ordered, ordered[1:])]

SRJEFATATLAKS E1EA value_transform ££ group_by Fr{fE .

# P 2SR, (A2 —A4~"change" T ML FI| 2
changes_by_symbol = group_by(picker("symbol"), data, day_over_day_changes)

# WEEPTA "change" FHUA — /> K AR

all_changes = [change
for changes in changes_by_symbol.values()
for change in changes]

FERXA R L, RSB B R IE S /M

max(all_changes, key=picker("change"))

# {'change': 0.3283582089552237,

# 'date': datetime.datetime(1997, 8, 6, 0, 0),

# 'symbol': 'AAPL'}

# see, e.g. http://news.cnet.com/2100-1001-202143.html
min(all_changes, key=picker("change"))

# {'change': -0.5193370165745856,

# ‘'date': datetime.datetime(2000, 9, 29, 0, 0),
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# 'symbol': 'AAPL'}
# see, e.g. http://money.cnn.com/2000/09/29/markets/techwrap/

DUAEFAT AT LARE X A7) all_changes Bffg Sk Hk B FHE e AU B A By . 15 4% A
e oy s ARG fEmE P R R R,

A TR E — 16241 value_transform (%7, X5 {#H group_by %k .

# A THAE s LA, A T, R B T, R
# Lot R RAVE A +10% FN-20%, EARATMOAS
# (1 + 10%) * (1 - 20%) - 1 =1.1* .8 - 1=-12%
def combine_pct_changes(pct_changel, pct_change2):

return (1 + pct_changel) * (1 + pct_change2) - 1

def overall_change(changes):
return reduce(combine_pct_changes, pluck("change", changes))

overall_change_by month = group_by(lambda row: row['date'].month,
all_changes,
overall_change)

KUK BB 7 A S B E 1S, (B H AU R 5 MR,

10.4 FIEAZE

VP H AL #42 (scale) GOk, bban, RBEHRA M RFEBE 2EAEFHER A & m i
REEIRE, HEFEARAIR/NIRE (cluster),

HW EBE, FATAREIORHIEN A, X ERBE RN s s, imEf
WL A3 25 R B distance, FTLLE SRME, —BhJ5EE R EURRT (height, weight) #1044k
ZER AL, F5 IR 10-1 AR 52

®10-1:. SSHEE

RIIBOE 855 (%) &5 (EX) = (%)
A 63 160 150
B 67 170.2 160
C 70 177.8 171

AR BATTISE TR B i s, B4 B sl HIARSE2 A

a_to_b = distance([63, 150], [67, 160]) # 10.77
a_to_c = distance([63, 150], [70, 171]) # 22.14
b_to_c = distance([67, 160], [70, 171]) # 11.40

fHAg, ARMERIEARAL, A4 B Bl IAREZER T C:
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a_to_b = distance([160, 150], [170.2, 160]) # 14.28
a_to_c = distance([160, 150], [177.8, 171]) # 27.53
b_to_c = distance([170.2, 160], [177.8, 171]) # 13.37

BAER, Rl SR A R R A X AR L, e R A RIRY ., R, R R A 4
JEZ AT, st AT AR TR % (rescale), LMEMREANHEENIIIAEL 0, Frifez
1, X R SOBAEEL T AL AR AR, R AR SI{EARIEE,

HOE, AT IR E bR

def scale(data_matrix):
"""returns the means and standard deviations of each column"""
num_rows, num_cols = shape(data_matrix)
means = [mean(get_column(data_matrix,j))
for j in range(num_cols)]
stdevs = [standard_deviation(get_column(data_matrix,j))
for j in range(num_cols)]
return means, stdevs

SR A A BB A a2 -

def rescale(data_matrix):
"""rescales the input data so that each column
has mean 0 and standard deviation 1
leaves alone columns with no deviation"""
means, stdevs = scale(data_matrix)

def rescaled(i, j):
if stdevs[j] > 0:
return (data_matrix[i1][j] - means[j]) / stdevs[j]
else:
return data_matrix[i][j]

num_rows, num_cols = shape(data_matrix)
return make_matrix(num_rows, num_cols, rescaled)

—AnBEAEME, RTESE A URATPINT T An R ORE S At B d Atk ALY BRI e
B, TR IR OUH B s 1E 69.5 J5H R 70.5 St Z A N, RAFRE (kT
PRAT R Z ) R R R ek & (noise) , (HIRMLEFIFAAY LR Hoprof 22 5 5
o i B o brof 22 S AL Z

10.5 [&4

Bz, $dEiy “EHoT (S0F HRY) 485 SIRMNER B FH AT, than, Z%5)E
B 10-5 H AT R EE
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B 10-5: 45 “51R7 B9AUE

BARTIRED 5> 728 ZE B AT AR VT B AN AT, BEANE x Sl Rz, A y Filkd Rz
LK FPIETE K AR, BRI A F—Fh AU £ s % %47 (principal component analysis, PCA)
A A B PR B — s 2 AN, DASR B R ATRE 2 1R 22,

Febr b, XFERIHORAE T IRAE B . Fedfe 2 T BRI 4 R s
161, IReTboiad — A/ BRI A S Ry 22 it X b
THUURE Z%, dE—MEEREVHR .

E, AR A A G S EA T AT

def de_mean_matrix(A):
"""returns the result of subtracting from every value in A the mean
value of its column. the resulting matrix has mean 0 in every column"""
nr, nc = shape(A)
column_means, _ = scale(A)
return make_matrix(nr, nc, lambda i1, j: A[1][j] - column_means[j])

(AR AN XAEML, X R B AR IS 3 mT RE sk MU A E B (B A B, i &t
A, )
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&l 10-6 JEor T RIME AR BT .

10 _”.“.”.”.nén.”.“.”.”.%.”.”.“.”.nén.”.”.“.“.}.“.“.”.“.é.”.,”.”._.?.”._.”.“._
r r ; e 4 ®e
B [ ::
: s ® L] : :
 ee e T el e
o Lo @Y, e ;
0L ...ﬂ....$ : 4
e | oo L *
® %f.;.o
° . T e
L] e ® ... .
z e e E z z

-40 =30 =20 -10 0 10 20 30

B 10-6: KIEGHIAUE
e, BA—RSERERE X, ROV, HEEI LR AREZRTT 42
BRRUL, BT d (—A4HED 1 IR, FERERIEEAT x (7517 d 9 JR A A

Fldot(x, d), FHANRKFEEAIET & w AR HE R/ NAEEA 1, WeiEsadkE T
#/[\7‘3‘[‘:"—]:

def direction(w):
mag = magnitude(w)
return [w_1 / mag for w_i in w]

Fk, 2sn— MR w, FATATEE w 5 B %
def directional_variance_i(x_1i, w):

"""the variance of the row x_1 in the direction determined by w
return dot(x_i, direction(w)) ** 2

nwun

def directional_variance(X, w):
"""the variance of the data in the direction determined w
return sum(directional_variance_i(x_i, w)
for x_i1 in X)

mwin
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FRATT DA H 8 5 22 B R IR T5 1l o IR SEAR R HE v B, FA Tk T Lol 6 T B 1
Tk

def directional_variance_gradient_i(x_i, w):
"""the contribution of row x_1 to the gradient of
the direction-w variance"""
projection_length = dot(x_1, direction(w))
return [2 * projection_length * x_ij for x_ij in x_1]

def directional_variance_gradient(X, w):
return vector_sum(directional_variance_gradient_i(x_i,w)
for x_1 in X)

B B {8 R B directional_variance g AL TS I :

def first_principal_component(X):
guess = [1 for _ in X[0]]
unscaled_maximizer = maximize_batch(
partial(directional_variance, X), #
partial(directional_variance_gradient, X), #
guess)
return direction(unscaled_maximizer)

WVF, PRWA TRECE FHBENLER B TR i«

# X EEA"Y", BT U 38— Nones [ ] &
# FNZMEX A AR R 5L
def first_principal_component_sgd(X):
guess = [1 for _ in X[0]]
unscaled_maximizer = maximize_stochastic(
lambda x, _, w: directional_variance_i(x, w),
lambda x, _, w: directional_variance_gradient_i(x, w),
X:
[None for _ in X1, # {RAY "y"
guess)
return direction(unscaled_maximizer)

EIER SRS, HRARIRR 75k [0.924, 0.383], XAT5 IREAAHER T EHE R
AHFEZT s (18 10-7),
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40 T, 50 10 é 15 20 30

10-7: E—-E/H
— BRI TR — TR i, ko LB AR X AN T W B2 A4 B4 B 1 -

def project(v, w):
"""return the projection of v onto the direction w
projection_length = dot(v, w)
return scalar_multiply(projection_length, w)

nwun

WFSEBEBIHABRI By, SN h R B -

def remove_projection_from_vector(v, w):
"""projects v onto w and subtracts the result from v
return vector_subtract(v, project(v, w))

o

def remove_projection(X, w):
"""for each row of X
projects the row onto w, and subtracts the result from the row
return [remove_projection_from_ vector(x_i, w) for x_i in X]

mwnn

B A& A - AU BRSO s o — 4k, URERE — Ty 2)a, #ITRYSEhs bt —
A4 psy T (18 10-8),
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B 10-8: BRRB—EMNDZEHLIE

EX A E, AT LA remove_projection 19455 & ixX A~ it F2 R R B FH A iy = i oy
(& 10-9),

FESE B S, FRATT AT DU i AR BN A R R B H A E B

def principal_component_analysis(X, num_components):
components = []
for _ in range(num_components):
component = first_principal_component(X)
components.append(component)
X = remove_projection(X, component)

return components
SR 5 TR R 4% 4% 00 R 2 B0 A B ATR i 23 TR] Hh )

def transform_vector(v, components):
return [dot(v, w) for w in components]

def transform(X, components):
return [transform_vector(x_i, components) for x_i in X]
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R ARMRAGE, REALT L. B9, Bl Ll 5 FR = 4 BN A i EEAH G Y
2 FEA AT B AT 1T BRALE

0L ..:. .
wy -
-40 =30 =20 =10 0 10 20 30

10-9: IR TERD

F 7, ERBUH R IRAERR G, BT Lz A — R PDEAKE M T s 4 5o 11
Ao BATATLEARASHIR 230 T3 76 iz X FEARRI B 1-.

I, ERERTCAREBY R SEARARE Y, S (IR B A . TR%S B B T an T
VEAERREEHTIN—4F, PR TRERMN 1 536o0” XHAESIE, (Higa “5 =L Hm
0.1, “PITH RSN 1 53T XA IR R AR T

10.6 ZEHFE

o FANFRAIAESS 9 FRFTHEFIAY, pandas (http://pandas.pydata.org/) TR A fiEA: Python {EEE .
R AP BRI EE TR, ATd A B O3 R TEIER AT LA L pandas
FRIHSER, Python for Data Analysis (O’Reilly) KHEZ %421 pandas B EAF&E,

o scikit-learn 7§ % B £ ¥ B 5 B 4> iR B8 5% (http://scikit-learn.org/stable/modules/classes.
html#module-sklearn.decomposition) , Gl#E PCA,
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Hlgk=>)

FRETRTH, KraLBRhLS,

EAM - £ F R

FERZ ANIRE, BARFHELPEiLass 2], mBERPHE KRS fr, UIZRm
JAEEHLE A M (T H., REEANLHHRR 85 IHFAREREILS -4 4), F
Kb, BARFHA R RN TRl [ U AR S, SRR PR AR
R, BEARERER, MEARIPLES X —F8TIE. ek, PLéss >l —
MABHGENES T, b THGrBER Y TE, RRGBEEE.

11.1 EiE

FETHEHLE 2] 2T, BATFHEIREAEE (model),
2ty esibe LR FETARZ & 2 AR (SHi) BRI—FHTE,

edn, AnRORECHURATH S Makh st , "LV — /% LR (RZEF I PS4
TARRHE), BAMRAZEM “HPET B PR ERA” R R ZRRER,
R TORJLARAVAR BRI, SEAR R IRER P R RS AN ISR NS T DL
MORERE” RBEMPTERIMAEL, AR IRAEHRAL LR o b, k2 Jand e 0 1idad — A
TCRR AR AR SEIR I il TH AL BT AT PRI, X /AMEAE I8 T E2 A RRANIE 75 h
S L HIRERY 53 AT o

P B RUAR R R ST AR VBRI AR b RN AR ST, WA I k& R LA
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FAZBE R R, TR, SR N RER T R IR bR NGB B, AN
MR &, HEIRILA CERIT AR, Fhyd R RIS, P s NIFISELE S T-Ab
FRAIBERLIE R R & BR AR 1%

11.2 HARW#FES

KL s £, B0 NBA A CHPIRIE L. EiX B, FAE AR E G GETHE
FIARLE 2 5] S i ARy, R RSB, XUl DAY (R F0n] 52 4 ol S4B 42 35,
THREFRA TR PSS 7 2 XA ATE . —okUl, FRATHY B AR H CAF R BRI & m]
RS H B TUn 2 Bl RESE R, bhan.

o TR —FH o A A b B

o TG MR SR R R T A
o TROMIER) 5 fc A Al REBE I il
o TSUIWIR SRR ERBA 23 B A R AT K 78

THEHRMESARA L BER GLPREIRAREA EFE R, wTHt#2]) A B rs
(BAARE) o BA — AR, WATASEABHETIHE, ¥ B H AR
(Herhfy — & Bl G haE) Fnde SRR (BRI SRR B B R 2R 4 )
IULE, HEAERME LA T — B EBRRRMA A VS GBIIK R, KL T K
112 B Sk A RACHIRBETIHE, SR)5 (8 Sk o 2] MR B BT ORI THIZ 4.
Bilan, FMMEE— T ARIS & RBCL) Rt RERIZSER L, RS XA 2k
PR B, B0, AR EABIR e — R R IZW B BRI AT T3k, SRR (8 A EAE
et 2] EIRT BB, AR S IR R AT AT TR R LK.
AR Z 0T, BV AF M PR AL ES 27 ST IR Tl . A FERIRAR o BRI — oL as 22 21 1
HAMES, BEASTHERIER AL,

\ \
11.3 IMSHMXUS
FEALES 221, — R WIS & & (overfitting) fe— ARG e ERILR
b, AHXPEDEBAR AZ AL RE D AMRZ AR, X vl REAEHEFR B e 5 (522, wl
REVD e 2 2 IR IO, T AN ) T DA 2500 22 Fy i HH R AT PR TN A Al TR 35

7R ERINEOLE R4 (underfitting) , B AR HE B AE VI ZREc_LARIEA 4Pk
W, REE X R A AT T Sk 20 S A A7
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A RIBT B LR & 2 T

20¢ : -- W0 :

' — Wikl .

S Wl\ﬁ9 IIl ‘ .
15}
10}
5k
(V)8

1-1; TERRINE

FEBE 11-1 v, Fou—ZH R B BAELE T 3 R 2 TN (B S BB, RIS E
JRTRRIET TR 4]) o

ACFLE R T BB ECh 0 (Wit 40 M2, TR IZREE R Ui £ ™ H 1)
Rig. wEDANEA 9 (Wibef 10 240 192 TRkt o= DI ZRBdE i 4
M AR EI AR, ARIRATREIREE L1 — L5, XA ZIIRA Al RES R B E
TRZ . BrECh 1 REAEER TIREFIY P ——EFig A AR R, JRH (X ek
FE A RERNERY) B TR IR RAR R .

R, KEZREM S SEGIUE, IFBANZREIRE 2SRRIz . FrlL, &
IZAn AT B PR B TR A S KB WE? Bk A B 5 T A A (8 P AR ] At >k DI ZRAni K

A,

B (A B BE R R o B B, 6 (Bbanid) =4y Z “ROBER R IZREEAL, 2 J5 HIRIA
M =2y 2 — KM R 2L .
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def split_data(data, prob):
"""split data into fractions [prob, 1 - prob]"""
results = [], []
for row in data:
results[0 if random.random() < prob else 1].append(row)
return results

WAV A —AER A Z BRFERE x — R DM H AR R &y, XFMER T, &
TSR R TR AE IZR B DR MRS b, B AT B I (BB — k2«

def train_test_split(x, y, test_pct):

data = zip(x, y) # O A
train, test = split_data(data, 1 - test_pct) # R ix A O B R
x_train, y_train = zip(*train) # DR E R TS

x_test, y_test = zip(*test)
return x_train, x_test, y_train, y_test

IXAEDRAE AT A —LE20 T T X AR AR P .

model = SomeKindOfModel()

x_train, x_test, y_train, y_test = train_test_split(xs, ys, 0.33)
model.train(x_train, y_train)

performance = model.test(x_test, y_test)

AR R 2 AR, IBAEfE (Caklnirn) WS LA TRERm
FHRRAL, HaiEd, R eaEliids LRI, BArRAT VG ERR I EME B
ESHIIE|SeRDER

SRMIAEAT LB UL T aX th T RE2Y HER

B DU MIZRAINR A B b A AR RETZ (L BRI B R b

bean, MRl SN PIGIRE, B EE -, EREE T, KZEJ0 S
FENZRA R AR a1 BAT SRR AT R 22 21 3R P ANt 25 BB e & Ik
Ao RARAKKAIAE, RERE 28—k,

— A ERAYAEE , ARIRRI S IZREFIMIR R B AR US4 7RI, g T
FEVF 2T b AT 4, U, RUERRRPTA RS EUA ), (B “EFEAENIKEE L
TP IIAEA” & —FoCIZR (meta-training) , S¥HEMAREE 2 1E 5 — MUK EMIEIE,
(4K, FEMNRSE LA A R IR AR AL A HR AR, )

FEXFEULT, PRECZICEAR KDoA =85 . — A HRESERR ol 458, — A ALEDIZ
GFRORETY B AT PR B B, — /S FR P O RE T ) X B
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11.4 IEMH

HIAMEIRF 2RI, RESWIMETHI. AR, e T —/MEsA, THEN
A LI —— e mi P 55 98%—— Mg A= L & R B . FAVAINEAE e f %
FIACH . BrUAFRAE X HABAN YT o = — T (U BLE 4 04 Luke BHRINS A M (A
RIEA B FHTEEARAR F IR leukemia) o

AT TEPTI, X RIS A 98% ARk, S, X — A BEERIMIL,
WARAFHOAERE T HATAT L ABECUH MR X AL SRR — B4 IR,
(RIS — MR R il = RN, bdn. — BB A R BB 2 Fef 1 A %08 X
B RS Y XA TR LT i oy -1 2

ZE R EBIR RN AT, B R B S A T b — AN R

o EPAYE. XERBASRBORERA, A T IERRE T

o (RPEME CPREE 1 2EE1R) « “XEIBAEARBIRIBAE, (T 1M eahrRklbe:.”

o (RBAME OORRES 2 288H0R) « X BB RORIBAE, (HRERN M EA L EERERE.”
o HPAME: BB AR, T HIBRATER B e ARk

FANT1H R A 4% (confusion matrix) AV THHkZFE7~ b E B PO FiE O

BORERE  ARSIRERME
T R LM F PR
T “JERCR B [ PR HYIH

LA T T 1 g T An Al FF A X FE SR, BLAn4, K294 1000 £ 2L A
5 A&t 4 Luke (http://www.babycenter.com/babyNameAllPops.htm?babyNameld=2918) ,
B N — R R A MR IR R 20 1.4%, S U4 1000 A& F 14 NEFR (hitp://

seer.cancer.gov/statfacts/html/leuks.html) ,

IR FATAE XA R F RN, ARER 1B Nig AT “Luke & A MU EET I
W, FHRER B AR IA FERE -
=HiikE 3E 8 7% Bt
Luke 70 4930 5000
1F Luke 13930 981070 995 000
At 14 000 986 000 1000 000

SRIGEATH B R TR R LA ge it &, flan, A#F (accuracy) & L AIERITI
DI EE B«
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def accuracy(tp, fp, fn, tn):
correct = tp + tn
total = tp + fp + fn + tn
return correct / total

print accuracy(70, 4930, 13930, 981070) # 0.98114

Fe A A Ber A ANzl (BRI AR — IR, Bk B R A
AN T 2 (0150

T WML & A% (precision) Fl1& & (recall) &5AEKERF,
RS T “PREE” BOTRMIA % Hmf .

ﬂ

RS S Eidib]

def precision(tp, fp, fn, tn):
return tp / (tp + fp)

print precision(70, 4930, 13930, 981070) # 0.014

o A A FTIR I PR AIEL G

def recall(tp, fp, fn, tn):
return tp / (tp + fn)

print recall(70, 4930, 13930, 981070) # 0.005
XA EE R AT, Bt X e — M RA R
HHE AT DR R 2R A B F1 49 (Fl score), ‘BraiXife Y.
def f1_score(tp, fp, fn, tn):
p = precision(tp, fp, fn, tn)
r = recall(tp, fp, fn, tn)

return 2 * p *r [/ (p + 1)

T IR N 4 RV (E  (https://en.wikipedia.org/wiki/Harmonic_mean), [K 4
IRETEIEPE Z ],

TS T T A A RN A R Z AU, — AR AN SR AR RO R B DL T TR
BT, WreMELRARERES, HAMRRIMEM, mank—EUERO R
TﬁM“B”ﬁ%Ab%§é$T%£hﬁ,@E@$ﬂ5ﬁn

BT, WRTUHER SRR AR R AT Z Al . R “2” K2l H SR
LRI, TIAY 6" K2l 24 MR Z AR,
fBeizoxt Ak B A 10 A B PR 25, PREY S R g O R Sk %, kil B f8 B A I

RFEOLT, VRAT MR BT — R VBSR4 AU R 25 P 2 1519 1f
7R DA AR R P 2 T AN BEE T A IE R A R v, DR
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At T (BOVEAE 2 NG E R ANER S E LA, JfHEE TN A
AR (BARENER T i S A B & Bl ok /D) o T 2L FRAE I, EEEAEM

e S0 552 B L sl A S ) SE BRI AU

11.5 wRE-HFEBE

MBI AU (R 75— BE AT AR A IR A5 22 2 IR AOAR AT . R e AT 225X A A4 44 ]
AR R Ok AR —MRELEAER) ARETIIZREDE S L2 kST IR L.

Fedn, £ 11370 A FRLAT PRI 0 Bracidxt (WE [Rl— S Ar) T Er
IZREAR S R R . X RIIABAV R F 5 & . AR BENLE R 2R 2
25 HVARARIAR BB (R A A T A BE AL B A I 2R B B 1% A R BRI P91 ) o BREA
BAFRRA A £ SR ETFIRTT 22 4 o By 36 RAUA

H—J51, 9 PR e Al A IR, ERARIKHI R AIRE T2 (R4
IZREEFRB AT REZE AR S A RRB AR o X R DL RO A

AR e (X R BME R DIZRE R L RIALE ), "TEAZUMAE 21
FFE. M O BT EEE] 1 B ikt —AMRKRI S

ARARRIBEIR A 75 22, AEATUAZRALMAS FRARAE s 55— PR T5 v (AR T RERYIE) 3R
L HVEAE.

NAS r A A FRIULA 94k £ 1515
20t 5 -~ N=10 ‘ y
‘ -~ N=100
— N =1000
150
10+
5L
(1]
0 2 4 é 8 10

B11-2. AREILERRLE
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FEE 112, BT DA R NIFEEARILA T 9By 20, andkfiarmpr i, 2T 10 455
A IR — BT . AR AE 100 MBS BN, whs KRRt AR, 4n
SRAE 1000 45 _Eilgk, Bledkmtod | B,

FERET S R EEARRTEE T, IR A, sttt L4 .

AT, ELREER R E A S AR AR AN RERE L i 2 RURHIER 12 Bt
AUIENIEE, AE2F 2 BdR A S AR,

11.6 4FMEIRENANIERE

BAVZ AR, AREERA R B RIE, BRI S R IA . (HAREIEA K20
FAIE, BRI Gt fha . B 2AERHENE, BN AR ?

A4z (feature) efRfR AR MAEMT A . fEREIRAIEILT, FHER AR I A TR,
AFPRARIE TN AR AR RO PR, A8 TAE A BR st VRl A P — AU ALE

OV nk, anRIFATAE 11.3 75 A FIRELET ALY, AnsRnT UAHS B R 57 3 4F
BT, REZANA T ARAEBRAT P J5 RIS J5 53 )

BIRAS T I, SR . AR TR SR T — A BB A i DB 2R R T
— BB A AR BB . K2 B RN Sl ARl AR S AR B A, MRk — AR . IR
TSR EURHE, b

o IBfR AR A EL A BLE] “Viagra” s

o FhREAHI T 2K

o AR 4

S/ I RFAE A 1 B By, T UARE SR bAoA 1 55 0, 58 /> n @AY RFAIE 2&
AN A (R RFAE & AN — A B8 S 8 P08 v it e £

ZRAIGET, BOSIFFE X =FRHEREEE P FRBURE . JRAb, FRAEAY R PR I T 4]
Fr FE R 2 Y

513 TR A HAVAN R DUy K58 A Bl X AR IR, g B AR
— P L —HE

5 14 FANE 16 TR TR RN BRI SR G BUA R IRRAE (‘BT RESELAE 0 5 1 X ARy
HEAAZ &),

517 BUFRIRI DRI, S5 R SR PR o
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RS AERL TR P 0 &% 0O Bl 3R TR R T QR 5 7, (HA IR TR FR S 5k bR
FHIE.

Eedn, fATREARA W &S JLA AR R, RIGAEREDL, Rifeiut—2qe g, g A
R >FEEGERE (105797 “Frde™), REHX L DEIIRHE, B8 Bdf R —2EHR
(EeAmEN e AR, W 15.8 55 “IEMIL”) xR IS 2 RHER R T T

BANZALERERHEE? X THEE % bka RS A . AURIRICE] TR EAIMBEE, "THE
SO AR BRI BB B, X AT S A BB R A Fi AR, R, PR T RES T,
FhE d BN BONMGAE FIRT RSB fbn. (AR R DL, (RTFEZ A RRRAE, X4
AR A —Fp iR,

1.7 #EHES

o MERT X, JRmEJLETFHE T ARFEAINLEE T,

e Coursera FJHL &% 2% 2] B #2 (https://www.coursera.org/learn/machine-learning) /& J& €Il /Y
MOOC, & ABLEHLES = 21 Al IR aF @ 2, g B T 22 B AT HL 45 2% 2] MOOC
(https://work.caltech.edu/telecourse.html) L& fREFHIF IR,

e The Elements of Statistical Learning x&—AH BRI bt , rTLIM 2% _E 5 8% T3 (htep:/
statweb.stanford.edu/~tibs/ElemStatLearn/) , {HAAZHRE, EAIEFH LN,
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B12F8

ki 3DiE

BRARANERE D, RER TG ARep %,
— BT - FRE

B VRAT R ISR FIR KRB W 2, Rt Tk — s (e fRa5dE), —4
I R BRI BN HT R E 25 28, FRAEEETER T A0, RIVAEITTEESHT
BHEARTEMEEN, XH “REEEEN" GRS,

PRAE A 1 VRt F B T AN (UBR T 5 iz 1 ik Al BE PRI JnE AR . WA, DARCA L
NuF, FE. SR BEXLeE T (S m ) PR, WS RLE fE X Lok i
BT T AL B UL EE LSS R B A IO AR JE S5 A B SE AR TN A R . XA i 2 AT o
(nearset neighbors classification) 77745 g AR,

12.1 RH

R BB R I BB 2 —, B % D LR, R R AR 4 A i
B, ERTERAILLAL

o SR B

o PRI BT A AT AL A B

AB P YRR RIS D HARICEIRER/E— Rk, DMEZ 2 8dndh i, Mtz T,
BULARIERAR A EI2NE TRRER, B — A S st A il 2 s /0 &
RAZIL B AL
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i H., BT ARk AGERE BB AR R T2 B AR IR IR AL . bban, 2 TFRADRE
AT AR TR B I B I ARE S VR IR 2 SEX MBI, iEse T (bbanid) 3Ry
W A FRARS AR Dt e P Bt SEAT A HIBE T AR AT RE & feoms e b S B 1A

E— NG, 30T — LSBT N bR B 4, X bR Al REICE B BUR, R

A% MR RA R SRR AE RO EAUET XFENAL: & Tl
mEr,ﬁ@“GPGlﬂm R. PG-17" XFEMHGZERESr s BB BITAIRER &

%%ﬂk%%%;iﬁbm AEAE RS2 WO I SRR S I AR

EIRNTEI 1, B m R, XEWREATLAUHESE 4 3Ry distance B,

FEAnE AT e 18T k HIMED 3 85, ARG S SR Bt oy 2, 154k &
A EARICHY AR ERY A, LEXEE R R4

ik, BAIFTFE A RBORTH RIS R . — AT RERY R B0

def raw_majority_vote(labels):
votes = Counter(labels)
winner, _ = votes.most_common(1)[0]
return winner

{HiX B A Re A A a5 3 . bhdn, RN IEX B2y, H 5 it i sy
WA G, G. PG. PG fIR, %ZGﬁﬁEﬁmeﬁﬁmoiLﬁhﬂT,ﬁMﬁuT
JUREEE,

o FEMLERH B AR,
o ARYEEE BN S IR B I AR I
o D kHE BB ME—RIREE

A1z N =Rk

def majority_vote(labels):
"""assumes that labels are ordered from nearest to farthest"""
vote_counts = Counter(labels)
winner, winner_count = vote_counts.most_common(1)[0]
num_winners = len([count
for count in vote_counts.values()
if count == winner_count])

if num_winners == 1:

return winner # PN R R
else:

return majority_vote(labels[:-1]) # EfEiETE, FFREIR

XIS R, BOAERIARIEOL T, BO&—HBD cE, BEAR -
%, PR ABRZE R R .
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FEFHIXA bR BAR 5 Bl — >4 2 i

def knn_classify(k, labeled_points, new_point):
"""each labeled point should be a pair (point, label)"""

# HEBRICAT I A% I S5 T B dpe e - HE
by_distance = sorted(labeled_points,
key=lambda (point, _): distance(point, new_point))

# KA Bl AR BR

k_nearest_labels = [label for _, label in by_distance[:k]]

LR INEANE

return majority_vote(k_nearest_labels)

LA AR X E 2R E Y,

12.2 ZEf|: RERNBEIES

DataSciencester 55—k P AR UL R B2 T, eI A FE] T — R 508 H P w28
IElE S

# g0 E & ([longitude, latitude], favorite_language) T3,

cities = [([-122.3 , 47.53], "Python"), # PHYkX
([-96.85, 32.85], "Java"), # BT
([ -89.33, 43.13], "R"), # Z2imsdh
#oeeo HRZ IR

1

X Z HES TR RS AR ANIE T ATRE A RE X LE45 R TR LR 1 A A A B 5 B
G TE B AT 4

—InBEAEM, P EA R SRR B (R (Al 12-1 BoR) -

# RS, ﬁiﬂgﬁkxfikﬂ§(longttudes, latitudes)
plots = { "Java" : ([1, [1), "Python" : ([1, [DD, "R" : ([1, []) }

# A 1A RS SRR A RIiC S g
markers = { "Java" : "o", "Python" : "s", "R" : "A" }
Co‘Lors = { ”Java" : ||rll, llethon : I|bll’ |IRI| : || n }

for (longitude, latitude), language in cities:
plots[language][0].append(longitude)
plots[language][1].append(latitude)

# AHERE S O — R TS
for language, (x, y) in plots.iteritems():
plt.scatter(x, y, color=colors[language], marker=markers[language],
label=1language, zorder=10)
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plot_state_borders(plt) # IR — B — P IR

plt.legend(loc=0) # ikmatplotlibitF— /(B
plt.axis([-130,-60,20,55]) # 1% B

plt.title(" Bz Mol I HfeiE ="

plt.show()
55 RSEAGNH SRR TS S
sss Python
50 ady R
e®s Java
™ .

45} - s . A .

n [ ] A - 5 ‘l

] = ® b .- bl
a0} . s olo P4} 1
A " . » .' o
bt ]
1 ° A -

35} & E . ¢ © =

n [

. “ 5 L m B
30+ a. o " 4
°
°

25} 7y 1
20 I I I I I I
-130 -120 -110 =100 -90 —-80 -70 -60

B12-1. RFNDNREIES

PRATRETERRE] T %4 plot_state_borders() FYIHM, X —MAHEHIE L
HY BR %, A B #J GitHub T1 1 (https:/github.com/joelgrus/data-science-from-
scratch) AT IEA BB LA SEEL, VRt rT AR B U E— A 2RSTE0R B O 25K
fil :

(1) TEMZS EHERE ML R FE L
2) ERHREIEE LA BRI AL [(longl, latl), (long2, lat2)] HYFIIZE 5
(3) f#H plt.plot() mitiXLELk B,
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REAR BAHATC R X R R Z AR IS 5, A8 4 kA ARTEAE A — P iR bk s
— A AL,

O, LRFRATR — T AR ORI A R PN R AU B SRR AR

# I ERIKIE
for k in [1, 3, 5, 7]:
num_correct = 0

for city in cities:
location, actual_language = city
other_cities = [other_city
for other_city in cities
if other_city != city]

predicted_language = knn_classify(k, other_cities, location)

if predicted_language == actual_language:
num_correct += 1

print k, "neighbor[s]:", num_correct, "correct out of", len(cities)
Bk 3- ILABIRILRAT, 59% (I [AIETRES, HE ffss R .

neighbor[s]: 40 correct out of 75
neighbor[s]: 44 correct out of 75
neighbor[s]: 41 correct out of 75
neighbor[s]: 35 correct out of 75

N W

BAERT LA AR Balr 401K 22 F SR X5 B AN IE = . T TnT DAZE 20 4%
MCEEATIE R 2, ARG 2 BRAL B 1T 50 A 5 A N £ R e R
plots = { "Java" : ([1, [1), "Python" : ([1, [1), "R" : ([1, [}
k =1 # &3,8%5,8
for longitude in range(-130, -60):
for latitude in range(20, 55):
predicted_language = knn_classify(k, cities, [longitude, latitude])

plots[predicted_language][0].append(longitude)
plots[predicted_language][1].append(latitude)

B, 18 12-2 BoR T AN R HULHISE (k=1) BrEf o858,
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1 AL 2

55 T T T T
AAAAA L
A assasl mma Python|
A AAAAA L
Ak Adddd| a4 s R L
50 Ak AhAAA L
T 4 EENAAANNEEEAALALl 0 0 o Java L
Illllqii s \ EEEEEAAALA| 3
AAANNEENAAAAAAAAAAANMKRAALALAL
|-----Wpinnnnmmﬂ-n!ﬁ- Ammbgmadsiddddidafadasdanaa
45 g Ak Yy rmer JYTLTYYYYY.
[ T11 FYY l‘lll‘.‘ll { AAAAAAAAA
Ak ; ‘mlll AAAAAAALAA
— \ Apie AAAAAAAAA
AAAAAMAAALA !I...El. edeconmmiin AAAAAAAAA
40 basaaspanajas g AAAAAAAAAAAAAL]
AdAAddadadaa pnee ey AAAAAAAAAAAAA
AAAAAAYAAAD A - YTV YT
AMAAAAANAAAGY phes AAm EEENNYEENAAAAAAAAAAAA
o0 AAAYAAAAANDENENEEREENNALALAAAAAAL
mige ™ MY n AAAAAAAAAA]
s Y T T YA T T T T T T TYTVVVVIYIN
.lllllll..llwoooo--lllll - Ad AAAAAAAAA
AAAAA ‘-1-4 i ‘“ll AAAAAAAA
AAAAAA -\"T‘: ‘-‘: de Fé AAAAAAAA
30 AAAAAAA Ll;’.\./\_ AAAAAAA|
AAAAAAAA added I J 4 AAAAAA
AAAAAAAAL -L [ I -\' AAAAA
AAAAAAAAAA l I I 'YY Y
AAAAAAAAALAAA LE t A
25 mEmAAAAAAAAAAAA o
BRAAAAAAAAAAAAA
BAAAAAAAAAAALAAA
AAAAAAAAAALAAA
AAAAAAAAAALAAA
1] T a a a a a
-130 -120 -110 -100 -90 -80 =70 -60

B 12-2; 1-iE0RIZIES

AUEE, N—MESE S —MESAF2EE, BMZRNDFMEABL, S
ABIEEEINE 3 I, RERFAFIE SIS T (18 12-3),
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55

50

45

40

25

3-LARHI SRR =

IIIII(.{ !

EENANA

|e®e Java |
3

s=s Python

ady R

Y AAARNEEENAAAAAAAAAAMKRAAAAAAL
junmnnfingpresinsyunnnnncesfoscnnuguunphnliaysnnhanisssssssssshadasssssa
w AA AAAAAAEEdtll AAASAAAALA A

HEERLLL

l‘.l.l.ll.‘.l.l { ALAAAAAAA
i

“A-.l.l.l

AAAAAAAALL

AdhdAbaas s 2

AAAAANAAASAL

AAAMRAAALAL

.l.l.l.l.ll.l.l.l Ak

AAAAAA\AAA\
FYYYYYY AdA

r YYYYVYYVYY
p YYYYVYYYYY
AAAAAAMALLAMA
AAAAAAAAAAAAL
BAAAAAAAAAAAAL

TYYYVYPYYVVE
BAAAAAAAAAL
AAAAAAAAL

AAAAAAAL

AAAAAAAL

20
—-130

Abhdddd|
AbdAdd
AbAAA
Abhd
Add
SEmALAAALAAEEA o Ad
ERAAAAAAAAADEA
BAAAAAAAbAAEEA
ALAAAAAAAANNAA
ALAAAAAAAANNAA
Ahasssassdmmas & i " o
=120 =100 -90 -80 =70 -60

B 12-3; 3- T4RIZIES

Fefr FEA0EHE A 5,

RARENER T (& 12-4),

k A RBE
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S-ULABIIRIRIE &

55 T T T T T
AbAdA L
sssal mmm Python|
AbAA L
Y Y L
50 Ak o
Ad T sssle®e Java |
“‘.N \" ......:... LI LIl FYYY 3
AAAA e A T Tl Ty rrYYYYY  TYYYVYYY
_““‘E‘,.m AbAAAAAARANAAAAAAA
45 basasa Fi!w“." 1 H = AddbiialasaRaddddd]
AAAAALA ......M Y YT
.l.l.l.l.'l.l.l.l AAAAAAALAA
FYVYY T h! eohag rAAAAAAAAAAAL
AAAAAMAAALAL tommefeceoed m N T IYYYYYYYYY
40 bassadpasadan u eespecdecqeceday aa.na.n.n.n.n—
AdAaddaaadaa odegp .naaa.n.naaa.n
AAAAAARAAA aaka & AAAAAAAAAAAAAA
FYYYYYY 'YV (1 BEAAAAAAAAAAAAA
lassssssdssmnnhgdoscopunnnn BENAAAAAAAAAAL
35 lhsdsdsss)unnnniisesscdunnnn EENAAAAAAAAAAA]
lasdaaaaa s BEEEEENAAAAAAAAALA
.aaaaaaa---iigligoooou----- *fa pundas, AMAAAAAAA
AAAAAA AAAAAAAA
AAAAA 1"")‘55’. de Fé AAAAAAAA
301 B on G - 3 mhasaas
AA -L [ I -\' AAAAA
A l I I AAAA
44 Y s

o

25 e

20 " & & & & &

-130 -120 -110 -100 -90 -80 -70 -60

B 12-4. 5- iTAPNRITIES

FESX L, 4R RBOTEL B, ARG IXHE, IRPTRET BT IR R A, bR A/
10477 “BARIHEE” hprFrIAREE

12.3

FEE RIS b, kAR A B BB RO, AR Ta el T B
Ko ez Al Y SARA A R IR IE AL . GBI AR — Rl i fE— w2
) d Hezsin] PRSI R ERENLHb A BB O, R R BT Z AR R

BUE, AR RIS R FIR T

def random_point(dim)

return [random.random() for

B/~ BB BB B R AN«

def random_distances(dim, num_pairs):
return [distance(random_point(dim), random_point(dim))

for _

in range(num_pairs)]

in range(dim)]
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XA 1 F] 100 By A4ERE, TS TR 10 000 ANBEES, FE6E A TR 40 A
R AR B R M B (P 12-5) -

dimensions = range(1, 101)

(]
(]

avg_distances
min_distances

random.seed(0)
for dim in dimensions:
distances = random_distances(dim, 10000) # 10 000/ FEHLXT

avg_distances.append(mean(distances)) # BEEEYE
min_distances.append(min(distances)) # BEEHME
10 000/4~fii B
45 . : lﬁ_tRﬁﬁﬁ%l .
I ) L)
401 —— B/NMEE

0.0 - L I 1
0

20 40 60 80 100
HEFERIANEL

B 12-5. HHBH

Bifi 5 24 BE AR 3 N, RN A 2 AT B B BN T, E S R A Bl B B AT B
sz L (F 12-6) .

min_avg_ratio = [min_dist / avg_dist
for min_dist, avg_dist in zip(min_distances, avg_distances)]
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10k 4

12-6: HHBIB— I

FEARAER IR B, e AR A A A BE B ke ok LL sl R A P P BE B B /N, EAY AN K7E
BAYEE LARABUTIN, FATA ATFRIZ A R ABUT Y, i HLAE A A 2 —— RN (U
AR ——HA P RE S LR A R e B AR . US4 ER, B LR HABILAIM
AR E A LR AR B, X BB A AR IR AR B ER B 2 (Bl
A UF 2 AT A B R BRE E TR .

SBIGIXA AN IR — A AN [R5 2595 o S v 24 2 Tl RO R e 2

FEI 0 F 1 Z RIBEHLEL 50 %, R el RES £ B A7 X B N — AN JEF AP ke A (&
12-7),
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0.0 0.2 0.4 0.6 0.8 1.0

12-7: —4#AB9 50 TR
AnRAE FALIE T TR NBERLER 50 /4~ A, MBI /N (18] 12-8),
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1.0
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L] ® ° o
0.8} .
L] L]
L]
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0.6} . .. . o
L] [ .
4 ® hd
L] L]
0.4+ ®e o °
L] o . °
L] ® °
0.2} .
* .
0.0 I I L I I
0.0 0.2 0.4 0.6 0.8 1.0

12-8: —4M8) 50 TRENLSR
FEEAYEE R LR S R T fnE (& 12-9),

matplotlib NAETRAF M m i 4 ZE Y, FrUAFRMT RGeS L ey LRSI, BIE4nit,
PRt E 2R RENE A B HLE i IR PR A 33 A7 A Y AT £ K IS 28Il 18 S e O 2
b BRAEIRRE AR BOM BT 28 2 98— R 2 s ) AR i B - AU E T o
FAI BT AT HO A DX

B, AR ORFT AR w2 b il 4075, Ao — e ped T0E.
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12-9: =4M8) 50 MRENLSR

124 EHFES

scikit-learn LA £ flt 4845 %Y (http://scikit-learn.org/stable/modules/neighbors.html ) ,
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B13F

RN HEE

S RANE 3 AT, KN E AR,
—FTRIER - AR E

AR AN B R MEYIE, R M A AR K HE, Bk, DataSciencester £
T HEE RATHIENRE, S RZ A E REH . BAR I &5 TLRR AR S B {0 5 ()
RRRE, B2, SO THINIERKK, BHEMS QARG mBEL. 45
T 5 AR A B 4 H BB B A K A ARSI H %, Bk, H PR GEF. A, B
IR S5 E R RIS ST IR 2, LEURFIHEE Bk o i X Se b b -

13.1 — /B SRIBIR M4 e 28

BEAE-A 287, KA T A rTRERTHD - A BENLEFEATIR (. FA14 S FonsF
X —ERRI A", A vV FRORFE IR S A BT viagra”, £E TR b S A R
T viagra BIREOL T, 1ZMB P SRS RER wT Lod it UL LR

P(SIN=IP(VIPS)VP(VISPS) TPV [7S)P(1S)]
B, o FIRIEMS A B B 5 AL A R viagra BRI, 14 BEFOREB (R
L TA viagra BUBER . Bk, fRATLAAGY, LA ARSER B AR TR E Rk
WIS 3 o5 R EL

IR ILMTE LW I T K Ehr B AR SRR, A8 2k v DA An T P(V | S) A
PV |18)o AR FATIIE — 25 (B A Rl WS i 5 8 D e s e 390 oS 1= P9 T A A 55 [T

152



(B P(S)=P(15)=0.5), T4

P(SIV)y=P(VS)/[P(VS)+P(V]7S)]
IR, AR 50% HIBIIRHD A-# & A LA viagra, i VR 1% ROAERIIRED A& %1,
A 2 AT An]— & L R] viagra B HL B4 A SIS 2 O A -

0.5/(0.5+0.01)=98%

13.2 —/ELHWILIIFmp{E e

RBEMNEEY T, P ESATFZ R w, -, w,. SEMRIEAAE, &
TR X Fond e “— 3 & A R w, AEs ", sboh, MG RIREEKE T PX]S) i
P(X|S), HiEZRBIRR A LS ¢ A BRRRER, Je B R BRI R HELEE i A4
PRI FRRE R

APE UM L — A (ORI (B, S Embi s &b i -5, K
BARHGEST S5 HMARIRZ AAET . EHTE, sl snE b o2 & & A R
1i] viagra JC i H5 Bh B A1 W 1257 B R {2 75 & 5 201 rolex, AR B 2E A RNIFIRIVIE,
A
PX=x,m,X,7x,8)=P(Xi=x|S)x - X P(X,7x,|S)

XA EEERm R GX o R T AMZREE AR EA “HFET —iH) . Rk
IERNC FR A& 7 #R] viagra 1 rolex, FH —PRIbCROP A2 HES “BEMHR 19, B—
HRAMER O H LIRS B, XAERITE, FATAT DGl AN S DU BT R T R R R b o R
IR viagra F1 rolex 3 P/~ B TA] A AR 2 .

POX=1,X,=11S)=P(X,=1|S)P(X,=1/S)=0.5%0.5=0.25
DR RN FEREE R, & B A TRATA R % 248 viagra F1 rolex 425 [A] i HHEBLAY 206
BT, REXNMRESFLFHAMLT, (HEX AR RIE 75 R A, B B st
2% et i b IR

T T AT TE 2 P DU S0 B 8 8 R viagra RUBCIRIB A, I AT R R AHEWT—
AR B R, BLR A AT R

P(S|X=x)=P(X=x|S)/[P(X=x|S)*+P(X=x|1S)]
35 DU S B e A Fe T TRE OB A b oR tH 2 sS4 A AV R . IR B A 3 v 4% B T 1 g
SARFRAN AT

fESkEkrh, b TG PTIRAY T & (underflow) [RIREE, i Ay SRS 0 O B0 R e
HFRATIEOL, BRI A A PR & 0L T F B3 s, AR FOBC IR TR AT &,
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log(ab)=loga+logh FL. exp(logx)=x. PRIMAI 1t FHT 5 KT AN AC AR 582007 5 15
i, BUKARATRR:

exp(log(p,)+---+log(p,))
BUE, ME—RBkat R M POXIS) 1 P(X|RS) T, BORETHALSREn (S ERIRp ;) il
By w, REER . AnSRIRAIER TS ECREN U mReE, BIFRIC AR s d BRI
e, ALARIAE, XIHFR PXS) st A RS BR] w, FBL RN BT &5 LR B T

{HE, X ol — R, RANTENC 2R b i #iE] data (X HBLAEDIZRSERDA BT IRHL
M2 P( “data” |S)=0, Hmt AL, *FEM S A data IR LR, FA1AYHN 5 D4
R BRI CRBIMERIREZR S 0, BIfE&{2&A “data on cheap viagra and authentic
rolex watches” (T BEUT R RN 1 E S EOECHE ) X HERBD -t anit, o T ke Guix F
(7SR (TN SO OB L R 5 2 N

e, FAI5IA—"1hie4 (pseudo count), idA &, JFdEd P AR R AE—
FBLR B A LA A R REER
PX)S) = (k+ & w, (IBIRIB AR BCR) /1 (2k + BB F-%oas)

PX|S) RITHRT ik 5k 20, RRN, 4 THSEE i A ] BRI AR,
TRERER]: HOP k BT AL S L], S & BRI MR A & 2% 8 1]

Bildn, 4nit data X /4> HLTE FE 98 B RLR IR (B T 0 vk, JRE A BUE A 1, I

P( “data” |S) 2 1/100 = 0.01, XAE—3K, FA105r FabmhRess ALLE & #id data HIRBLEY
B BRI RERIR T AE O 1 T,

s Sk
13.3 E xRy
FIBRCHIE, FA1CL2%2] THBLERIB 2R 8 rEI & S mrIaniE, Timm, Fi1E5t
AT — TR, BB R A AR RIRY R, B BRI S AR o NE T
X, RJgfEA re.findall() 2R 8. Bl sk ry “Bin”, &)aE fH set() &
ORGSR R B3] .

def tokenize(message):

message = message.lower() # Ak /NE
all_words = re.findall("[a-z0-9']+", message) # BRI
return set(all_words) # BEIA

FRAIASS /i BRI 2 3 EH B bR RO PR I P Rk B, 1% B B ] —
A, B, HCEhAIF, %A1 AR/ [span_count, non_span_count],
3 BB 2 T T R P 5 S o 2
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def count_words(training_set):
"""training set consists of pairs (message, 1is_spam)
counts = defaultdict(lambda: [0, 0])
for message, is_spam in training_set:
for word in tokenize(message):
counts[word][0 if is_spam else 1] += 1
return counts

mnn

TR, FRATIFI IR TR P B AR X S T B 4 Al TR, BR BRI Bl — A4
x, PIFRICEREE =T HAINE, o &R, 12 A H LRSI B - AR R DA R
TR LR ISR A A «

def word_probabilities(counts, total_spams, total_non_spams, k=0.5):
"""turn the word_counts into a list of triplets
w, p(w | spam) and p(w | ~spam)"""
return [(w,
(spam + k) / (total_spams + 2 * k),
(non_spam + k) / (total_non_spams + 2 * k))
for w, (spam, non_spam) in counts.iteritems()]

B S SRR SRR X 2 B TRl (DAR AR DU (R %) 2l I - B

def spam_probability(word_probs, message):
message_words = tokenize(message)
log_prob_if_spam = log_prob_1if_not_spam = 0.0

# BN R A I

for word, prob_if_spam, prob_1if_not_spam in word_probs:

# A frword* IR T B Hp

# WG R ER R H

if word in message_words:
log_prob_1if_spam += math.log(prob_1if_spam)
log_prob_if_not_spam += math.log(prob_if_not_spam)

# i frword* A HIBLLEMR{H

# WHGINE AR BRI E 5

# kelog(l - BHEBHINER)

else:
log_prob_if_spam += math.log(1.0 - prob_if_spam)
log_prob_if_not_spam += math.log(1.0 - prob_if_not_spam)

prob_if_spam = math.exp(log_prob_if_spam)

prob_if_not_spam = math.exp(log_prob_1if_not_spam)
return prob_if_spam / (prob_if_spam + prob_if_not_spam)

Pt BRI ARRDES Gk, wRE] T RRATAIANSS DU 2K 2%
class NaiveBayesClassifier:
def __init__(self, k=0.5):

self.k = k
self.word_probs = []
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13.4

SpamAssassin 17 ¥ BB {1 2% 3L 5k} %2 (https://spamassassin.apache.org/publiccorpus/) F& —
AEF A (REAAE) BIEE. T8 2552 H b ar g4 20021010 B3, 1R
Windows &% |, VRATREFEZER B 7-Zip (http://www.7-zip.org/) WGk MR R0

def

def

TR

RWEAE 25 (BlAnFEIE] C:\spam H 3 T, fREFF 3 A3CfK: spam, easy_ham
A hard_ham, %A~ SCHESR A B AT T VR 2 B0, BB R ER B A T A SR 2

train(self, training_set):

# RF BB BRI BB b T4

num_spams = len([is_spam
for message, is_spam in training_set
if is_spam])

num_non_spams = len(training_set) - num_spams

# it "pipeline" iz TiIlZEHE

word_counts = count_words(training_set)

self.word_probs = word_probabilities(word_counts,
num_spanms,
num_non_spams,
self.k)

classify(self, message):
return spam_probability(self.word_probs, message)

pllpEg kit

o AR, ARG 8T

W2, FATBLANIR BN LN ? il WEE rT AL, X EESCAFHUPHR2LL “Subject: ™ JF

SKHY. BRIUE, FRATAT LRI T w A AR TR B S A 2

import glob, re

# RSSO AR
path = r"C:\spam\*\*"

data = []

# glob.globZyiik [l 45—~ 5 Bl % A2 T Be HY SO 44
for fn in glob.glob(path):
is_spam = "ham" not in fn

with open(fn,'r') as file:

for line in file:
if line.startswith("Subject:"):
# FEIR K "Subject: " R HANE

subject = re.sub(r"ASubject: ", , line).strip()

data.append((subject, is_spam))
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47, DUERA HEEE > A INZREAEAMR S, ARG IR o 2% -

randon. seed(0) # X REURRERRE] 5 HAH R & 2
train_data, test_data = split_data(data, 0.75)

classifier = NaiveBayesClassifier()
classifier.train(train_data)

SRIE, BTG AL — TR AR AN «

# A TTE (G, BT BB , T A b S Rt )
classified = [(subject, is_spam, classifier.classify(subject))
for subject, is_spam in test_data]

# {13spam_probability > 0. 5%k FYE 15 A dar sk dp ff:
# %f(actual is_spam, predicted is_spam)fJH & it%
counts = Counter((is_spam, spam_probability > 0.5)
for _, is_spam, spam_probability in classified)

SERGOR, EPAME (BPBR B9 sy 2k spam) A 101 6, MREAM: (BIE S HBEEwE 2 h
spam) A 33 i, EMME (BITERBREEDE5r 285 ham) & 704 i, ULRAREAME (BPSC b
92k ham) A 38 i, Mmhiid, FEEMERESRE 101/ (101 + 33) = 75%, HaRE
101 /(101 +38) =73%, S+FAanpb i iy — AR, XA ROEAHE T,

A ST T — BRI R, BEMIPLERD i 75 5 BB R EWE? 16 T AT .

# Hi4fspam_probability e/l K HEF
classified.sort(key=lambda row: row[2])

# LTSRS Bl TR Ay L S IS ) e e 26

spammiest_hams = filter(lambda row: not row[1], classified)[-5:]

# I R e 4 N Ay e S 2 P e A 232

hammiest_spams = filter(lambda row: row[1], classified)[:5]
X R B 2 B W R DA R - ) 1 R S & A BT needed  (‘BEAERLIRMB A A H B A A
FPE 77 %), insurance (‘BAELLIRME LR HHELAIHE S 225 30 £5) 1 important (‘BAEHL
Sl HE R ER 22 10 7%) .

B2 Sy R A IR H B R B R e AR R 4 (“Re: girls”), DA FHELLAKINT; HEFT5
I GRS E H WS R BT IS R AR R b, R AE S B TRR £ A I e 2
Y,

[, FRA T AT DA H IR L 1] fi 2 5 e R A BB (. HARACRS AR B .

def p_spam_given_word(word_prob):
"""yses bayes's theorem to compute p(spam | message contains word)"""

# word_prob/& fword_probabilitiesA: i f) =t g —A4

MENMEEE | 157



4

word, prob_1if_spam, prob_if_not_spam = word_prob
return prob_if_spam / (prob_if_spam + prob_if_not_spam)

words = sorted(classifier.word_probs, key=p_spam_given_word)

spammiest_words = words[-5:]
hammiest_words = words[:5]

B 5y W FE Ay bl {4 B R L FE money. systemworks., rates, sale LAJ year, iX£E{)

TS BAE NIRRT S B e A 1w B -1 #.iR 4 spambayes. users, razor,
zzzzteana Fll sadev, FHpKFE G GAER S PHIERISMRAEAHSE, X LLES AT

M2, FATZAN S PERENE? — /A~ 5 WAY T3 8 IR IE IR IUE 2 AV IIZRE . BLob,
DAL TDABGE A S T3 . KRR N BRI 1%

FEBIENTS , TR OUXZEER R, PRI AT 4075 SEB AT K AL B 2
el R B8 TR R QERIPTA R, BMEZR IR OISk, B2
ar, e — Ak E nin_count, Jf HANREEAS BRI ZEIZRE Bl ok B b T 1
AN T EIE.

Fricht T 2% Gk Z A ELIA ({540 cheap Fll cheapest) MIMEE. Edksrdess, Bz 4
AR Ty M ds (stemmer)  BREORHEHL BLIRDS B R[] 2808, IIFRATEA— /SRR
BRI TA] T 43 B % R BOA B REA T 4 -

def drop_final_s(word):
return re.sub("s$", "", word)

A B — N EW 47 R 1 T2 B de o0 B R IROE BT AT T i 5 FH LB 8 e 1]

#% (Porter Stemmer, http://tartarus.org/martin/PorterStemmer/) ,

BARTRATIEAE AR R T “& A B3 w, FIIREE" FITER, (R AR F LR BUGX Fh
B, ERNARD LB R, AT LA IS RRAE, Eedn “&F — /N5 s e,
Jyitk, ATEAGIEEZAL) contains:number IXFERIPAARIC, ARG ESARICIK T-4% (tokenizer),
LB AT 2 AR X 2e O pRiE

13.5 FHEHET

Paul Graham [1J “A Plan for Spam” (http://www.paulgraham.com/spam.html) F1 “Better
Bayesian Filtering” (http://www.paulgraham.com/better.html) X /% & 3 5% An{a T & hr ik
R DE R AR AL T S A R AR AT 48,

scikit-learn & (http:/scikit-learn.org/stable/modules/naive_bayes.html) #&ftT—/~ 4%
BernoulUinNB AYALAY, LSBT A A 280 AH R A AP 35 DU BT B0 DA R A A Y
HoAth A5,
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£14%

15 B3 £ e [

RS, BEAEXNT B A,
—F RIG4 - A m

FEEE 5 T, FRATE Zd HIARC bR 4L correlation feflij iy /> & 2 Al M50 R TR EE
T REBARGL, (UMEAE XA RAEITIE A ERT AR IR B T X
PSR AR APEIF, T LAGE ] B e el

141 RH

WIET, FRATEFETTYZE DataSciencester A Y A& B 5 H g K AEE 1% Wk RO
Rl Z AR £, FAMRIZ, REL VAR E Q&85SI AR 2 & S ST AE WG _E et
Ak

X, 25 RSB RE SL — AEERCRR X R e A, BEAR IR K BLA TR SR A £
KE, WL BHRMENEMERETITAET 7, fEFUL, BRi%E %% o (alpha) F1p
(beta), f#ife:

yEpxitate;
Horb, y R BRACAER S, ERY B8, x R CARIIACE, e RIRZET, H
RFTRIXA T AT 5 BRI b IR 2, 245K, IRZETIR VAT

HEFRA TR alpha 7l beta, jbfEEetrilL oI AFORBEATHM T
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def predict(alpha, beta, x_1i):
return beta * x_1 + alpha

A2, iZanfali£$E alpha Fil beta g7 StBr b, RZMLELER alpha I beta {, XFT4/ M
A XL, HBREAEI— AT A . BT anE sebri HE v_t, BT DO E BRI

def error(alpha, beta, x_1, y_1):
""the error from predicting beta * x_i + alpha
when the actual value is y_i"""
return y_1 - predict(alpha, beta, x_1)

Jebr b, FATTEOE AR RE o A B RS R IR ZE N DL, A, FRATASRER] SR & A
DRI, XA, A x_ 1 BR O, i x_2 BlARRAR, B4 eI iR ZE e
—REEE SR T,

Pk, Bl 1R IR 7 SR

def sum_of_squared_errors(alpha, beta, x, y):
return sum(error(alpha, beta, x_1, y_1) ** 2
for x_1, y_1 in zip(x, y))

AT LAE I 57 s = A ik R e alpha il beta, LA sum_of_squared_errors RUA[ g/,

FIRGAR (SR Z oA RS, ATk vTEAR H AR 72 B/ MERY alpha Fil beta T, H
RARL AN T TR

def least_squares_fit(x, y):
"""given training values for x and y,
find the least-squares values of alpha and beta"""
beta = correlation(x, y) * standard_deviation(y) / standard_deviation(x)
alpha = mean(y) - beta * mean(x)
return alpha, beta

BN E TG B S, LIRS A X FT e — A A BRIV RO 5 %, TLhs
b, ¥k alpha Jg, HEAH A E x PEWIE, FRATSETETIMNIE S & v (FE¥(E,

it 5E T beta, i Wk & A & 4 0 standard_deviation(x), i Ml {H wt & 4 n
correlation(x, y) * standard_deviation(y), FEAGISkiG, Znf x fly 524056, N x &
BIn—A bR 2, TRIE RS y i — iR ZE . M efE e fuHseriE, Tl
HAMEE x BB . 4B 0 I, beta 2 0, XEWRE x HRLARAAN
S TRME ™= A 52 0

T IAE R 5 Z SR E R R T R M E

alpha, beta = least_squares_fit(num_friends_good, daily_minutes_good)

HEEHE, alpha = 22.95, beta = 0.903, Ht, HIBRMIREARE, BA 0 NMEAN
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H P REEX A M B 22.95 + n * 0.903 434, [6Il, *FT7E DataSciencester |-
A AR PSR, i1 RIRETE 23 iR Ex A Mk ., s, H P& in—
NHK, BRAERAEXA WG ERIR RS 2 W —a 8 i h . EE 14-1 v, A2 7%
BRI TR, A RT AR HAASE TR g F 5 S 5 B 40L& 350k

a1 BR8] A 7Y
100 . : T T

BRI L

WA

14-1; B METY

2ER, UK EE BB, TR0 1752 AP AR brofe D il A B S SR AL A R
— /™ W bR 2 & & 4% (coefficient of determination) B¢ R -F7, FRFRIIAILN
B A &5 R AR 3 b S A SR E 4 b

def total_sum_of_squares(y):

"""the total squared variation of y i's from their mean"""
return sum(v ** 2 for v in de_mean(y))

def r_squared(alpha, beta, x, y):
"""the fraction of variation in y captured by the model, which equals

1 - the fraction of variation in y not captured by the model"""

return 1.0 - (sum_of_squared_errors(alpha, beta, x, y) /
total_sum_of_squares(y))

r_squared(alpha, beta, num_friends_good, daily_minutes_good) # 0.329
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BAE, FATCLEE T A TR ZEF 75 18/ MUY alpha Fil beta, FAIERFEMTE A4 “&
TR mean(y)” HyLkiAR! (HD alpha = mean(y) H. beta = @), FERIRIEFT5FIELS
FHAFEF S, XEERELASRE (RFEFH) AR, RUBA (B, fEXFHEN
) JLF RAEHmEE,

RUIE, B/h SRR R 22 AN 5, o R ZZ00°F 5 Rk X b F 5 BN, g R P
Jit/N Ay 0 IR, [, BRAIRZERTF I AR 0, FREAR P ELA 1,

ROPTFAERR , BEWIRBER B L& bl . fEiX L, ROCFITHIIESH 0.329, BEHIEERY
XX SR A AR R, BRI IERIR AL R = AE R .

14.2 FHEBE TR X
R ILATIC theta = [alpha, betal, ARZ At ml LS #E B T Bk sk 24

def squared_error(x_i, y_i, theta):
alpha, beta = theta
return error(alpha, beta, x_i, y_i) ** 2

def squared_error_gradient(x_1i, y_1, theta):
alpha, beta = theta
return [-2 * error(alpha, beta, x_i, y_1i), # alphafli S5k
-2 * error(alpha, beta, x_i, y_ i) * x_i] # betaflp 5%k

# VU TE A I G

random.seed(0)

theta = [random.random(), random.random()]

alpha, beta = minimize_stochastic(squared_error,
squared_error_gradient,
num_friends_good,
daily_minutes_good,
theta,
0.0001)

print alpha, beta

{8 FHAHIFIIEAE, FRA1753] alpha = 22.93, beta = 0.905, X 5k EZEH LT,

14.3 wmAX{SAMHEIT

B2 S B H/N " ReikVer Hd—/N RS & KM A&+ (maximum likelihood
estimation) , fRIXFMIIEARFEAR v, v, IRM IR FNIZ S 0 B2 BIMEER A5 «

p(VI’”.aere)
SEIRATAHNE 0, (HRATUARE SOk BE 25 EHEA S 0 IR X A28

L(0|V1, o ,vn)
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B RX AN TT1%, 0 B T RERY E A S K ALIX AN USRI MEL,  BIVRES i i B =5 7= A WL
BAnafa, A2 BARE=R A0 o8 B0 EE =8 R s B S AAUE UL T, AT T DA ]
FERTE .

TR E] X AR, T8 2 e AR B, Sl R e R R 2R AR S A, Hy
680, HHOMPRERE oo ARRSRXARATIE, A2t T DAl T i ALK el SOk iR
a F1 B A (x4, y 1) BYRTREPER/D T

L@ B1%,7,0) = \/;I—Gexp(—(y,—a—ﬁxi)z/Zcfz)
T L 2™ e A RS TR 7 A BB T R 2 B, (R 4 520

*F-J5 Fike /N alpha il beta iy rlRER AR, HA)iBUL, XML T (RiFxLE
(Bi%), fwe/MEBRZEERIE T ARG T R KA A A Al RETE o

14.4 EMHES

THARSE T B335 15 BT 2819 2 Enl 4454t |
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B15F%

ZEOARHH

ATAI A —ARMA, HELTRmANGEE,
— R MR

AR AL PR PTIAS T AR R, (R IR T LA 4. Ak, fRWCEE 785
Bifg: TP, AT bR TAEL /N, FRGE A T b oA L
AL PRAT S X LA TR SO R

B, IRIgH T A 2 AR RSP
minutes = a + f,friends + f,work hours + #,phd + ¢

BER, HPRGHA L e E BB RE, BRI 11 EEHREIR, JATRILAS
A=A EMEF, HEXAEEET G, R el L, RZNERREA
b, XA RE IR AR B AR A A BUE T,

15.1 =HY
AR RS 14 RER LA TR A PR

yEa+ e

BUE, RN x AR ET, T — A BT x L, kBRI, B2
FRATIAY 2% [ VAR B %A -
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yE ot Byt o+ Byt g

T ZEEASHRTL, S8 @ ERAY po 1A XA AR AE - EEOR, A
s, RS BAIREE Thi in— SR

beta = [alpha, beta_1, ..., beta_k]
[l -
x_i = [1, xA1, ..., x_ik]
ML, FAVIBAT TR T 51 R 5 LB -
def predict(x_i, beta):

"""assumes that the first element of each x_1 is 1"""
return dot(x_1i, beta)

MAGNNE, A& xR -ARERIER, BOYIRITHEMTIR:

(1, # #HI
49, # MAH
4,  # HHTIENEK
0]  # BN

15.2 H/PMFREBRHF—TRIK
ST RATOBE (R RN MOMISTE) A, TERMBIT R, 40535 25,

B MR AR x BT & L X1, BIE(—FI a3t AN 22 H A Z B md R, anfix
AMEAEA AL, WITCHifliit beta, SH T TR ERIIIETE, TSR B A — %0
AU % num_acquaintances, JfH¥T&H— /PR ULEES T num_friends,

WLy, FFFAL{] beta, #nE num_friends [ ZEHE N T 3/ 40{E, 1M num_acquaintances 19
Z RN R MR RIBE G, BB BTG & R EFAAS . Wl g i, AVRAREA
MG num_friends (5%, GEFRUL, X /MEIXMEFE - BRASX2HE,)
BAEEMRIEE x WEVIS5IRE ¢ TR, WRXANMBAEA KL, *F beta fliithss
HI ARG R

Ebtn, 758 14 2, FATE BRGSO, H P am—A A, & RIEEM
b bR Rk Sy £t 0.90 5 %h,

MR T, &8 FFHED,

o TARIF A A AE Wt _E A IR AL
o MAE Z WA T TAEE R,
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st ld, Rik “Lbrry” #A.
minutes = o + f,friends + f,work hours + ¢
FH TAER RIFH A B RS AR . ABFERDIE, PR TR/ ME AR AR R iR 22
minutes = o + f,friends +
AT 1o

ZIE—T, AR AR SN p B kbR (A, AP X R MR 2 Anfl .
(IRED, X AMER A AR ZER/MERY “SKbr” #AY,) X, i TARR (A ELEK O ok
B, P AERITRINE AR /s % TAER A EE B AT A PR B, 7 AR PR A A Sk
KRR >0, HRREANT S T7 HLeHEE, T TR RS A R B IR
1, Xk ERE T N ACK A 2 B PR, A A TN EAE AR A/ XTI ACKL
SRR PR, B HTIIE AR R R . XSS R, BT LAl L FEAE 6,
MO LHE R D> (BB iR ) MOiR2E, BIIRZER/MUR g &/ T “sibs” HY. sk
UL, ERXMELT, BRI R TR . —RfiE, HAZRERASK
RAUATERZERS, FeMH /b RS AT g A Rt

15.3 UEHER

s (GO ] B PR B AR AE AT B R S Sk — /N RS e/ ME IR ZE RO T AT
beta, SAALLT-h77 RAKEN—MRFARIME AT A — R S e, Bk, Fefi 1k B T4
JET B, FIFRATE S — A MERTIRZZ R L, X TRELER TRk, TR
SIS B 05 DR 22 «

def error(x_i, y_1, beta):
return y_1 - predict(x_i, beta)

def squared_error(x_i, y_1, beta):
return error(x_1i, y_1, beta) ** 2

AR IRAEAR s, LA TR S T TR
def squared_error_gradient(x_1i, y_1, beta):
"""the gradient (with respect to beta)
corresponding to the ith squared error term"""
return [-2 * x_1j * error(x_i, y_1, beta)
for x_1j in x_1]

AAYE, o BT .
ZU, BTk rT AR FHBE LR BT Pk 54 LR beta T
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def estimate_beta(x, y):
beta_initial = [random.random() for x_i in x[0]]
return minimize_stochastic(squared_error,
squared_error_gradient,

XJ y’
beta_initial,
0.001)

random.seed(0)
beta = estimate_beta(x, daily_minutes_good) # [30.63, 0.972, -1.868, 0.911]

XAERYIE, FATTATBE AR B T

minutes =30 .63 + 0. 972 friends — 1 . 868 work hours + 0. 911 phd

15.4 fERHEE

VRBLZAE BT 2 BOR AR 25 (R AR R A5 DL T B4~ BRSR B R2MA T A R/ D AES G 25 1
MR T, BEn— AN A, B RALAE W LR k& 2t — oy Bh, FEHAB SR (AR
FIREOL T, HPETAE B2 TE—A/N, B RABAE R L i ]k 23 08 0 5 57 B,
FEHAM SR MARTRI I O T, 0 T2 G P A R T AE Rl _EprRg e i) 2 2 HH— 4>,

B, eif (A RBEEZRMEAMELER. B2 TNABRPIAmE, TR
] A5 2 B N B AR AT REAe A —FERY, X MR A R B X — i, AR A0
XAEOL, —Fh RS IA—ARTE R, B AR 5 CTAERNRT 2R, X ARShR
EERE CTARRRT 09 R ECTUAREE W ABCR AR it (Sasb) o

A —FRTRE, MR NACHZ , TEAERE, R Rtk %, (Heh 2l —AER2ZE, B
A A B 25 S BAEAE PR ki L R R A8 /b (Sl AN ACK 27 R L A iR 36 25 TR Al
FE? ) AT LA LR AR B — i, T im s — A, BUIACECR -+ 7 .
—HENHRE MR R, ROTEEHEECMARE “FE7, XHTEmesRm, .
TR R, AR g A PR .

\ AY
15.5 EMHRE
WA, MR EE RENE, HWMESLTH £ 0.68 T

def multiple_r_squared(x, y, beta):
sum_of_squared_errors = sum(error(x_i, y_1i, beta) ** 2
for x_1, y_1 in zip(x, y))
return 1.0 - sum_of_squared_errors / total_sum_of_squares(y)

HRNEE T, S VR rh A e Sk AR S 3 R B PR R, AMRESIS, Al
TR P 1 B4 o U 2 B X ML) 2 o el R R g R i 2, B AR R (T X
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I REARET 0. BIt, HMRAIZICmARny, iR Ao i T A,

Bk, X FL2EBESFME, RITEEZEREAFAREZ, WHEREA p MG THER
AR

SR UL, BB RE S AR AT AL A FRATTAO B, (E, AR AELt B R R A SO Y
(BARRHT), AL RBORALE L RIIEXL T,

XX RS, (RGEN R Ol WA A — AT R, BIERZE 6 & SSL A IERBENLE
i, HOPIE 0, AriElRZER o (KA. ARRERIIE, A (BEE LIRS TR ME)
ATCAGE A RBOR B E B4 R BAARIE IR 22 T IXMIRZEHOR, ULWIRRL ) R B 52
Wk, AN, AT MR X R

15.6 @i5ME: Bootstrap

ERFAE —ADEH o MEHRRIIHEA, I H X R IR (R ELER) B
A 2 Y -

data = get_sample(num_points=n)

FE55 5 Frh, BANELHRE T AU EANESE b A B s, BUE SRR i A
EGOLUDE '

fHa, FRAiZanfo] 1 X Lefli THERY rTHEPENE? AnRAe ab v B A OB e AR E #4100,
W]z B B v 2 AR P RE AR 450 100, AnSRAEA h — 2 A5 BB HRE 0, 1f 55— I
FRIIL 200, ABABATVRARAERAE rh A BB £ b

AR IRNTREB AW HATHAIAEA, A2k 7T LA S A FAE AR B i 8, R gtix sk
A AU, (B, —RIXAABLERT . A, FRATRTEAFI Bootstrap SRR FH#THIAL
tESE, BNERE n AN EE RO EOR VBRI L4 2, 2RI TR A B B SR v 0K

def bootstrap_sample(data):
"""randomly samples len(data) elements with replacement"""
return [random.choice(data) for _ in data]
def bootstrap_statistic(data, stats_fn, num_samples):
"""evaluates stats_fn on num_samples bootstrap samples from data"""
return [stats_fn(bootstrap_sample(data))
for _ in range(num_samples)]

Bilan, 5T HIRA K

# 1014~ sUARAE R 1L 100

close_to_100 = [99.5 + random.random() for _ in range(101)]
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# 101/ 5, 5035070, 5051 200
far_from_100 = ([99.5 + random.random()] +
[random.random() for _ in range(50)] +
[200 + random.random() for _ in range(50)])

AR A B R P 8, S RBUENTEB RS H2L 100, 2K, ARIRFESE IR
B

bootstrap_statistic(close_to_100, median, 100)

KB E LTRGBS B 100, 2R1f0, ARPR%SEE T IEA) .
bootstrap_statistic(far_from 100, median, 100)

&KL, ARV 25T 0, 1 OB A VF £ 5 745 200,

55— h A7 59 standard_deviation 45T 0, ﬁﬁﬁ%::ﬁidﬂfi* [y standard_deviation T
100, GXFRERIIE DLl N TAS AR IRA 5 -G48, AR ol T A E HY,)

15.7 [EERBRIFREIRE

F AT AT LA R[] B 0 05 98 R fili T 10 V9 R B R bR A R 2. BT AT AR B8k R R
bootstrap_sample FEAS, JEARHEIX LEAEA fli T beta, AnRHAH &R (40 num_friends)
I RBAEZANFAE EBAK, B2k rT ARSI T b ™ 21 . anax A R 5L
BEEFEARI AR, ARk AREE 2 EIRAA T,

M —HEULHAN AL, SRAERT, TR0 19 ZH0EAE X Fgds v g —ike (H zip), LABACRXTH
AR F R AR AR b TR A, XM E bootstrap_sample JBiR [al—/NH (x_t, y_i) $dE
K RIIFNZE, I B 17 R L EH 4 Al — A~ x_sample fl1—/> y_sample;

def estlmate _sample_beta(sample):
""sample i1s a list of pairs (x_i, y_1)

x_sample, y_sample = zip(*sample) # Egﬁgﬂxﬁﬁﬁ¢r‘j5*t

return estimate_beta(x_sample, y_sample)

random.seed(0) # FTLAURAF SIS G HAY—HE
bootstrap_betas = bootstrap_statistic(zip(x, daily_minutes_good),

estimate_sample_beta,
100)

2, BT CAME AR R BIbRIE R ZE T
bootstrap_standard_errors = [
standard_deviation([beta[1] for beta in bootstrap_betas])

for 1 in range(4)]

# [1.174, # R, SKPRAZE = 1.19
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# 0.079, # num_friends, =ZPRiZE = 0.080
# 0.131, # unemployed, SZfRiRZE = 0.127
# 0.990] # phd, LhrixZE = 0.998

FATPTCME BRI “p, 5 T 0102 ™ Z2RmfRkik. il p=0 (AR5 & o4
ARAEAMERE) AT, WA

t,=p,16,

Wik ld, EXAGEETRMOGRED B BRUAMEERHAMERZ, EfFEaREA k1 H
FHEE” 2449 ¢ 9% (Student’s t-distribution)

ARFRATE > students_t_cdf s ¥, ALk LAHREA /D R ALK p (H, it
BRI R ECA 0 MG RXAMEN T REMEA 2k, A NBEITR, Sehr EIRMBEAXH
HIeRE. (BRI KB, )

BATT, B AR, ¢ o A B AR TE 500 i, FESR RIS, B b & AP 21
BT, OMEATCAER normal_cdf T, FHH MW HA CRICREAH
def p_value(beta_hat_j, sigma_hat_j):
if beta_hat_j > 0:
# AR R BOE IER, W FATTRZER T
# G W KA LR AN R R
return 2 * (1 - normal_cdf(beta_hat_j / sigma_hat_j))
else:

# NG W5/ IME RS2
return 2 * normal_cdf(beta_hat_j / sigma_hat_j)

p_value(30.63, 1.174) #~0  (FHEIN)
p_value(0.972, 0.079) # ~0  (num_friends)
p_value(-1.868, 0.131) # ~0  (work_hours)
p_value(0.911, 0.990) # 0.36 (phd)

(FEHABWEOL T, FAVRATGES 6 — A Fnid anfa] T35 ¢ o0 A6 FORS B brifl iR 22 e T
Bt )

BARKZBARN p EAAER /N (HAEO(E), H2 “Mhi” MAKERRE 2%
D, Wik id “Fh2e i PIREBIRFTRERBENLRY, To& LAY,

TE X 11 U1 5547 B o S BRSBTS e R 1 4 A (5 0 4 S A B vy
W, b A A AR OET, B B HT B BB T RS S, LMELEAT Fll
R, AR XS DL T AT

15.8 IEN

FESCERHT, Stk bl V2% AL B B A 1R 28 S AR SR, X ik =R 2 21 5 S A~
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. B, WRIVERERL, B G IGE T aBLR. Kk, JEERE
%, BOECHSEEENE L. RN Eiod a5 g, — A AEE =T R
AR TS Y S LT B BT A TR S AR T S A — 2,

BN AR IR TR I — A BT, Jf HIZE TSR beta pUM KM R, R,
TR IR R ZE RS T & A/ ME . B, ETImiekoR, stikagR; (kR Eod K.

Bil4n, fE% =2 (ridge regression) W, TR T —4~5 beta_t [1°F- 5 Z A IE LAY AE
T, (2%, A1 —BASET beta_o, FATEANFEI.)

# alphag— /S K, AR HIE TR
# TAHKPELIE" lambda" , {HiX fEPython 75 H Bt
def ridge_penalty(beta, alpha):

return alpha * dot(beta[1:], beta[1:])

def squared_error_ridge(x_i, y_i, beta, alpha):
"""estimate error plus ridge penalty on beta
return error(x_1i, y_1, beta) ** 2 + ridge_penalty(beta, alpha)

nwnn

Z IR VR AT A 5 (0 75 154 A T B

def ridge_penalty_gradient(beta, alpha):
"""gradient of just the ridge penalty
return [0] + [2 * alpha * beta_j for beta_j in beta[1:]]

nwnn

def squared_error_ridge_gradient(x_1i, y_1, beta, alpha):
"""the gradient corresponding to the ith squared error term
including the ridge penalty"""
return vector_add(squared_error_gradient(x_i, y_i, beta),
ridge_penalty_gradient(beta, alpha))

def estimate_beta_ridge(x, y, alpha):
"""yse gradient descent to fit a ridge regression
with penalty alpha"""
beta_initial = [random.random() for x_i in x[0]]
return minimize_stochastic(partial(squared_error_ridge, alpha=alpha),
partial(squared_error_ridge_gradient,
alpha=alpha),
X5 Y,
beta_initial,
0.001)

WA alpha 2 0, WIARAA S SCHEALMIAETT, X I 47 2 AY S5 R ER A 1 — A4 -

random.seed(0)

beta_0 = estimate_beta_ridge(x, daily_minutes_good, alpha=0.0)
# [30.6, 0.97, -1.87, 0.91]

dot(beta_0[1:], beta_0[1:]) # 5.26

multiple_r_squared(x, daily_minutes_good, beta_0) # 0.680

B alpha HUBR, HIAIREERRZE, [Hag beta X7/
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beta_0_01 = estimate_beta_ridge(x, daily_minutes_good, alpha=0.01)
# [30.6, 0.97, -1.86, 0.89]

dot(beta_0_01[1:], beta_0_01[1:]) # 5.19

multiple_r_squared(x, daily_minutes_good, beta_0_01) # 0.680

beta_0_1 = estimate_beta_ridge(x, daily_minutes_good, alpha=0.1)
# [30.8, 0.95, -1.84, 0.54]

dot(beta_0_1[1:], beta_0_1[1:]) # 4.60

multiple_r_squared(x, daily_minutes_good, beta_0_1) # 0.680

beta_1 = estimate_beta_ridge(x, daily_minutes_good, alpha=1)
# [30.7, 0.90, -1.69, 0.085]

dot(beta_1[1:], beta_1[1:]) # 3.69

multiple_r_squared(x, daily_minutes_good, beta_1) # 0.676

beta_10 = estimate_beta_ridge(x, daily_minutes_good, alpha=10)
# [28.3, 0.72, -0.91, -0.017]

dot(beta_10[1:], beta_10[1:]) # 1.36

multiple_r_squared(x, daily_minutes_good, beta_10) # 0.573

R, FEESETHAER, “Hhei” MRKSER 0, X5RNZETHIEERE 5
1, Biel oA BEX S,

FEFIEA T 200, TR, DA R [R] — AR
AFREILAE B — T A UA AR EAE, A2 B/ ik R Bk g in
LA, IR BIR BT E TR,

A AT lasso [1H, BHIRYAET T a0 T Bk

def lasso_penalty(beta, alpha):
return alpha * sum(abs(beta_i) for beta_i1 in beta[1:])

B R, W B AR AE T S e/ R B, (B2, lasso B AE T A I B fE R 5 A 0
B, XEREEE T IMmER, A NSENE, BAEHTEE TR, XBE®RER
T MK TT AR iR ok i3 A ]

15.9 EHES

B M B AR IE ) IR S . 28 T X LT R BRIe,  URTR LG 1A B BBt
4B, BRI R TR,

scikit-learn [ linear_model % #t (http://scikit-learn.org/stable/modules/linear_model.html)
it T —/ LinearRegression #i AY, ‘BERIRATAIEE AL HAHIT, Beoh, Bikfeft T
Ridge [l J9F0 Lasso [al 4, AR HAth 2R E NI RS .

B —A~FA5£ 11 Python f5ibk & Statsmodels (http:/statsmodels.sourceforge.net/), EHLALE
T ek R AR R £ oA N 2
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B16%

248

#E AR, RIFRTZRIAA—EZIE, ERAKIFAN, PIRE—EKZE, AEXHZA,
_L—b;']‘; . m $|J

B 1 B, FRATE A 2B T Ao el TR LE DataSciencester F F14x s A5 H P, T,
M PRt — P 2X A W],

16.1 |9

A4 200 ARE LB, NEBEEANH PR, EABEEFE KN TIRER
AR B P (B 16-1), RAEH —H:, X TRBIAVER, ENMREE2
20 (MBI, Eak 1 (I3 F).,

QAT —FE, AR AR TR B ESE R, Hpda —1TE& — 153 [experience,
salary, paid_account], TTA, A PRFFEEH R ZRIME.

x = [[1] + row[:2] for row in data]l # A IC=HBE[1, experience, salary]
y = [row[2] for row in data] # WA TCEAE R

TREAE, 55— DA A 2l P Il VA e 5 P i F A R

paid account = f3, + f,experience + ff,salary + ¢
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B 16-1: IRAPAINIEAP

IR, AR AT ARXA MR TR T T, WAT1CLF R T,

FERANE 16-2 Pios:

rescaled_x = rescale(x)

beta = estimate_beta(rescaled_x, y) # [0.26, 0.43, -0.43]

predictions =

plt.scatter(predictions, y)
plt.xlabel("predicted")
plt.ylabel("actual")
plt.show()

[predict(x_i, beta) for x_i in rescaled_x]
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THRMME

B 16-2: ER%EQIPBMUNERP

ERRS i P &Y (LRt EPSDILTH

FAA AR 0 86 1, MKW SIBTRA, Anfa t E AT 0 Fn 1 Z [l
W, ABMARAS, PRAFRATATLCR AR AR ——an R (A 0.25, WTLAZIRBCA
e A ATREMEDD 25% ., {Had, ST E A IR 2R RV IERT ) 2 1,
XIS A A ERE T o kB b, XA VR 2 TN E

LMk B BE x B & FI IR ZEAARSE , (HagiX B experience —FI [l U4 R %A 0.43,
Wik, Blaft e AR, M rTRESCA M BT P . X Bk T IRl A A
KIHIN, BB — MR (BRI E, AREHKARER 1, Wite
B H AR (RDEE R A AR TR ) , 6 B R ZE A A B bk . P X AN A
AT beta AT A I

FAB, RIS DL X HERY: a2t dot(x_1, beta) AUt {2 BKHIIES, AAik
EXFRATER BT 15 AR R — VR 8L, ALk xR ERIL 0. Ak,
A TAT AR 55— A~ B BOR KX FHAICR o
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16.2 LogisticiF %}
MR, Bl 1S Logistic B, FHE @A 163 B

def logistic(x):
return 1.0 / (1 + math.exp(-x))

Logistic A %

1.0

0.8

0.6

0.4

0.2

0.0

-10 -5 0 5 10

16-3: Logistic [

BE B AR TR BAFShIE, TRt BRI 1. BEERM AT K HAF
SohR, BRI RS ORI 0, BRAN, XA ERBOEA MR AR R, BUHSH
AT A AR s

def logistic_prime(x):
return logistic(x) * (1 - logistic(x))

X AT LUH T AR .

yaf &) + e
Hrh, f#oR logistic E%L,
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BT, RS, R Fe MERFZRE T Z T R AR, &
23 tH A 15 2 LERLIE R B AT RETE R K HY B

Hag, XEMEIFAZEORT, FrEARNTE B0 AL TSR KA AR . kA i,
BT TR R B IR

B, FMHIBTAR H A y, 5T 1 AR £ (0f), 5T 0 IR 1 ().

R, y, HORER 2 R ECh -

p(yl | xi’ﬂ) = f(xiﬁ))’: (l_f(xiﬂ))liyl
1=/ (xf)
HAang y, 2 1, MZERET

S xp)
FLRW], SRR ALK S ] g — L.

logL(B|x,,y,)=ylog f(x,B)+ (1~ y)log(l- f(x,/5))

TP A R A DR S R B, TR (TRERS B KA AT IR B ALY beta A SR HLEE R KL
RS, 2R,
def logistic_log_likelihood_i(x_1, y_i, beta):
if y_1 == 1:
return math.log(logistic(dot(x_1i, beta)))
else:
return math.log(1 - logistic(dot(x_1i, beta)))
AR T MRS & A FE s 2 AR T RS, IR A B R B AR st SADBR 2 AR . i f) ik,
R BB AR A & AR EADSA ZFD
def logistic_log_likelihood(x, y, beta):

return sum(logistic_log_likelihood_i(x_i, y_1, beta)
for x_i, y_i1 in zip(x, vy))

FIR DR R, FRAT TR RER LR T
def logistic_log_partial_ij(x_i, y_i, beta, j):
"""here 1 i1s the index of the data point,
j the index of the derivative"""

return (y_i - logistic(dot(x_i, beta))) * x_i[j]

def logistic_log_gradient_i(x_i, y_i, beta):
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"""the gradient of the log likelihood
corresponding to the ith data point"""

return [logistic_log_partial_ij(x_i, y_1i, beta, j)
for j, _ in enumerate(beta)]

def logistic_log_gradient(x, y, beta):
return reduce(vector_add,
[logistic_log_gradient_i(x_i, y_1i, beta)
for x_1, y_i in zip(x,y)])

7, BMOAIERMNCR T FRE T,

16.3 [NAER
IAEFRA 1B B s 5 A — AR EEF— AR E

random.seed(0)
x_train, x_test, y_train, y_test = train_test_split(rescaled _x, y, 0.33)

# A AR NSREARE BRI SR
fn = partial(logistic_log_likelihood, x_train, y_train)
gradient_fn = partial(logistic_log_gradient, x_train, y_train)

# R —A B AR R

beta_0 = [random.random() for _ in range(3)]

# IR R T P S BL R R AL

beta_hat = maximize_batch(fn, gradient_fn, beta_0)
T, VRl UL FHBE ARG T P«
beta_hat = maximize_stochastic(logistic_log_likelihood_1,

logistic_log_gradient_1i,
x_train, y_train, beta_0)

Jeve AR5, A AR BIRB A T RIS R «
beta_hat = [-1.90, 4.05, -3.87]
X SEH R IR R BRI R, Ak, FATd ol DA H 4 A I da K -
beta_hat_unscaled = [7.61, 1.42, -0.000249]
A NP, XL REOA etk A R BB S) TR . (EHAb S MHEB M RIS 0L T,
TARFRREHIN—4, logistic W ARG 1.42, fEHAL S AEBAHEIRIE LT, FH
FEHEHN 10 000 3E7C, logistic MY AR ZTIRZ 2.49,

SR, At I EE RID 22 B MM AN BAERTEN . Anft dot (beta, x_1) WUECAMRAT
RS THERIRIL 1), AP BNEEFEMAYIE, AR EA 2 KRR T el o,
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A B RSN — 5, PR 2y 7 e W B A RO

WA, RS AARRERIRE LT, TAEARRREE 2 i N wTRERCA M B P . IRl
Hb S ARG DL T, AR TRk (0 R rT R B A 3R P, (A TR R B 2 i 181 3¢
AR, X — st EWIE.)

16.4 WEME

ATk, R DESA B HRMIRESE, THEER, RBATHM A AT &R P
It KT 0.5 MIES &AM 4
true_positives = false_positives = true_negatives = false_negatives = 0

for x_1, y_i1 in zip(x_test, y_test):
predict = logistic(dot(beta_hat, x_1))

if y_i == 1 and predict >= 0.5: # TP: AT P, HARATFCA &

true_positives += 1

elif y i == 1: #OFN: & f2R P, ELARATTT O, o
false_negatives += 1

elif predict >= 0.5: # FP: AEAHER P, BLIRATITRM A2
false_positives += 1

else: # TN: SRR, HERA T &

true_negatives += 1

precision = true_positives / (true_positives + false_positives)
recall = true_positives / (true_positives + false_negatives)

% H A AEZR ) 93% (BP4FIMI 100 YA 93 Ik ERI), A420 82% (B4 100 /4~
WH g, IROREE TN 82 AN N), X MITFEARERAE Y 5,

FEIE 16-4 w1, FAIZaH T ARGV TINE 5 R PrERILLEG UL, B i RIS R B
W

predictions = [logistic(dot(beta_hat, x_1)) for x_1 in x_test]
plt.scatter(predictions, y_test)

plt.xlabel("predicted probability")

plt.ylabel("actual outcome")

plt.title("Logistic Regression Predicted vs. Actual")
plt.show()
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12 ARV A TR 5 S b

1.0F ° ) e e ooe e ome .

0.8+ .

0.6 + .

bR A

0.4} 1

0.2 .

0.0+ DO o © COH0 o ° 1

-0.2 I I I L
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

B

® 16-4. ;21E0PNFNESEIME

16.5 Z#FEEMN
Dot(beta_hat, x_i) T 0 By mmt&FA 10 2l f ek, B 16-5 iR,

XA DR LR Bk — A -F & (hyperplane), $§Z %28 A — 4 oh ., —2%f B TR %
AR P, X RE TR A A R P FRATREL, AT SRR LZ R
FErb g — AR i 2
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&
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e oo IR
o b AR
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ER{(EIEIN

B 16-5: (FERAFPHFTERFPHNHTELR

BN, BRI, BISHRIEE  R BRI ABAR > J R Rl BIEl, X
LR B2 LA ® AL (support vector machine) BAR, BISHRFHIE B4 28 I i 1Y Bkt o5,
(I BE B e RALIEE 1, 40 16-6 Bk,
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10+

=10}

-15 -10 -5 0 5 10 15

16-6: DLBYE

SHGX TR T I RS — A B LR R, ANt ax LR R B A TR R &
BT o BOAARWIEERE, 5B PO R A, FRRE, RN
Ut 7 BdREY, BAREMAT B ARG B P g e oy PR B 2k

el CHI) TES AT BRI 2] — A ey == iml b, Gilan, (e RE 16-7 Foni
— A BAR IR
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e PR
eoe fikEA

B 16-7: TEDRN—4=EEIES

RN, BT RS RHX LB A SRR SRR k. B, Al x B
(%, xex2) RPFEAR MRS B A T gEsinl, WAVE - RS AT L2, IR
HIL TR BATREBHH o PR BRI Pl 1, 4nl&l 16-8 FiR.,

RIBHFRAM 7 & (kernel trick), PR EAYTCER rAMe b 208 s ez ) (AR Kot
BB LI AW E R, XA SRAK), Mk, HATTEAMER “&7 &
BOR R m 2 m i, R e R P,

WRAEI TN ERE LTS, B RE OF RBA—EL—14F
EE) AASHRREL, B, AR ERrasieA L.
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4 IEFER
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B 16-8: AESHTEPHELNIDRE

16.6 #EH=ES]

« scikit-learn 7 [] 5} $2 fit 7 3% %5 8] 19 (http://scikit-learn.org/stable/modules/linear_model.
html#logistic-regression) F 3 #F [n] & #L (http://scikit-learn.org/stable/modules/svm.html )
(RIAR SR e,

o scikit-learn SZPr A& H libsvm  (http://www.csie.ntu.edu.tw/~cjlin/libsvim/) 3 SEELAY X
FrimedL, FCmnh B4R AL TV 2 SR a EALTG AR S5 ok
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BI17E

R

H— R — AT 93,
—— 54 - RfEM

{Ee 1% DataSciencester A\ Jj gl il ik Wk F 48 TV 2ok HRE, K T AT, 245K, ]
MR &AM, bW T —HE s, K EFEE A KIEE R (ZMEr) FR
VIS ARG O BUEM R IR 1. RE A FHX SeR i e Sr — A8, T TR 1 H B 2E o
WaE RS @I IR ? AR FTLARDIE, ARk AN 400 BRI R34 TR I T

XA AR AR & A FIH % 4 (decision tree) Jefifpe, FRBEDRHH, REIEFIFK
T HAE R 55— R Pl T A,

171 4R RER
DL RhE R EE S TR & T HERY 2 % %442 (decision path), LM AR IRAIEEH,

R Z miBtid —+1n] (Twenty Questions, https://en.wikipedia.org/wiki/Twenty_Questions)
XA TE, ALV Rk PR IR T, 2R -

o WA —FhEht.”
o “BAREKLL LML 7

. “|7:|:0”
. “ﬂuzug? ”
. “|7:|:0”
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. R
® “ﬂEz o ”
. e 7
o wf, R
R B EINTE

AL S KMET — ALY — CHIBUES oM ET — R T Xate —ERERIRAY
(MARAEFTEIZ) “JEahty” BIDHERs, anlEl 17-1 Fir,

A5
/ o i
T AL
herzi? MR 7
B IAE =5 =/
BRI H55 CREIEFRI ) IR IR R )
e T3 ) 75 1T 2 ESiN Y EFf?
ﬁ/\% ﬁ/\% ﬁ;AZFé 14?/\ s
LR || ETRE %?}HE?F!" ! ICF ! | | B! || g 1

B17-1: “BEp¥” R

RAFPARESFE AR Z L, I HARK 5 T RUANRRE, [RIN, 2EATHEWT R FRd 2 52
AEWN . SARASHTE SRR, SRR BT AR AR A BIR & 7 — BB
(BilankBAe) Fngcftmtt (Glantfnz / AhFg), B n DO i de i Bt 1oy 2.

Aid, SR —H ISR " SRS R REN TR, (%E
FITHR AR, FATX SR — PR B AT RIS AR, AR B L P SR, B 40
b, HEAREL RN, HREHS Pk, ) EREEAE, R RN R %
Gy AR PR B ) 2 S IR, AT S OB 0 oK 8 WLk RO B RO RCR KAT 9T
o RTRA G, Bl M BE PR o
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KLZENELF RS 43 o o & 3 %kt (classification tree, ‘BRI FZFIPEE R ) Fie iz x
SAt (regression tree, ‘BHMHAESIALE R ), ATV E S48 J0 ki, R
it ID3 RSARYE AR IC I EOHE e R i DR, X B BT R AT i e SR AR SE Bz
FAHL, S s L, Fel D R HCE B R A R R, “FRiZ AN IR XA~ g
F 7 CRPAZS XA WU E RS ABESTE B T E e T NI A=K R
RBHIXEEEYSASKE? 7

17.2 1§

h TSGR, AT E R HWPLER,  DLRX L6 a AR IR B A 44
WY BB — oA BEE, KA AT E Y DB, ms—2ENKINE, 4
HLEIZEY IR AL ARG, AT AR T e e RErE. (B, XIFRATE
BREam R AT REE . X T — A T RERI AN, AT THE T LIRS 0t ol Ax iy T RIS
il i — 265y .

B OUT, BT 2R IR B0 L BAT RE S 20 DL SOt A Tl 422 (it 38 2 15 LA 2 SR Y )
W, ARA AR R, JREARA T WIRHRETHY True, WA Zh 67 BIN
feckan i oh False (RRZIRER), ABLXAFRRIFGE A ZRRBANEL T, MR, aR—1 2/
TR E R E H A REA T B8 15 BHVIE, A e e — I rriEsE.
AV (entropy) XAMERARN “BEER", AN, XML E HRFORRELEE,
FEXH, BATHERFIR GBI A AT E .

BREHNA - Bt s, BABARTHEARY] T AR A2, BT 8 T4 MR35
Cioy G B —Ffe 2R A £t sifB @ T 6 — 28001, AW A FFEATRENE T, X
b T BATE R AR S T . A REE R S oy A AE & A 2B, BB A A HE T
R, X FATUE B A BRI

MEART R EER B, Aok p, 2R ¢, 2RI TP BEAR T S RILLBI, B2 el DB E LA -

H(S):_pllogZPI_ . '_pnlogan
i HGE H 19205, Olog 0=0,

HHFXANE S, ARSI OH AR AT, REWHEAE A —plog, p, TERZEIERAT,
FRH2Y p, BRI 0 8 1 I, REIEREE 0 (ufRE 17-2 Bror) BlH],
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0.6 - T T T

0.5 1

0.4} 1

-p log(p)
o
w

0.1} i

0.0 . . . .
0.0 0.2 0.4 0.6 0.8 1.0

17-2; —plog p @&

XERERE, 28— p, BT 0 8 LI (BI 25 K80 BB EDE TR — A2 ), ik
By ML p AEEE O (BB Iz A T A2 200 ), sk, XERRK
I et

FATTAT LN 55 26 s BT SRS A — A BRI

def entropy(class_probabilities):
"""given a list of class probabilities, compute the entropy
return sum(-p * math.log(p, 2)
for p in class_probabilities
if p) # ZWEE A RE:

FAT R o Xt (input, label) ZHBKMY, Xk ik & JAMERFERATA DAL
o WEEBRE, BINDFAROIRE SR ZFAREE, BT AL .

nwn

def class_probabilities(labels):
total_count = len(labels)
return [count / total_count
for count in Counter(labels).values()]

def data_entropy(labeled_data):
labels = [label for _, label in labeled_data]

188 | $E17E



probabilities = class_probabilities(labels)
return entropy(probabilities)

17.3 HEIZE

ARk, AT TR A BRI AR RS (B “ARRE ™), 9br b, RH BRI
L, HBEHRH AR, MENE RS FA— 8 CERTRERITEULE) 24
FH. Bilan, “OA ALY 7 XA RIREBAT S o A AR LA B (i)
FHEEFRARIBEL LAY (AnHE)

FARLH, AT B SRR o B SR o IR O . X T EAKIS Tk, ik
RN IRARSEAL (BIRRE PR ) 9IS, BAOTUGX AR iR, Rz,
RERNOFHEA BoeRLIH) ks BIAFEMERS) 1iE, RO AR5 75
e N GENEIR

ildn, ®iE RAFNEFARED” g - EE A (e KRR EE] ) BIR-,
KA EAERIAR RS Yo S, ={ BHEE ) T Sy={ BH& Z MO — D054 ) MiA-T-2, T S, X
MEEACGERIE S, (RS, THREAM, HEHRRERRRR R0 hry—/h

57e)

R b, R IBATHEEAEIE S K5 AR5 S, S, & TSR BB R el
R g1 s @ ATV AT LAE L 40 T SRR T A TR 0K 53 B 09 -

H=q,H(S\)**+q,H(S,)
NIRRT .

def partition_entropy(subsets):
"""find the entropy from this partition of data into subsets
subsets is a list of lists of labeled data"""

total_count = sum(len(subset) for subset in subsets)

return sum( data_entropy(subset) * len(subset) / total_count
for subset in subsets )

R EERI—A RS, il BAVE 2 A [ B B R e P A i &l 2o O 1
RS T AT S Ead KRR, Blan, REmA—KWIT TE, Ji=
R — 285 BRI A UIZREE, HESL— A~ DR SRRER TR LE 2 P R AT REHE
AR, A1 — PR BRI T A% PR RIS (SSN), 4n
RFIH SSN SR Kl b A7 Xl 5y, MLARBW BN FEBAEE TN
B, XAEIE NS ER 0. (B, XAEET SSN SRR A —E
BT IZINGEEZIMNIESE . HTRAEA, IREOZR R R (S
i, ARESERTIE) A EAY ] REHUE Y SRk O LSRR
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17.4 QI REKR

RLEA RIS T RIEE ARG TR, BAERF A IRIVEEEITER) (nput, label) Xf, Hrhifg
A AHIAE R R A & B R AR R — A M e, T AR BRI S 208 True (1%
RIPE IR GREF), #ooh False (IZRIRF ISR ZE) . BAkEL, i hirig
T A RIE R EOL. W HIES . 76 Twitter ERTRERAR B LR & 1 T 1240

S f 2
FEA.

inputs = [
({'level':'Senior', 'lang':'Java', 'tweets':'no', 'phd':'no'}, False),
({'level':'Sentior', 'lang':'Java', 'tweets':'no', 'phd':'yes'}, False),
({'level':"'Mid', 'lang':'Python', 'tweets':'no', 'phd':'no'}, True),
({'level':'Junior', 'lang':'Python', 'tweets':'no', 'phd':'no'}, True),
({'level':"'Juntior', 'lang':'R', 'tweets':'yes', 'phd':'no'}, True),
({'level':"'Juntior', 'lang':'R', 'tweets':'yes', 'phd':'yes'}, False),
({'level':'Mid', 'lang':'R', 'tweets':'yes', 'phd':'yes'}, True),
({'level':'Sentior', 'lang':'Python', 'tweets':'no', 'phd':'no'}, False),
({'level':'Senior', 'lang':'R', 'tweets':'yes', 'phd':'no'}, True),

({'level':'Junior', 'lang':'Python', 'tweets':'yes', 'phd':'no'}, True),
({'level':'Sentior', 'lang':'Python', 'tweets':'yes', 'phd':'yes'}, True),
({'level':'Mid', 'lang':'Python', 'tweets':'no', 'phd':'yes'}, True),
({'level':'Mid', 'lang':'Java', 'tweets':'yes', 'phd':'no'}, True),
({'level':"'Juntior', 'lang':'Python', 'tweets':'no', 'phd':'yes'}, False)

]

AR E AV L A 7T & (Z SRR, RS RS & 2k S 3%
T—HanfE) Faet F A QR RUCARN R HIEE R ) . AR 6E B A R LAY ID3 5
IR G R R, B B L T TRAn 28, (R3] T —2ebridid s, DAk
— AR T — 5 LRSI

o AR PTA BAR A ARRIRIRRZE B4 G — TR B A S5 R B A bR 2 PR R
RJEtEik.

o ARJEMESIFGE R (BIELEAE LW TSR 1), bk — APl s R oA B
WHIPRZ T, ARG IR,

o AN SR A E BRI AT RIS .

o BEHHA FARKI S R K 2 ISR

o MR YR A I — N DR SR T A

o BRI HREINEAS TR, FIRRSEEES Bk,

REAEPTER 0T R, WOAEE P, EREEREREA I A W T RE R
Bte, ARIRERIET LB BRARIA M, HEAERINTRES bR, aRgiX
FERYIE, XA R TCIER B XA SRR . R, BB B ORI, BIARX R
B TRE B BRAISE IR, BTUL, 8 ERMERR IR R 2 R A Y
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N LEFRAICAT 30 75 AL R RS E B e L e X e DT X AR True Fll False 4
R, BATRFIH 4 A @Y Rt i 28, Bk, 3T e Z At S i hag o
75k BV AT R BOR SE RS -

def partition_by(inputs, attribute):
"""each input i1s a pair (attribute_dict, label).
returns a dict : attribute_value -> inputs"""

groups = defaultdict(list)

for input in inputs:
key = input[@][attribute] # fHFIFFE B HERIE
groups[key].append(input)  # ZRJEHEX A AMNEERFZ

return groups
AT LA FIAR Rk TR -

def partition_entropy_by(inputs, attribute):
"""computes the entropy corresponding to the given partition
partitions = partition_by(inputs, attribute)
return partition_entropy(partitions.values())

nwun

SRIGFMTA TR ZEH AR A B 2 b B A B/ MR 23 51 B0 AT

for key in ['level','lang','tweets','phd']:
print key, partition_entropy_by(inputs, key)

# level 0.693536138896
# lang 0.860131712855
# tweets 0.788450457308
# phd 0.892158928262

BAVEER], FIH level BEATHY FINIRIR /D, FrLATRNTREEEA B — A "I HERY level (AT
— AT, BT M IR EEAR IO T True, XK Mid TR — A, R
L5k True, T Senior ZBIHIRINE , HARERLA True thfy False, FrLAFRATRG % —
FA55 -

senior_inputs = [(input, label)
for input, label in inputs if input["level"] == "Senior"]

for key in ['lang', 'tweets', 'phd']:
print key, partition_entropy_by(senior_inputs, key)

# lang 0.4
# tweets 0.0
# phd 0.950977500433

R, AT D RZRYE tweets HE4720%1, KL BRREMSEIE M 0 9E], % Senior
LA R HEE, tweets U(E A “yes” MIEZ L5 RN True, 1 tweets U{E A “no” 1Y
sy bR False,
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e, ARFRATTR Junior 2 IR R RS MR, e SRk phd HEAT RISy, TF
H RIS A L2 R85 R True, #2045 B 402 False,

Bl 17-3 A3RAEIR T 52 BRI DLSR

level?
Senior Junior
v Mid
tweets? HIRE! phd?
YE/\O Nf/\es
HIRE! DO NOT HIRE HIRE! DO NOT HIRE

17-3: 1BIEREM

& A 3
17.5 2Z8HI1s
BEARTRN IO 5mE T XA RE TEREE, T hstCA S i i 5 Rk seBlx MRk, X
BEWERMEERE WA FRRDER, X, TR HEE RS EIRFR R T, &
TT#E XA TS 2 —
e True

e False

e JC4H (attribute, subtree_dict)

X HAY True AR —AN5 8, ST AIZ S 44K El True; False W/ m—AN
B, BRI AT A IZ T SRS R ] Falses il IR — APk s, T4
N, ZN SRS AR attribute WO{ER AR R TR0 AdE 70025,

(EFRX ARG, AT TRFRES B SRR R AN T
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('level’',

{'Junior': ('phd', {'no': True, 'yes': False}),
'Mid': True,
'Senior': ('tweets', {'no': False, 'yes': True})})

A AT AR, BN An (T B E U R V(A AN R E R R . an RS
PR B R B ) level JRPEME Y “Intern” WUEHL, 1Zanf{aib EWE? FfiTnl L i @ hn
— A JeBE T None SRALBEX FPE IL, XN HEHE M AE R A B WATARZE B AT, (244K,
AR B S P CBR b ESA None SXAMERYIE, XK —MRERI TR )

WE TFRTIEE, BOVRATUS AR TR T, BAEmTIoR.

def classify(tree, input):
"""classify the input using the given decision tree

wnn

# ARG — AT AL, MR M HAE
if tree in [True, False]:
return tree

# BN A & — A HER 1R
# Rt I R IR R AR 1
# (HR TR B TR

attribute, subtree_dict = tree
subtree_key = input.get(attribute) # R AR B R PE , WK [BINone

if subtree_key not in subtree_dict: # anSfdcf 1#
subtree_key = None # NIZ=2E FHFNone -}

subtree = subtree_dict[subtree_key] # EFEIG 41T
return classify(subtree, input) # A e A2

I S BB A I R I SR B S i SR R B R R X
def build_tree_id3(inputs, split_candidates=None):

# AR

# IR AT st AL split candidates

if split_candidates is None:
split_candidates = inputs[0][0].keys()

# Xt A Y TruefiFalseit 45

num_1inputs = len(inputs)

num_trues = len([label for item, label in inputs if label])
num_falses = num_inputs - num_trues

if num_trues == 0: return False # A True, MR [B]—A4~"False "5 /A
if num_falses == 0: return True # E A False, R A —A"True" M5 4
if not split_candidates: # EAFEAsplit candidates

return num_trues >= num_falses # NI [ ZEMHT A
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# N e B i ek gk A5 Rl 5r
best_attribute = min(split_candidates,
key=partial(partition_entropy_by, inputs))

partitions = partition_by(inputs, best_attribute)

new_candidates = [a for a in split_candidates
if a != best_attribute]

# 32 U b Gl
subtrees = { attribute_value : build_tree_id3(subset, new_candidates)
for attribute_value, subset in partitions.iteritems() }

subtrees[None] = num_trues > num_falses # BN

return (best_attribute, subtrees)
FEFRAVFT IR b, AT R A HE R True AR, ARG -G
False i ANZH k. X TEMAE, PRI T X AN IIZREAE J R PSR EFR 5235, (HIRAT]
T DA & b P EIZR8E 2 s Bds Fi

tree = build_tree_id3(inputs)

classify(tree, { "level" : "Junior",

"lang" : "Java",

"tweets" : "yes",

"phd" : "no"} ) # True
classify(tree, { "level" : "Junior",

"lang" : "Java",

"tweets" : "yes",

"phd" : "yes"} ) # False

I, el DL€ R T B A i 1 S E R E A B -

classify(tree, { "level" : "Intern" } ) # True
classify(tree, { "level" : "Senior" } ) # False

AT 3R B A 32 SR R de TR D SRR, PRI BLOE T4 Bt S ok
FESLULER . SRR R, ARBLSE IR EGE -SRI, s
% (SR 2 RRERIEH) Fdi o BN, BlE Sk 1%,

17.6  FEHLFRHK

HTFou i SHII R AR EARE m, Bk, eagbim THAEHAI %, AT
BES B FPE L, TCAE B ALA4K (random forest) FHAC, FlIFHiZHE A, FATATLAE
LAY, SR eI P T B an T e A AT
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def forest_classify(trees, input):
votes = [classify(tree, input) for tree in trees]
vote_counts = Counter(votes)
return vote_counts.most_common(1)[0][0]

FAVIE, RERIAIRERE R RS R, AL A REAF BIRE LAY R 5 RIWE?

SR, X T EEX AR BEAT Bootstrap flARALEE X PR 5 15308 248 15.6 15 8
SN Bootstrap” JrZAit) . X AT AR R HVIZRE A 89T A B i A B Rk I 2R AR
DB, MiA2FIH bootstrap_sample(inputs) FYHUFESS RRIIZRAR R M, BB —
PSR BRERE A R B B Sr R S H b g SERAR L, ﬁ*ﬁ%‘ﬁﬁﬁ?ﬂ‘ﬁfz&: (i%
T3 18 55— AU Al AT UASGE— (o PR A B A AR A M A — BRI SRR, X B A R PR A A
RURCR MG AR 3540, S v DA B T2, ) XM AR EE 4n
Bootstrap % s i% (bootstrap aggregating), B {4 #% bagging 5%,

BEHLPE R 75— A SRR AE 53 JE I AT A 4 de B fix (1 (best_attribute) BEATXIZAYTS
%, X BEARULE TR BIEE TR, i SE M BEILE R —/~ 128, SRJE A
T LRI TR

# AR CAAFLE T LA R BRI R - BT, ik A 7 2
if len(split_candidates) <= self.num_split_candidates:
sampled_split_candidates = split_candidates
# A NER—AFELAEA
else:
sampled_split_candidates = random.sample(split_candidates,
self.num_split_candidates)

# AL UMK B e T v G 1 g (SR
best_attribute = min(sampled_split_candidates,
key=partial(partition_entropy_by, inputs))

partitions = partition_by(inputs, best_attribute)

AR R — M IR E T2 A, A% RS T (ensemble learning), ‘BHEMSKF
LA 455 9T (weak learner, W R m s, KITZEBR) A RR—AE s IR,

BEHLARMAIE S ATRATHI— BB AT 1, AT AR JL P24 vl L

17.7 EHES

* scikit-learn FEFE it T 1 £ P 5K BB AU (heep://scikit-learn.org/stable/modules/tree.html) ,
W4, BB 2 HE T — /> ensemble i B (http://scikit-learn.org/stable/modules/classes.
html#module-sklearn.ensemble), H:A1E1#% RandomForestClassifier L) J Hfh AR Bk 51,

o FATXHEAULATA T PR KRR BAIR, anRiE A S TP RIZ I,
ATLSE M GEIE TR (http:/en.wikipedia.org/wiki/Decision_tree_learning) FJ/rZ8FF4G542],
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B18F

PR T

REKRAGEA, B XA A RE R e
— A+

AL AP R 2% (artificial neural network, BXRIFRAPER LS ) 852 K B %k i T & H S i —
FRTTMIAR Y, FeAr TRl AFE K 0 1 — AFH B AR . B A LA i 2Ty
it oA, BEATAR TR, A RES B AR, WX SRR S AR IR,
DN B SRS BT IR A

FARLH, N T AR RZ N BN T ek, [RIFEATi A B TR T, g
LA D& SRR R, ELan P B AR S IR, RN, ZREE A RHE R
B KM — 1 SR BB 2%, SR, REBor MM #iet “Ra 1",
A, BIEEZZE T TARANYT, WARMESRE TR an (T ik R . Beoh, KA
MM INE TR DA R, A2 T “REFH" MEERFER, RIS
REEFEHAE & A2 AR, A8 — A, AIRKEFTE — M A T
RERUINE, BRUFARE LS 2 I AN RIESE

18.1 BREN=E

BFa B (perception) PIREEHE FATFILILS [, S Ui EA n A 2l AR A
MZTTHTAL I 2 2%, By i e S A B IBCRAD, ik 410, &
k2 W -
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def step_function(x):
return 1 if x >= 0 else 0

def perceptron_output(weights, bias, x):
"""returns 1 if the perceptron 'fires', 0 if not"""
calculation = dot(weights, x) + bias
return step_function(calculation)

SeB b, IR LR AR A x AT A B2 1 55 B A T
dot(weights,x) + bias ==
W R A, BN g RE RO Z R s (B 18-1), fldn, FATATLAGIE—A4>

51T (HD AND, ptRiid, HmAMAERA 1IN, &E 1, HEEAG A4 0, R
0), AN THR:

weights = [2, 2]

bias = -3
AR AT A 1, WHEERAH2+2-3=1, FllGEH 1, B2, REmAha—
A0, MITHEEERD 2 +0-3=-1, LA A 0, [, 2 RmA~4m AZRA 0, WITHE
Ry =3, Filiattie A 0. [RE, BABERTLIESL—/ &7 (OR), REBANTHIR:

weights = [2, 2]

bias = -1
15 Wi N SR 25 I e 3 23 [R) )
AND boundary
- OR boundary
1.0k ¢(0,1) e(1,1) a
h ~
\\
3
0.5 .
\\
0.0} e(0,0) N e(1,0)
h ~
\\
-0.5 I . N
-0.5 0.0 0.5 1.0 15
AL

B 18-1: NRARKBOIRRTIE
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FAE, BADEFTLAESL—AMHE1T (BINOT, B RA—/MaiAdG, HH S AR 1 #4h
0, [Zir8k), RAGANTHIR:

weights = [-2]

bias = 1
Aik, L[l AN BN T R, bedn, T pRanfa 23K, A CdhE e — A
JNEE A A R (XOR), BIFAHIAA R A 1, S0 A 0, XAMEN T, &
T3k T 2 T SN Z+ IR 2% T

UK, EHSLEHET TN, RATCHT MM e 2T, BT iR iRt i
H7T:

and_gate = min
or_gate = max
xor_gate = lambda x, y: 0 if X == y else 1

SRR SRR TTAREE . U URFEENERG RN, By R AV 2 A BRI .

18.2 HITRMHLZEMLE

RIsHFaA R AR Z, Bl TR DAL e EF 1F— PR AT Bt (feed-forward) #if
LML, LML B, BEERZMEITTHR, REREMIE, —RELT, #ib
MM A T RAR (BURARYS, REERESREZAAEE), I &&EL4
‘B ET (B BERR IR TCA R, X A TTUAET— BRI R A, AT RELE T
B, OREEER MBS T —R), Uk— iR (Z—ERftaZhm).

IEAVEEEGARE, A (CERA) M BA M ARSI S A — R, )
W, BATRH RIS R R RARE, HHIA LT R IRR AL 1.

RS, M T imams, KA SE 2T EMBLHE, TR ZEE
T, X B HARb Y step_function BB THIA SRUE 2 BIEE R, M 5P
RePRZ )5, i — . MR, X B A signotd pi%L, ULIE| 18-2,

def sigmoid(t):
return 1 / (1 + math.exp(-t))
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Step Function 5 Sigmoid g4 %

Lol = step function
|| — sigmoid |

0.8+

0.6 +

0.4+

0.2

0.0

-10 -5 0 5 10

18-2: sigmoid %

Iyt o fdi H sigmoid BREL, 1T ASAE B A 1] B Y step_function pREWE? K A B 2Rt 42 )
4, R HBOR s, mEE RS, SR I s S, TR ENE, R R A
PRAAbESE, B signoid BRI B T — AN AE# G i s Ol s 4 .

RATREIR LA, RAVES 16 T i sigmoid s%, AV Y FAIFRH
b logistic B4k, Tbr b, “sigmoid” FEAUZEAEAIIME, Wi “logistic” F§
M X PR R g, AR NP S I .

XA, FRATAEH R 1, AR TR

def neuron_output(weights, inputs):
return sigmoid(dot(weights, inputs))

A TEA B, AT T LSS IC ) RO — MRS, SRR S T Ci
ABCEIN 1, ARSI R RIACE . Xk, s MZ T DUHA AEmA) R4
BRIBIFRFR, i — Bt iR RIS TT T B — 1 P11E%
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Wit UL, LML () FIRR (WD) FIRr (&) FIFsk#EoR.
A TIXFFRRT %, 2L R SR &

def feed_forward(neural_network, input_vector):
"""takes i1n a neural network
(represented as a list of lists of lists of weights)
and returns the output from forward-propagating the input"""

outputs = []

# BRI R

for layer in neural_network:

input_with_bias = input_vector + [1] # HA— R A
output = [neuron_output(neuron, input_with_bias) # S

for neuron in layer] # T
outputs.append(output) # idfEe

# SRJE T — BRI X — R A

input_vector = output

return outputs

WA, BAVERE MBS mie sl 1 7, XM ERERL T, bl MR
i S REAE, EREEST neuron_outputs FEHHRIL 1 80 T -

xor_network = [# hidden layer
[[20, 20, -30], # 'and' 0
[20, 20, -10]], # 'or'tHZIC
# output layer
[[-60, 60, -30]]] # B KA R T IR A AT

for x in [0, 1]:
for y in [0, 1]:
# feed_forwardA: pf A3/ #h 28 TT I
# feed_forward[ - 114 H EFh 4 e o4 H
print x, y, feed_forward(xor_network,[x, y])[-1]

0 [9.38314668300676e-14]
1 [0.9999999999999059]
0 [0.9999999999999059]
1 [9.383146683006828e-14]

H OHE R R
Ll ol o)

I TRIEE, ARG A 57 saTfi—A "8 METhmtines “E—1
AR T AN AT T XM M TR, sl “SiaRAE KA
T HsRMEER", XEbs Lt AT F8usR, WA 18-3,
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B 18-3: BTELMRIZELME

18.3 R [E{&#&

WHEEOL T, BATRASUATE RS ML, oy JRE T, w2 M
FLEBCR R R, Eean B GRS Al BE & BB A Bl T By sl 2T, b —iR5 A
i, RMTEF o i HEEA T X ST HET

FHIC, BATSARAT T — BRI SR 2 2, — A TAT R IIZRIA D2 I ) 1% 4%
(backpropagation) , ‘B5HTHEIAT 231t ARSI RS LA AL,

[RAnFATE — A UNGREE, Horb & G F A 1) S RAE B2 R ARk 1) &, fFil4n,  Aif i xor_
network (5l -Hr i A IRl oA [1, 01, xR H Akt a5k (1], [, BEdamm
KO —HNE, BLE Tk, WATEFEERL T RS A LA,

FERA TR i bz AT feed_forward, AT #5192 BT A £ TC R .

AR, LA GE A RE, B ERME S a2 %,

TR AT Y R B DR ZERIRE R, AR E AR 1R 25 P e PR T T TR AR AR
Hopa L HH 1R 72 IR (A 4 e it 23 CAASE L SRAH B R 22

TR LB FERIRE I, I IR A R 05 R B B = AU

RGO, IANRIEFFEARNASE EL2 0O, BEIMAESCA 1L

A

def backpropagate(network, input_vector, targets):

hidden_outputs, outputs = feed_forward(network, input_vector)
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# the output * (1 - output) is from the derivative of sigmoid
output_deltas = [output * (1 - output) * (output - target)
for output, target in zip(outputs, targets)]

# adjust weights for output layer, one neuron at a time
for i, output_neuron in enumerate(network[-1]):
# focus on the ith output layer neuron
for j, hidden_output in enumerate(hidden_outputs + [1]):
# adjust the jth weight based on both
# this neuron's delta and its jth input
output_neuron[j] -= output_deltas[i] * hidden_output

# back-propagate errors to hidden layer

hidden_deltas = [hidden_output * (1 - hidden_output) *
dot(output_deltas, [n[i] for n in output_layer])
for 1, hidden_output in enumerate(hidden_outputs)]

# adjust weights for hidden layer, one neuron at a time
for 1, hidden_neuron in enumerate(network[0]):
for j, input in enumerate(input_vector + [1]):
hidden_neuron[j] -= hidden_deltas[i] * input

b b, DL ERBAMEE LR RS SNER B HIRE, HMHE 8 HHT
) minimize_stochastic BF%.

SEA G, RS RS R BRI, AR IR AR R o FsE B N, B 40X 28
AT R BLID R TR B ﬁmﬁfiﬁix%iﬁiﬁ’mﬁ (“BRZBRBOS AR TT | EMZIC A
RACE SR S ALT) AR TR

18.4 SLf5]: ¥ BECAPTCHA

b T HRTE R M A B NaE “Plas N7, s i as PR EILS AR FE M R
7 hn CAPTCHA Thfg.

e, MR P ROR — BRI E Jr, R A R, DA UEWI TR S
HSZHIA

PR VR XA BT RAL, (ERMEAE, BTCARITRS — A T AR AR E X A [ R A2
Pt e ftb o

i, AR 5 < 5 REEAYE AR BR A AT

0@EE@ ..@.. @Q@EE@ @EEE@ @...@ (@EER@ @EEE@ @OEEE@ @eEee @@eee
e...e ..e.. .. ..@ @..0 @.. e... ....e @..¢ @..0
e...e ..e.. @@@@@ @@@@@ @ecee @@@@@ @eeee ....@ @eeee @eeee
@...e ..e.. @.. ..@ ....0 ..@ @...e .. @...0 ....0
@eee@ ..e.. @@@@@ @@@@@ ....@ @@@@@ @eee@ ....@ @eeee @@@@@




H T AT o 22 ) 28 DA K = 2 B R T e VA HL g AR, BT EABRAT TR A B MR i oA K
BT 25 il i, HOUHEMIIER | CRAMBFMTIZEGST) L0 CRMERFEAEX
B&H") .

Bilan, o 0 "LAFRR A

A1 R AL L 2 RS R RE S e 17— A AR RIBTRL A T, IR IR 2E 10 FhAS[H]
ot Es R Bl THeT 4 RUE, IERARH 5 R -

[0, 0, 6, 0, 1, 0, 0, 0, 0, 0]
M2, BRINBN TEALRIR PR 0 2 9, WIAH R G A -

targets = [[1 if 1 == j else 0 for 1 in range(10)]
for j in range(10)]

Bk, PSRBT SEAD targets[4] WIIER &R AR T 4.
457, BUE AT LIS BRAT TR A LS T

random.seed(0) # HRHEEEEE
input_size = 25 # AR K 250 [
num_hidden = 5 # [ RN O A SA AT

output_size = 10 # X THAHIA, FRANFEZEL10 M HE5 R

# BRI TTH AR ARE — R E R A W A E
hidden_layer = [[random.random() for __ in range(input_size + 1)]
for in range(num_hidden)]

# B A TR B A 22 T ER R — M E R — A R A
output_layer = [[random.random() for __ in range(num_hidden + 1)]
for in range(output_size)]

# PR N 2K B HLA EE FF 4RI
network = [hidden_layer, output_layer]

XL, BATAT A S I 3 R R N R TR A TR T
# 10 0007k RFE R 2 BT Sk
for __ in range(10000):

for input_vector, target_vector in zip(inputs, targets):
backpropagate(network, input_vector, target_vector)

ARV LRBCRIRAT
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def predict(input):
return feed_forward(network, input)[-1]

predict(inputs[7])
# [0.026, 0.0, 0.0, 0.018, 0.001, 0.0, 0.0, 0.967, 0.0, 0.0]

XFRW, HHECT 7 S ITESR 0.97, i H b ah S e ENEER /I,
I, FADE AT LR B TA RIS 2oniEa b, tandes 3 sTEAR A R oA

predict([0,1,1,1,0, # .@@@.
0,0,0,1,1, # ...@@
0,0,1,1,0, # ..@e@.
0,0,0,1,1, # ...@@
0,1,1,1,0]) # .@@a@.

# [0.0, 0.0, 0.0, 0.92, 0.0, 0.0, 0.0, 0.01, 0.0, 0.12]

FATR LN A CEREIET R 3, AN TR T X AR TR T 8, Mits
Brhr 5. 8 F 09 IR EFAME

predict([ s # .@@@.

0,1,1,1,0

1,0,0,1,1, # @..@@
0,1,1,1,0, # .@@@
1,0,0,1,1, # @..@@
0,1,1,1,0]) # .@@@

# [0.0, 0.0, 0.0, 0.0, 0.0, 0.55, 0.0, 0.0, 0.93, 1.0]
WVFERAIIZRIE A Bt

IR LB T AR e 2B I, (HFAT AT DAd i AS A B i 2 A R T R e AR IR
AMEDL. R, FRATATEEERA R TR R A 5 x5 BRI, MRS 5% 519
By AAER BLEY

Blsgrh, IRATREAY EEE D O FIRCERIEIE A&, KT 0 ALEMLIHEBRK, FiE
(Eednisd) egg, /NT 0 AUBCERIZ AR, Bl (Fbanid) Ber, A NREaR, X
FEBR A GRS R TTIL MR Y

MR, BMSHAGERSRERD O RIAE, HIER 0 B E G G, [N, FIHRZ
LORFTRIT 5 A I

S, FAFEZE I E R & pyplot. inshow——iX & AT Z B 42 Je i — > el 8, R E,
HMTTLLE G SRR R . WO, XA RO TR PR A IR R, [BAEX
B, R E AR

import matplotlib

weights = network[0][0] # [E RS — A0
abs_weights = map(abs, weights) # BASZESS HE e T2 %
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grid = [abs_weights[row:(row+5)] # AL E L R SXSH AR

for row in range(0,25,5)] # [weights[0:5], ..., welghts[20:25]]
ax = plt.gca() # A TERIEER, Tl 1w S g
ax.imshow(grid, # X H 5plt.imshow—#FE
cmap=matplotlib.cm.binary, # i[5 - 26
interpolation="'none") # A THR{EAL

def patch(x, y, hatch, color):
"""return a matplotlib 'patch' object with the specified
location, crosshatch pattern, and color"""
return matplotlib.patches.Rectangle((x - 0.5, y - 0.5), 1, 1,
hatch=hatch, fill=False, color=color)

# 2GRS AOR U E

for 1 in range(5): # 17
for j in range(5): # %l
if weilghts[5*1 + j] < O: # row i, column j = weights[5*1 + j]

# N LR AR X TCIR IR AR T WL T
ax.add_patch(patch(j, i, '/', "white"))
ax.add_patch(patch(j, i, "\\', "black"))

plt.show()

network[8][@] network[8][1] network[8][2] network[8][3] network[@][4]

D

TR —4.8 PR 1.1 fwfar —1.3 1.3 i f770.4

18-4: RRENS T™E

WA 18-4 WILLER], ARt Loce L5 T O R E A IR, I HA
HERK, WA FRIRCE A UE, HAxHERK, (A, frid& R 5k fit
6, HeHEBR, REWRERIET “EABRR BAAIE, GNRMEWEE.)

FL b, XS AR UL, BRI S AT -

left_column_only = [1, 0, 0, 0, 0] * 5
print feed_forward(network, left_column_only)[0][0] # 1.0

center_middle_row = [0, 0, 0, 0, 0] * 2 + [0, 1, 1, 1, 0] + [0, 0, 0, O, O] * 2
print feed_forward(network, center_middle_row)[0][0] # 0.95

right_column_only = [0, 0, 0, 0, 1] * 5
print feed_forward(network, right_column_only)[0][0] # 0.0
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FIAE, HEREMZ T SR A rmAEma iR T, HE)a /R ems
TP “E” dufrmdEE A, (FAhF Az e MR A R )
KA TAN A AT RIS T 3 B TX AL, SRS EFER?

my_three = [0,1,1,1,0,
’1’
,0
Jl’
’0]

0,1,1

0,0,0,
0,0,1,
0,0,0
0,1,1

B

e

2V

H o B R
D
D

sdsds

hidden, output = feed_forward(network, my_three)
I 2 O i L 285 R A

0.121080 # 3k Hnetwork[0][0], AlREZSZF] T (1, 4)AYsZNN
0.999979 # Sk Hnetwork[0][1],(0, 2)F1(2, 2)ATTikEcK
0.999999 # kA network[0][2],4:(3, 4) 24P HIFIH

0.999992 # K Hnetwork[0]1[3],{KIH&(0, 2)FI(2, 2)AYTTHkELK
0.000000 # > Fnetwork[0][4], [ T Al —174k, Hfth & A S (B s (H

RFFHEAZOR 37 WA EICH, AHRE A network[-1][3]:

-11.61 # hidden[0]fUALE
-2.17 # hidden[1]fyL &
9.31 # hidden[2]fytLHE
-1.38 # hidden[3]fUf &
-11.47 # hidden[4]/ALE
- 1.92 # ffakm ABIRCE

B, XA R
signoid(.121 * -11.61 + 1 * -2.17 + 1 * 9.31 - 1.38 * 1 - 0 * 11.47 - 1.92)

EAFRAIT BRI, HAE 0.92, SKbr b, BsE2ds 25 ez R 5 M AFERIS X,
W B~ 25 eV ABLSS A 5 M 8. SRa, B L ITTNX 5 A bk
H—~E A o

FAMTEF, my_three E{ES X 0 (A URGEHIE TRARAIZIT0) “TT57, AifEs X 1,
203 (S ZEEE AL Ramph2eoT) “ L7, FRAERTLER X 4 BYCED (BRI A #RETT
WiE) . R, 10 MLt i — S E X 5 A BEE R ITR FIWT my_three
T A BN D A .

18.5 MEH=EZ

o Coursera $&fit T —[ 1A RFE “HLEs 22 2 ML (https://www.coursera.org/course/
neuralnets), fEFZm BARPE, HlLly—k TR A 2012 45, ANt AHC IR BHA
SRATH .,
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Michael Nielsen 1IE{ESi 5 — A B 0945 , 454 4 Neural Networks and Deep Learning (http://
neuralnetworksanddeeplearning.com/) . 4{REEIFEAPE;, RAlEECALER T,

PyBrain (http://pybrain.org/) #&—/HH4 & #LHY Python ffiZ8 (4K %2 ,

Pylearn2 (http://deeplearning.net/software/pylearn2/) *&—A™ 5 i J% [&F -t 56 3k {5 FH Y
P ERY T E o
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B19F%

KRR

REE/ALRE, BERIERIEL,
—F A% - HER

A R 2 BRI AR R AT IR 22 21 057k, TR BN TR UL — AR 2 i R R e
A, T EAEEE R AR AR BRI B, SR, A BRI A A
MM Tk, Wl ERURIHE S REPERNEE (BT EAE bR
MR, (HE2HXERREE) T TR,

19.1 [RiE

YRGB R, RATRES RIBIR S UM LBk £ (cluster) , ffil4n, J&
AR E SRR, Bl SR ATRELE DUR R LA 2 A Wi T T IR 2. WifE
JEIR ATV R AR (] (CA/NRESA BAr ) BORctE S vy, Bl IR nTREER SR AE 40 Fifle (OF
H, anRix Sk B A e AT JE 320 TR 20 A/ R E RIS, I8 20X 2855088
RATREME S RAEAE 19 7o) X TR RN OGETHrI B te, Wal GETE R £ Fh AR
(Bilhn “RERAG457 “TOMMERANBT” “Frlk T4 5%), XLERFA RS RS FIBIR I
li] T A VISR R

52 WEI AR, X R REE A BT R, AR R AT R
Rk TET 5 OCREEERLAET h—k, Mt S —LE Rl THET 5 KT oA
—H. YR, IRMEVCBRN DT 2 B LA DT 25, (B, X T e RS, WAL
B R LRI PRfERWIE T,
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BEAL, X SERA G ek A A TR . EABRERIIE, (RUTE SEAREF IR
i

19.2 =AY

TRV, B AR d ez b — i (BREART—4E, FADEAME LT
FIFARFORA &) . AT b TR R 2R A FTE B B 28, CAIN) iRk g4
RAEMRFEME.

Bilan, BAEART LS & SCRIARE (AT ARG BT REkF R E), BAEX
FEOLT, AR BARATRER XA LI SCREIEAT IR 2, Wl RER T M FAERE S A 1%
W2, 3, BRIRRME—REEETR (0, 4 ) SenEy, HLRNFE—4
10 GRRAAEATZMENR. X, RAESH A BT IA L 10 FhiFita, JEHIERE
¥ T FERIER DTEE 2N,

k-394a 5 ik (k-means) J&—Fiixi BAVRE S5k, Bl W THEE Rkt R L EHE,
RIFAC AR AEA S, oy S IFHERBABIRFIHLIERERSE (hOodgR) 1y
BRI 2 A ME . TR AR BCE] kA REITT AR £, LA AR
RETj b — R W EN . —BOLT, b THEI— RT3, BT LS
/R B ACRPN

L e d iz inl ol e & A B SRR IR ERIATE. (BIHL)

2. R BE BN LRI (AR rhG) IR, SRJRIER Bl i il &
ERITAIARA IR

3. ARPT A EAE A TR EORT A B, AR 2t RO B 2

4. AR AR S E R B, WERTHRISE, JRREEIE 2 2,

FIRIEE 4 Brh 22 i) vector_mean e %, mTLARAAGIEEAN T FT/RAVZR FERL Bk TAF

class KMeans:
"""performs k-means clustering"""

def __init__(self, k):
self.k = k # BRI E
self.means = None # RIAUIHE

def classify(self, input):
"""return the index of the cluster closest to the input"""
return min(range(self.k),
key=lambda i: squared_distance(input, self.means[i]))

def train(self, inputs):
# IEBEKABENL AR AR AR IS(E

self.means = random.sample(inputs, self.k)
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assignments = None
while True:
# A E o B

new_assignments = map(self.classify, inputs)

# AR B A R B, B 4 Lk
if assignments == new_assignments:
return

# Mk S5y e

assignments = new_assignments

# R B R E
for 1 in range(self.k):
# B B TR IUNITA I A

i_points = [p for p, a in zip(inputs, assignments) if a == i]

# WhiRi_pointsAsg23ny, Rl ERECA 25420
if i_points:
self.means[1] = vector_mean(i_points)

I LERA R R AP A R,

19.3 ffl: BL

AT PR DataSciencester 1% JiH: e, P B GEEET1AY EILE SR E RS £ 09 P H UL
AN S, FHEEBYWIA . B F0 DataSciencester T fifl, FTUR T ST A 24 A A9k
(40 19-1), FrLAMbARIEpRREFRER S, DIFERRNS S,
W EAPME TR, RATRESEAERAR="H ., (XRESEHK, KohixH
MIBAE R, (HRREEE RN, STIRfhIPh st S btk K, )
B, WAMRBEMPRMIFE R LA kB S, REIRRBITFEYLENmE A TFICHD .
random.seed(0) # R RA SIS R 53—
clusterer = KMeans(3)

clusterer.train(inputs)
print clusterer.means
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40 T T T EFEiﬂ:l T T T
30} R
° [ ]
o
20} .
[ ] L]
[ ° o
E 10t 1
2 °
= o
=
i ° e,
[ ]
L]
=10}k ° 4
[ ] L]
—20} b4 4
-30 L L L L L L L L
—60 =50 -40 -30 -20 -10 0 10 20 30
MO LARIIEIX.

B 19-1. IRRLEEMA,P I

REBUH P EZEELELL [-44.5]. [-16, —10] 118, 20] AL =AXd, Bk,
FIRAEX =AML BT SRR S (WA 19-2),
TRPFX EEITHRES T RIS, (HE b ZE IR IR B AT TR DB IR RS T .
PR, PRI

random.seed(0)

clusterer = KMeans(2)

clusterer.train(inputs)
print clusterer.means
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40 5y A=A G H P ERE
30+ R
d *
*
20} s |
<] ¢ * * *
# 10l i
E .
= o
e
= 0Or * . 1
].E L]
hd L ]
~10} e .3 |
L ] L ]
201 ° .
_30 | | 1 |
—-60 -40 -20 0 20 40
DR X

19-2: PA=HBEHRPEL

4 19-3 fioR, IR SHUSUIRETE (18, 20] ML EMIUL, 17—k RS SN e 7E
[-26, —5] {7 BT,
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40 Sy PR R Y P
30+ .
‘l
L ]
20} 2 |
* [ ]
Sg . .
3 0L |
;g; .
= *
0
fé 0+ * . . .
1 0’.
—-10tL * . i
* *
20t ¢ 1
_30 | | 1 |
-60 -40 =20 0 20 40
H DA R X

B 19-3: D ARABHBFEIL

19.4 EEEBRE#HBEK

FERT—AEIrh, JRHE & YRS MBI SR i, AVCikfEs], (AR H 1 i
T, FEIHEE . kRS IE IR RARNT], — AR S TR iR LARZE (BD
BB SR PR AL O B ES) P07 Z R k AR AL, IR B R, T
FEHC A5 BT SR A E AU .

def squared_clustering_errors(inputs, k):
"""finds the total squared error from k-means clustering the inputs"""
clusterer = KMeans(k)
clusterer.train(inputs)
means = clusterer.means
assignments = map(clusterer.classify, inputs)

return sum(squared_distance(input, means[cluster])
for input, cluster in zip(inputs, assignments))

# BLEm H 1% len (A ) IR 2 [E]
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ks = range(1, len(inputs) + 1)
errors = [squared_clustering_errors(inputs, k) for k in ks]

plt.plot(ks, errors)
plt.xticks(ks)
plt.xlabel("k")
plt.ylabel("iRZE/IE T 2 F1")

plt.title("SHIRELERIHKA")
plt.show()

N
16000 — ______ ®BESEEEA

14000 +

12000}

10000

8000 |-

REEPT5 20

6000

4000 |

2000

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

19-4; SEEREHE k

MI 19-4 WU, X A7 5 BIER SR 15 AR B ISR, dtid 3 &—
“HIET MIRFEHKH.

19.5 . X EZEHFTE

BT BT R RIS T T — 3k 5 WA DataSciencester (%5, 7 EIREEBAERE S By kil
P, A NS, RIEZSTENHLEIREA R, @%ﬁ%hﬁﬂi%ﬂﬁ ITHAMER,
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G, AT RSTEARRELSIEARE, B, o i ELe m fRE wRe o st
o RS RS

Bl HEHLER /TR R A GREN 458851, HhE MR EARGRE 1 = gkn &
(red, green, blue), R TiZHZNH (https:/en.wikipedia.org/wiki/RGB_color_model) ,

h TIREIE BRI T ARA, BAIFTENIT T I

L RS
2. @A BRFE NP —Fhigie

b, EALEIERE A H k-means FPR M, FAIZE LB EFZ R AL -

k- AR AR, 2, ROTA X R PG EHL R R ERERE

EELATLLT .

B, BMIFEEIRGERIRNZEZ] Python fr, st b, X A[LAEB) matplotlib 5Ly .
path_to_png_file = r"C:\images\image.png" # A& URAYEGAEHEHE

import matplotlib.image as mpimg
img = mpimg.imread(path_to_png_file)

Fbr b, img FERERANEA—A NumPy BERACBERY, Ak BB, AT ELRHAT
USRI IS Z AL I Y112

XH, img[1][3] FonsE i 1758 j FIRuig &, HHEBENMGEE - TBEER T o1 2
[l [red, green, blue] ¥4I #ktg e KBt .
top_row = img[0]

top_left_pixel = top_row[0]
red, green, blue = top_left_pixel

FERIE, BATATLEFT A FHE 1 R F 2
pixels = [pixel for row in img for pixel in row]
SRR HGE AR TR il

clusterer = KMeans(5)
clusterer.train(pixels) # X A[HESHL—LElTH]

—HIERL, AR T ok BA AR AR E S

def recolor(pixel):

cluster = clusterer.classify(pixel) # TR R MZ 5]
return clusterer.means[cluster] # bR IIHYIE
new_img = [[recolor(pixel) for pixel in row] # X — TR EEG

for row in img] # BB E—1T
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BTk, AT ATLAEE plt. inshow() SR BIRI%ER T -

plt.imshow(new_img)
plt.axis('off"')
plt.show()

LR, ERGRACHBR TSR RXFERIECR, FUARAIIER 19-5 iR T —5k4e
FAOE IR R, LA R 5K R X B A A LA S TR € 5 K R )«

B 19-5: RIBBERLAKFIFA 5-means ZRGHUE

19.6 HTMLBPSERZE

B—Fp ARG T BRI “B53R7 B2, Chik, BAIATUMEB A
1. FIRBA AR R —AE2R, URGENBEEHROE—1ICE,

2. HBLARA AR, sk & IWmAS, Hkella—h—.

B, FAERE - DRE T ABMANERPRZE. aREN A IFRFICTE TR, AT
PA S P55 B9 D5 PR AR AR TR AR AU IR e . 2Bk UL, ARIRMESE] 3 A8k, LA
ZHRH B SR B FFRERTEA T

FRAVREBE A —FhARH BT 3ok 2R 2. B, WATEIERFIEA T (leaf) FHrh,
XA TR AT

leafl = ([10, 20],) # TOIE—ICH, HEAREIN—ES
leaf2 = ([30, -151,) # & NIPython& G524 Wk aliffy 55

ML A5 AR IORIERIRYE, IR el (BT, TRE) .
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merged = (1, [leafl, leaf2])
B MRS BEFHRT, (HBLEADSEKR G — e B A 5L

def is_leaf(cluster):
"""a cluster is a leaf if it has length 1"""
return len(cluster) ==

def get_children(cluster):
"""returns the two children of this cluster if it's a merged cluster;
raises an exception i1f this is a leaf cluster"""
if is_leaf(cluster):
raise TypeError("a leaf cluster has no children")
else:

return cluster[1]

def get_values(cluster):
"""returns the value in this cluster (if it's a leaf cluster)
or all the values in the leaf clusters below it (if it's not)
if is_leaf(cluster):
return cluster # 22— EEEN—TH
else:
return [value
for child in get_children(cluster)
for value in get_values(child)]

nwnn

h T AIFHBERLATERZE, TAVH LR L Z MV E RS, Sk, R ERMA
RRMITTHRZRIARN S, BRI RGRIIIRESIE (HARS ™ E BRI
RE, HREREZAARGEALRE), WRBEHFBKENHRES, WIHEHRXEE,

A /N B, DROA B i R B 8 & IR R 2K, B R DR 2t — e/ DBk b

Kb b, X PR BERIR R, T 4 B R AR A

def cluster_distance(clusterl, cluster2, distance_agg=min):
"""compute all the pairwise distances between clusterl and cluster2
and apply _distance_agg_ to the resulting list"""
return distance_agg([distance(inputl, input2)
for inputl in get_values(clusterl)
for input2 in get_values(cluster2)])

BAVRAE B A FERFERE (slot) RERER G FFRINGT . XAE /N, FomETHFRIRTi
SEfE. XEBEWE, UIMMESIRREIAEE, TR & FERFIIE, MWE/NER R IRIR
BT, HTHREEARGIMER (XBE®WELESREN), Fik, FOVFEaHK
FrEIERLE A TCS K -
def get_merge_order(cluster):
if is_leaf(cluster):
return float('inf')

else:
return cluster[0] # merge_orderj& “JCAHTHIE—ATCE
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BAEFRMTRTCA G SR T T

def bottom_up_cluster(inputs, distance_agg=min):
# RIS — R/ —TTd

clusters = [(input,) for input in inputs]

BRI —A LA LRI
wh11e len(clusters) > 1:
# AR B A~ R 2
cl, c2 = min([(cluster1, cluster2)
for 1, clusterl in enumerate(clusters)
for cluster2 in clusters[:1]],
key=lambda (x, y): cluster_distance(x, y, distance_agg))

# BB R el 1k

clusters = [c for c in clusters if c != cl1 and c != c2]

# fdifimerge_order = FIMIEAAVEH K& T EN]
merged_cluster = (len(clusters), [c1, c2])

# JER el & JF

clusters.append(merged_cluster)

SURI— I

return clusters[0]
G 5 A R T
base_cluster = bottom_up_cluster(inputs)

XHRE AR, BRI

(o, [(1, [(3, [(14, [(18, [([19, 28],),
([21, 271,)D),
([20, 231,)D),
([26, 131,)D),
(16, [([11, 15],),
([13, 131,)DD,
(2, [(4, [(5, [(9, [(11, [([-49, ©],),
(['46: 5];)])1
([‘41: 8];)]);
(['49) 15]:)]):
(['341 '1]:)]):
(6: [(7; [(8’ [(105 [(['22: '16].');
(['19: '11]))]):
(['25, '9]:)])’
(131 [(15’ [(17J [(['11: '6];):
(['12: '8]1)]))
(['141 '5]:)]):
([-18, -31.0DD,
(12) [(['13: '19]:)1
([-9, -161.0DHDDD

T AAIFTORAV RS, BEBSR AR mERE. SNV "0 5RE” AEIF
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T 0 HZR ST, PRAT LA ICBR AR -

o 0 SRAMEH 1| BERA 2 SRALAHERIN,
o 1 SERAIEH 3 SRR 16 TRAEAIFEFHIN;
o 16 SEAEHMAT N (11, 151 Fur- 4, [13, 13] AFFRERIT,

BIARA A 20 A, FRLARZELE 19 kg IF, EREFBIXARE, F—A I Mok
R AT A (19, 28] AT AT (21, 27] REIR, ifJE A A iR R
Mg 0533k,

fHag, —AEU TR EYGX A BRI S FRIE T . (R iE X BBDE, * T 6ld—
A PRAF R AT IR 2oy A, XS — A A EBIZ],) FHLERIPRE —A
BRI, AEHATLGE T P T3l 24 B 5 PR S Tk ™ AR AR A S 2

def generate_clusters(base_cluster, num_clusters):
# JHIRRISIER RA AR R 2

clusters = [base_cluster]

# HERNEBE RS-
while len(clusters) < num_clusters:
# Ok L AIERR S
next_cluster = min(clusters, key=get_merge_order)
# P NFIR PR
clusters = [c for c in clusters if c != next_cluster]
# IR R BRmEIZIER S (BiEo )

clusters.extend(get_children(next_cluster))

# —HIRANA TRBHIRE-

return clusters
R, AnRIATAEEA R =R, ATEMER TFICHD .

three_clusters = [get_values(cluster)
for cluster in generate_clusters(base_cluster, 3)]

FIR T HEEIACRS, FATRT AR AL I T «

for i, cluster, marker, color in zip([1, 2, 3],
three_clusters,
[|D|’|ov’l*|]’
['r,'g", b D

xs, ys = zip(*cluster) # BEZAEAIARETTX

plt.scatter(xs, ys, color=color, marker=marker)

# [ RRIETR I — 0y
X, y = vector_mean(cluster)
plt.plot(x, y, marker='S$"' + str(i) + '$', color='black"')
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plt.title("Fll HfE b B8 =4 A Fifd_LroZ")
plt.xlabel( " HuOLLARAIHTX")

plt.ylabel(" i .o LALAETX ")

plt.show()

5 k- RS, B2 T A RAMEREER, B 19-6 Fis,

FUH B B AR =4 T RAYSR

40 . .
30+ R
‘l
L}
20} R
*
m *3* L ]
& 10+ R
ha) *
37 .
=
] . :
F ¢ .
= 1 *,
*
—10} . . 1
* *
-20f ¢ 1
-30 I I I I
-60 -40 =20 0 20 40
T DRI X

19-6: ARREESRSAN=TETMLIR%

EAnFAT LR AR, X A& FHTE cluster_distance %0 240 min A 515 ) 5k
PR, M, AR IMIEH S5 max GXREARIEINSENRE), BEAE LES5R
19-7 Fi7nfY 3-means JC SIS,

VL ki bottom_up_clustering [ S BLACRDAH X SR E LR FE T, (HAET
FIRCRIRSRARIRIT N . FeBIbE, R4 D e B S B bRt A Z iml 1 BE
B, AW B, TR A Z R, SK/ETE cluster_
distance B HET AR, — /> HIE S8 LI 5 i /T REE T B AR ik L — 0

cluster_distance,
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20 IR B BB = 1 T T Lg%
30+ .
*e
*
20 - 1 |
. *
x| * *
g 10t .
?‘3 L]
= .’
e
i 0F . . |
e * .,
10} w . 3 * |
* *
201 * .
_30 | | | | 1 | | |
—-60 -50 -40 -30 -20 -10 0 10 20 30
T O LRI X

19-7: AREXEBSAN=TETMLHIRX

19.7 THZEZI

o scikit-learn FErPFEAE T — /N FR AR sklearn.cluster (http:/scikit-learn.org/stable/
modules/clustering.html) , Hrp &5 2 AT 2B, FLHE KMeans i Ward 5y 2 B H I (1%
B T AR TR AN .

* Scipy (http://www.scipy.org/) FEHHMLA A TEARER, Bl scipy.cluster.vq (‘B k-
PIASAB:) FEBFD scipy.cluster.hierarchy (‘B AL AERBERE D) 5,

BEDMT | 221



AR —3EE A BL M T 2REA LR,

Y S R4

f A& 3 &% (natural language processing, NLP) /&5 5iE S5 ARSI RE A, x&
—ANTZSR, (HBRATX B RIS EAR, BRSO E R,

20.1 A=

FESS 15, RN SR P LR R, oA T R i Je o nT i, — oy
ERMEMIZ, EAREBLL AR, 1 HaBRE(f B impy A/ 5 H R 5
IEttO

fH, —BEW T, BREFFERHATRE L, IR BRER DB RIS A
(RS, THEZERE “XHA L2, alLUg E—/ 3" e,

BIRAN AR MARIRE, A% 8 N e B IR AL PR Lk JELE 7RV . #4 ik
Ud, RANPRWCER T — L SEARFHFARRIIRATIE . IR T— N ATiE, el AR M4
I 0 2 100 Z A FIECF kA, BN B RE eI & Bk, A%
Foe AL G BRI -
data = [ ("big data", 100, 15), ("Hadoop", 95, 25), ("Python", 75, 50),
("R", 50, 40), ("machine learning", 80, 20), ("statistics", 20, 60),

("data science", 60, 70), ("analytics", 90, 3),
("team player", 85, 85), ("dynamic", 2, 90), ("synergies", 70, 0),

222



("actionable insights", 40, 30), ("think out of the box", 45, 10),
("self-starter", 30, 50), ("customer focus", 65, 15),
("thought leadership", 35, 35)]

TS, A o R AR B AT & A e B 2 vl B =T (18 20-1).

-
=

sﬁnerg-es
boxghcs Q
Python "
Ieadershu £ mmm

£
2
@

£ U
§ focus mac nelearmngﬂ_

D self-starter
.1

statist

20-1: BRIAEEAMRNIT

RERKBIREER, (BIRA SRR UEMSR . — A ABRAYT i al Re K el 15 8ot
K, FUHIRCEAL B FOoR AR5 i AT B, T B0 B FOR AR R P iR AT
X REE G b feis—LEE R (18 20-2) .

def text_size(total):
"""equals 8 if total is 0, 28 if total is 200"""
return 8 + total / 200 * 20

for word, job_popularity, resume_popularity in data:
plt.text(job_popularity, resume_popularity, word,

ha="center', va='center',
size=text_size(job_popularity + resume_popularity))

plt.xlabel("Popularity on Job Postings")

plt.ylabel("Popularity on Resumes")

plt.axis([0, 100, 0, 100])

plt.xticks([])

plt.yticks([])

plt.show()
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dynamic
team player
" data science
£ -
2 statistics
&
5 self-starter Python
z
Z R
o thought leadership
& actionable insights
. Hadogp
machine learning
customer focus big data
think out of the box
cyunarniac analytics

greo

Popularity on Job Posti‘r'lﬁ's""

B202: —TBEEIXN (REAWTABLEN) 6995

20.2 n-gramsiR#!

DataSciencester 715114 %% 51 5 WAV RIS 28 K 37 41, LA B AT T A BUE B2 75 T Y
Web U1, DMENTEIE 2 SEARPHAA ST TIERT, A0 Wb RERS 7218 2 45 R b A HE
AEgERT, (PRIKE b fgRe, B TRRSIBNRERCL BN T, X kR
MFRL, HR MR ATIX—%,)

25%, MhBEAMCE A BT IR T, AT ERA M “KE” kMG EEE, 4
K, Ml PR i & T DLE T gefe 7 Rl AR BUX S T, Sk, TS9N TG ik
FHE A TR,

KRG BMARRAR, EhanE e SR, AREFIRSEH AR MBS AL, 1
A E T, AR Mike Loukides FUSCEE “fT 22 %dEFH#? 7 (hips://www.oreilly.

com/ideas/what-is-data-science) & 1.

FRRAESE 9 Trh R AV ARARE , FRATHHE T —LE Web ik dr4 (requests) #l BeautifulSoup
FAaZ ., A, XEAIAREEES R TERE.

24 | HF=E



AR, SCAR TR AT S 2 br_ k2 Unicode F24F u"\u2019", FRATATLAAIEE— 44
Bred, HIE®RBASSREBA el

def fix_unicode(text):
return text.replace(u"\u2019", "'")

AR, AR T TR SOR 2 )5, BRATE AR B MR — A i S AN R S R
I GRAEFA Tk vT EAJE A2 RAEMEEL) o S4Bk, FATATEMEB) T re. findall() &%k
RTER -

from bs4 import BeautifulSoup

import requests

url = "http://radar.oreilly.com/2010/06/what-is-data-science.html"
html = requests.get(url).text

soup = BeautifulSoup(html, 'html5lib')

content = soup.find("div", "entry-content") # #¢Flentry-content div

regex = r"[\w']+[[\.]" # POt —/~ Bt e — /) 0
document = []

for paragraph in content("p"):
words = re.findall(regex, fix_unicode(paragraph.text))
document.extend(words)

LK, WATATLL (BRLI%) dE— B Ex e ds . SOR AP R AR AP £ — 252 RIS (B
an, H—AF “Section” LA, [EI, FAVEFIM @AWW (Fil4n, HF “Web
2.07 Gk RIS . peAh, SCRE IR EUE T bR g . RAE L, XA ST
PBEaEM T,

PESCAMR T AR 25, BT ELRE DL SO HE S #HATEE T s
Bial (bban “book™), FATTAT LAFR HR SCAS o B A A2 & s 1 Bk g AR 2L s ge] (Gx B2
“isn’t” “a” “shows” “demonstrates” 1 “teaches”), T TMHBENLERE—1RVEDT—A
A, AREEEX R, HEREAMEH MR, B R ER S FIVE R,
A TR PR 2 S = 4% (bigram model ), KA 542 HR A%+ 2 4AMA] (—
AT RIS e e 1Y

M2 tg i inVe? Sebr b, FATREEN RE @ i ia LRt T 1. |5k, 1hkd]
TS v T RERY B IR R S . IR —TF, 3T zip R Ui, RERAPH A TR0
SEHE. CRRAIE TR, Pk, BATATLIFIH zip(docunent, document[1:1) ki Sckiri 4 %
DIESICE

bigrams = zip(document, document[1:])

transitions = defaultdict(list)

for prev, current in bigrams:
transitions[prev].append(current)
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AT AT LA A A T

def generate_using_bigrams():

current = "."  # XERE T HIEE AT FROITL

result = []

while True:
next_word_candidates = transitions[current] # RGETE (current, )
current = random.choice(next_word_candidates) # BEHLIES
result.append(current) # BRI £ SR
if current == ".": return " ".join(result) # O e R T

B RARE ) A LE T S B, AN PR AT DS Lo h) B Mk b, DALE R
AR RE SRR AR . 28 BRI

If you may know which are you want to data sort the data feeds web friend someone on
trending topics as the data in Hadoop is the data science requires a book demonstrates why
visualizations are but we do massive correlations across many commercial disk drives in
Python language and creates more tractable form making connections then use and uses it

to solve a data.

Bigram Model

AERBAMEH = A (trigrams) 1Y, BRREASFRIGIX Lem) LB )RR EE . FTil — o
A, R A ES TR B R, (e UE, PRERTEAZE FEH n AN LE #A]
RENM n-grams B, AR FIEADREL, B =AN AR RS T.) BUE, XFhiEKE:
AR BT AT 7 AN B .

trigrams = zip(document, document[1:], document[2:])

trigram_transitions = defaultdict(list)
starts = []

for prev, current, next in trigrams:

if prev == ".": # AR ET— A" LI ) A
starts.append(current)  # J4ixmtd— i AG R IA

trigram_transitions[(prev, current)].append(next)
TR BN, BUERRA LA B 4G T BRIk TR FATwT LAE L FARTRI Y 75 2%
A AT

def generate_using_trigrams():
current = random.choice(starts) # BENLIEFE— /4G5I

prev = "." # AN~
result = [current]
while True:

next_word_candidates = trigram_transitions[(prev, current)]
next_word = random.choice(next_word_candidates)
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prev, current = current, next_word
result.append(current)

if current == ".":
return " ".join(result)

RRAF B A R OR EA— 2.

In hindsight MapReduce seems like an epidemic and if so does that give us new insights
into how economies work That’ s not a question we could even have asked a few years

there has been instrumented.

Trigram Model

A%, ENZUERREG—L%, REAERERI G P, Pl kasds b —
L, BREAMGRA -, XREREERNT (REDEREIE) 2WIREHE
B —F A2, ELEIRS AR, AN, RN L REEE R 5 SR i R
n-grams, WCE RS EAT

20.3 &%

WA —RE SR, R E AN (grammar) A A AR A) 1, H/h
REHEE, IR C A HE T IRAIR2E R A A R, Flan, aRirE — A dEw ey g
B, eI EE H G E G R s a Ry, XFERTE, RS ir—Ah 4
TRFNBh iR B I FZE, PRk nl AR SR FPEL ki ) T,

T, BATREE LA AT

grammar = {

"S" ¢ ["_NP _VP"],

" NP" ¢ ["_N",

" A _NP _P _A _N"],
A R VA
"V _NP"],

: ["data science", "Python", "regression"],
: ["big", "linear", "logistic"],
: ["about", "near"],
: ["learns", "trains", "tests", "is"]

<eE=

}

f1295E, CATRISIF-KMIAFRFRIEEAR , ENHEE—PRIT; Mt ARErH
BB a5

B, "_s" & AT BN, HpEAi—AY NPt (CAIEETET) BN, SRR VP
(“ZhiAEIE") A,
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A EBIERN AT RE S 7 A —A v (SZDTA7) MU, TR A A S iA R Ak 2 UL 4
TARTEERLI

THER, NP BT A AR rh AR L A By o BTV, 1SS rTLGE AR, B,
R X BUX SRR AR, (2 BFRREE ™ R T2 %5 Z ARIAF-,

M2, FATanfTiE S X LB TERAE A FHE?  FRATADI /& )RR A1 [7_S"]
HF SE, BAVE AW I — N, BRI =4 B L — Aok AU B
HBIAHIFIFITCR AR AT S0, BATETEME TR T,

BRI, b R AT REMR T XA«

['_s']
['_NP',"'_VP']
[I_Nl’l_vpl]

['Python',' VP']

['Python','_V','_NP']

['Python','trains','_NP']

['Python','trains','_A','_NP','_P','_A"',' N']
['Python','trains','logistic','_NP',' P','_A','_N']

['Python', 'trains','logistic',' N',' P',' A',' N']
['Python','trains','logistic', 'data science','_P','_A','_N']
['Python','trains', 'logistic', 'data science','about','_A"', '_N']
['Python','trains', 'logistic','data science', 'about','logistic','_N']
['Python','trains','logistic', 'data science','about', 'logistic', 'Python']

FlTanfrseBLEe? ok, FRAIFEZEAIE AN A B e EOok RN S

def is_terminal(token):
return token[0] != "_"

BTk, BITFERS AR, B MIRICIRER . B, RINFTFEREE
— M AEE S SR ACRBA A ZIX Fibrid, et ERNCLA 1 E R
+, AL T

AR FRANTE AT T — AT, B2 AEH = BEHLIEFE— 1, AR P ATRA
Zmfrs (A—ASid), Ao B ER AR RIPRICEN AT, BRIE 250, andfak ikt
— AWM R IR PTERIC, APLAMTEEE TR, PRSI Y arbsich. &
2, M TR A —4Uhric LA R E X it e,

iR R T DS I AR S

def expand(grammar, tokens):
for 1, token in enumerate(tokens):

# Pkt LS
if is_terminal(token): continue
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# AERIX—BEATRIL T — AR5
# TREREYLE R — AR

replacement = random.choice(grammar[token])
if is_terminal(replacement):
tokens[1] = replacement

else:
tokens = tokens[:1] + replacement.split() + tokens[(i+1):]

# BUIE SR FRIFF S 113

return expand(grammar, tokens)

# QAR FRX —2 R T TR &S S, WU T

return tokens
BAEFRATAT DA AT T

def generate_sentence(grammar):
return expand(grammar, ["_S"])

SSEFRATAN T S50 B TE—— B A InsE 2 By B tal . AR INSE 2 AURENI 8 0 b el 28 55 ——
HEREFFEI L % 22 O W GUR T AL 28 Rl AR 2

Kb b, MIEEHT B AT AN, SREEMAS. SE— 1, BOTATLURE D
KA AT RIS o X REFE BY B TR BN RN 1A, A B D S

B R oA A SO BB 048, HEARET R, IR LUk A, (X751
MR PR 2204 16.6 715 “HEAR>]" &5y, )

20.4 SIME: FHETREE

R — LERE 3 55 A R AR BRAEAS AR R LA e . TR DGd L DA T X 47 A 53— Lk
EI5 ARG LA e

random. random()
VAR UL AR 15 2] — 2L E &5 AR R RE LR &
inverse_normal_cdf(random.random())

(HIELEME A 50 Al AR REATRAE . AT E — e 55 Moy Ay, T DAl 3 55 A5 307 A £
AR 2 G o3 A R LA

ildn, (RBFRAERH A XA x FORE R R, y oMY S Bz
Ao BOIEFAE AR (x, y) AVBEEXT, XFEOUT, B Tar LAE ol 41
RARANA B THEA «
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def roll_a_die():
return random.choice([1,2,3,4,5,6])

def direct_sample():
d1l = roll_a_die()
d2 = roll_a_die()
return di, d1 + d2

A, X BRI RAE &0, EEFE x &I TRy (o RASR . iR
FE T x HIE, B4y A RIS EFT x+1, x+2, x+3, x+4, x+5, x+6:

def random_y_given_x(x):
"""equally likely to be x + 1, x + 2, ... , x + 6"""
return x + roll_a_die()

ARk, FIESEREME 2, R, AR IRAEE y A2, L x &
Eh 1 (Bh A 28, 70 S Bl e, S8z Fnd aTaeE 2) . anifraniE v
3, o x BERHLE N 1802, 50, Fy 411, BBLAxEL LS, ELh6:

def random_x_given_y(y):

ify<=T7:
# AR R BCA TSRS B A5 — A1 SR RIS
#1, 2, -, ()énﬁﬁ - 1)
return random.randrange(1, y)

else:
# AR RBCHTSL ERIE IR S — A1 BCR S RIHLS
# (total - 6), (& )5% - 5), -, 6
return random.randrange(y - 6, 7)

FANAAE R T R MR (A2 W x Fy (AT, RIEAWTH y S0 TRENLIEERD
x [ERR ORI x, ] x SR TRENLEERERY y ([ERHEORIY y, BE —@ kUG, HEI
x [EFR y (e AT EAVE A AR T 2% PRI & 20 A SRIEIAEAS T

def gibbs_sample(num_1iters=100):
X, y =1, 2 # doesn't really matter
for _ in range(num_iters):
x = random_x_given_y(y)
y = random_y_given_x(x)
return X, vy

W T AIRES IR AL, X FPHE TS 45 BRI BORARTEL -

def compare_distributions(num_samples=1000):
counts = defaultdict(lambda: [0, 0])
for _ in range(num_samples):
counts[gibbs_sample()][0] += 1
counts[direct_sample()][1] += 1
return counts

AT AEAE T ORAHD o> (8 P RIS 15
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20.5 FHFEE

FEEE | RN TR “IRPOZAE R BIREFH AR HERGENN R, ROTHEREFFERS
P AR 734K TE AR THERA Y

SEARPR RIS R T A TR X BT R AR O T, A — R fE R Ak
#| 2% »#7 (latent dirichlet analysis, LDA) BUHA, # FRME 4 3CmItE 8, &
& ek Hr & mA LRI AR L SRS,

XHLE LDA 55 13 T AR DUM- 2 8 85— LEAR(UL 2 4L, BT T AL BRSO R

WERAE Y FA TR R BT — 2B A A, (B TR R SRR AN A A UL, 4n

THR,

o FHEREZERHETE, B KA,

o A R R ERIRER A IREAIBENL R & PRI LT AN 2 A B VA ]
w FELR E T k Hh BRI

o BB A BEHLREORAR H AR SCRIE R T AR A . IRATLCRRX AN A B 1
SCRY d Hh & T EL

o SO AR AR TR, B RIE ORI ER A A E L) BENLIESE— AR,
PoJE ORI IZ i & B IRl o A I 00 ) BERLE $— /> B

R, BTSN — AT, (documents) SEa, i A SCREARRE — A LIRS

[, Bl 8 ST — A HH Y document_topics SE&, DA 45 54 SORY A A1 P 1] 41
frE— A3 (XHEM 0 3 K-1 ZFF— T RoR) .

XAERITE, H 4 A SCRYTIEE 5 A SRk RTUAR R -
documents[31[4]

T3/ 12 7 1 B e o ) S T AR R A«
document_topics[3][4]

AR BRI E LT A SO RS LR AR oL, RN R Rt e ST A~ FEAE
BB L mE o A UL

FATPTCAE T F2R 1 7= A — AR A T REdE, 5 iR A 1 e A A TRl TR B
DAL 1 P A AR R R, (MU, FRATIFESES 13 S ar b i g & i,
22 FAREA SR Y BLAE BB B (7 B 5k 26 B ] EH B AE BT B B R B A T e A L
IELRR. )

XSRS U BE R, i, FRATT AT DA A TR S Y LRI 4 A T A H R P Y £
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o IR, AR FHA K document_topics BIAl, X, 3570 WrBUH AR wtik b
%7,

HIE, FALATE AR T G B SO b B/ B TR T — />, BRAE, FRATiELL
TR A TR 5 20 0 B SRS o % T AR e R SRR SCAY A AR I SR v
(4RiT) 945 A 15 DLLA B AR TiZ 32 o dal (24T ) F9 50 A i DU HE S AR B AUAL R, 2R
J, Bl B X SeA H 2 X A LT BT 1. An SRz R R e, Bl Iwk eI
R — B o A RISORY — FER A S B A BURE

B, WMNFTFEA R, RIS EE - AAERRELE R — %5

def sample_from(weights):
"""returns 1 with probability weights[i] / sum(weights)
total = sum(weights)

min

rnd = total * random.random() # (EOFLEE 2 ¥ 2o
for 1, w in enumerate(weights):
rnd -= w # 3R [\l fe /DI
if rnd <= 0: return i # [ kweights[0] + -+ + weights[i] >= rnd

Bilgn, AARREERIRE (1, 3, 1], BLF 22— ERRERE 0, Fi5r 2 —HIEF AR
|1, NS T 2 =R REEER [ 2,

AR E IS P& FGRR, AR AT REMR T I IXAE .

documents = [
["Hadoop", "Big Data", "HBase", "Java", "Spark", "Storm", "Cassandra"],
["NoSQL", "MongoDB", "Cassandra", "HBase", "Postgres"],
["Python", "scikit-learn", "scipy", "numpy", "statsmodels", "pandas"],
["R", "Python", "statistics", "regression", "probability"],
["machine learning", "regression", "decision trees", "libsvm"],
["Python", "R", "Java", "C++", "Haskell", "programming languages"],
["statistics", "probability", "mathematics", "theory"],
["machine learning", "scikit-learn", "Mahout", "neural networks"],
["neural networks", "deep learning", "Big Data", "artificial intelligence"],
["Hadoop", "Java", "MapReduce", "Big Data"],
["statistics", "R", "statsmodels"],
["C++", "deep learning", "artificial intelligence", "probability"],
["pandas", "R", "Python"],
["databases", "HBase", "Postgres", "MySQL", "MongoDB"],
["libsvm", "regression", "support vector machines"]

]
AT LR 4 A1, BIK = 4,
T EIREARCE, BAITEWRILI S T, e e e AR R BER S .
A G A SOR A TR R, ARG AT
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# B — A, BA SO & A — A F11%

document_topic_counts = [Counter() for _ in documents]

AT G g4 T A B A K, ARG
# B — IR A A A AR

topic_word_counts = [Counter() for _ in range(K)]

FRA TG B A T A S, AR AT
# R — AR, BATEAA IR

topic_counts = [0 for _ in range(K)]

T AR GE T A SRS H D FL R K
# BF I — AR BA SO & A — AR

document_lengths = map(len, documents)
T ARRSGE AN [R] PRI B

distinct_words = set(word for document in documents for word in document)
W = len(distinct_words)

A, TFHMRED AT DR SR GE T SCAS 5
D = len(documents)

— HEER TaX S, AT ATLA TR (bbZniid) documents[3] Hp52ill 1 AHSC /Y A TA] Y
Hom, BRI TR

document_topic_counts[3][1]

W, FA A AT EARRH 5 08 2 ARSI B IR nlp HHERAITRE, AARRID AN TR
topic_word_counts[2]["nlp"]

BUE, BACEME AR R BT T A, SRIGAES 13 BAIIbke, X BAYEA &

SN B H S A — AP T, R B PR A TR AR AT SORY rh it rR LR RE A O,
(Fl e O I 1 24 U] £ A 7 e 0 e ) LR AT AN REA O

def p_topic_given_document(topic, d, alpha=0.1):
"""the fraction of words in document _d_
that are assigned to _topic_ (plus some smoothing)"""

return ((document_topic_counts[d][topic] + alpha) /
(document_lengths[d] + K * alpha))

def p_word_given_topic(word, topic, beta=0.1):
"""the fraction of words assigned to _topic_
that equal _word_ (plus some smoothing)"""
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return ((topic_word_counts[topic][word] + beta) /
(topic_counts[topic] + W * beta))

SRJEFIHTT B A4 BT e B R B A

def topic_weight(d, word, k):
"""given a document and a word in that document,
return the weight for the kth topic"""
return p_word_given_topic(word, k) * p_topic_given_document(k, d)

def choose_new_topic(d, word):
return sample_from([topic_weight(d, word, k)
for k in range(K)])

_BTHIRY topic_weight Z FrLAANBEE S, G A R RHIECE BB R (RERY, A Hrby
Begd o L TARBIHSIERE . A NEMATAEERSE, AR CAn— A RIEA T
RS, AR i A T A R g AN 5 T, BRSO AT REPELA R
%A % AR AT REME .

R AR Z 2 E M. TE, ROTHeR A AL IRS — A1, it
AAHPZHT RS -

random.seed(0)
document_topics = [[random.randrange(K) for word in document]
for document in documents]

for d in range(D):
for word, topic in zip(documents[d], document_topics[d]):
document_topic_counts[d][topic] += 1
topic_word_counts[topic][word] += 1
topic_counts[topic] += 1

FATTHY B AR R J08 - BT o A A SORY - oy A AT I AR A Ak, FRATTAT i i
ZHE SR AR AR A T A R, AR AN TR

for iter in range(1000):
for d in range(D):
for 1, (word, topic) in enumerate(zip(documents[d],
document_topics[d])):

# MBS BRIX A T /2

# LME AL AL E
document_topic_counts[d][topic] -= 1
topic_word_counts[topic][word] -= 1
topic_counts[topic] -= 1
document_lengths[d] -= 1

# TR — A B T
new_topic = choose_new_topic(d, word)
document_topics[d][1] = new_topic
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# DL e E B mE T4
document_topic_counts[d][new_topic] += 1
topic_word_counts[new_topic][word] += 1
topic_counts[new_topic] += 1
document_lengths[d] += 1

XA T 2WE? BT R 2 i 0. 1. 28 3, AnRATELL A 4R
WG, BACRHS N4, TH, ERIPREHEAEBRN 5 A0 (W% 20-1), A
PRARL A0 T B -

for k, word_counts in enumerate(topic_word_counts):
for word, count in word_counts.most_common():
if count > 0: print k, word, count

®20-1: FTEAPRERHLIY

S0 S EH2 E3

Java R HBase regression

Big Data statistics Postgres libsvm

Hadoop Python MongoDB scikit-learn

deep learning probability Cassandra machine learning
artificial intelligence Pandas NoSQL neural networks

HRYE X LEH AR, B Tk nT LAZE IR A T

topic_names = ["Big Data and programming languages",
"Python and statistics",
"databases",
"machine learning"]

LAV AR R Al J2 sy BB B AN P R T T

for document, topic_counts in zip(documents, document_topic_counts):
print document
for topic, count in topic_counts.most_common():
if count > 0:
print topic_names[topic], count,
print

Hha 85 R A TR -

['Hadoop', 'Big Data', 'HBase', 'Java', 'Spark', 'Storm', 'Cassandra']
Big Data and programming languages 4 databases 3

['NoSQL', 'MongoDB', 'Cassandra', 'HBase', 'Postgres']

databases 5

['Python', 'scikit-learn', 'scipy', 'numpy', 'statsmodels', 'pandas']
Python and statistics 5 machine learning 1

WA RAEFRATBEZER A “ands™ 1EAZEATRAIARR, A LFA R AT RETE ZAEHE
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ZHER, REE TRERI I DL FRATBA R BRI E R 2

20.6 FEHET

+ Natural Language Toolkit (http://www.nltk.org/) #& Python i & — /4T (FRdEH 4f)
U NLP THE, *FxAEE, AL 1B (htp:/www.nltk.org/book/) *tEikfT
ST, HHIZAS TR BT %

e gensim (http://radimrehurek.com/gensim/) J&—A~ T @A AY Python &, 5 MKIT
TREEEARLL, B A — M SRR,
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B218

P4 54T

TRIRE R FM O IEA R LT IR R,
—Lfe- REKR

HFATED VF 2 A BB R, A RAEENEEHR & RN T & (node) FEHE
M2 (edge) FrigpifaMZ, ABskfA&E AL T,

l4n, {REY Facebook 4 A& rI LAEAE—A~ W& Hr BT 5, &SR AL /T LAE 1R AR
Fo AIP—AAKWIEHIBIFRE T g MA L, Horh iy dg—~ W GUAR — AT R, A
— A UL 55—~ U A1 A B A 5 A~ P 25 3

Facebook AR R HRAH LAY, Wik d, AnRBE IR Facebook 4F &, A4 IR
HERIAE A XFERIIE, B 1ok v CAUGX R 25 R £ @49 (undirected) . fH
A, HEEEADHEmE, BRI MR A B RS, IEAFOR A E Mk o bt
BRI M, FAIFRXFEEL A % @89 (directed)

AT IS BX PR L

21.1 AL E

1 Zh, IR ReE L 5360 H P IAF A SRR 1 DataSciencester [94% Fh ) e S I5: 2
No BUE, BNMCEA RS LZHTFERFIRILMITIE ST, TH, RIVEREENL
R, BRI 21-1 Bk
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users = [

{ "id": 0, "name": "Hero" },

{ "id": 1, "name": "Dunn" },

{ "id": 2, "name": "Sue" },

{ "id": 3, "name": "Chi" },

{ "id": 4, "name": "Thor" },

{ "id": 5, "name": "Clive" },
{ "id": 6, "name": "Hicks" },
{ "id": 7, "name": "Devin" },
{ "id": 8, "name": "Kate" },

{ "1d": 9, "name": "Klein" }

]
AR P Z AR AR &

friendships = [(0, 1), (0, 2), (1, 2), (1, 3), (2, 3), (3, 4),
(4, 5), (5, 6), (5, 7), (6, 8), (7, 8), (8, 9)]

21-1. DataSciencester f4&

BEAE, FRATTEL A HLPRY dict ST IN T AH R ACT1IFR -

for user in users:
user["friends"] = []

for 1, j in friendships:
# IXREZE AR Ausers[1L& AU A
users[i]["friends"].append(users[j]) # FINUERIHIIAK
users[j]["friends"].append(users[i]) # #HNITESLIIAL
M}, T E P oot (degree centrality) FUHERAHHE, Boh 5 ML B RILE
FATE AT ISP AR N A EARFT

5 —FpE R AR bR AR P AP & (betweenness centrality ), ‘&R AR 28 (T H A 15
R Z B T N . BT S, A ol B T DGl BOm5 5 FT sk 2Rl
T I BSERARRT S ER ], CART A 1k Z AN B s AR R EL R R
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Mg, AR FATAETHE Thor B /vl B, 52 AL Thor ZAMWATA H Pt 2
AR AR, RIGTSH A £ /0 &Rk 2@ T Thor iX /5 4. Ebaniid, Chi (id 24
3) 1l Clive (id 24 5) ZAME—IB IR 258 T Thor iX /4~ &, 1fi Hero (id 2% 0) #A Chi
(id 24 3) Z IR 25 B SR AR MIERYAE A 483 Thor,

ik, 1EAE—F, JONFELHIA o Z R EERE, A, REFEFLTEL
e R R R AR e s, (EE e MR (1], 3 LR R AR SR AR — e (H S %y
5y BRI LT o

AR (ARSI EABP R ARG R —F, FTURMMFAIEE DT

L.

FRATHY B bR — /LA from_user SHH NIUERAL, ‘BREMSH Bk HMh B4 0 P BT
A BRI

FA 1@ P ID BRI SR FOR R . T AR IR AR IS — A1 ke from_
user, PHUEFRATATCAERX AP P FFIZ ID 20% . it Ul, X RRBIERFIRK
T IR A SRR,

A ey — A 424 shortest_paths_to [y ilt, Hg#24 /7 ID, HAEHLLIZ - 1D
LRI ISR . AR R ME— R, AR TR AL E —A e,
RH 2 KRR EIIE, ARSI RGRE A X LR,

WABE R4 — A £k Frontier BIBAFIRAFBAPLERF SRR P, I B EMTHIAF R
Feslh R AH B 75 G2 o FeAl R LUR P 3t i ——BI (prev_user, user)——R 1T
frfif, XAERRRE TR D& AN BIE B — A PR, XABASIR I from_user fFTA
FRABT A TRAR LI (5%, A ZAT NBEA THEE A SI], HeRkL1Th “fEfa
SBEATIRA” BROERN “FERTR P TINER” RAELRE IR EIRES . 1 Python &,
PAZI:& 1 collections.deque BEHuRSEHLAY, SKbr bgRk—MOia AL, )

IR BEA TR RN e, B BB AR A, R AN Rt s e e 1A Bk
B, SR EN MBI LB R BE— B4R, I HLAHT P EA M prev_user,

A HE— T FRBRI BRI, AR Z AT AARB BN I 7, AL THE E A
T ARSI B RS IYEFE prev_user AN RAIR IS E— B AIE.

- HFAINAF A ER — A Z AnE R P, RATIAEERE] T B A ke G

THOU T RABAZAHLAMEIN ), S T M E R E (XFME I A AR
HABNE) .

LS EEEA P, RN C 2 4m T8 A E (S8 2/ eib ) P et
IBENERSY ), XA TP LML T

TA T LR LB PO A (OR%Y) ekt ARRDAN TR

from collections import deque

def shortest_paths_from(from_user):
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# —/~ i "user_id"F1ZH P T A BoRR AR T
shortest_paths_to = { from_user["1d"] : [[]] }

# IRN1FEZELAEN (previous user, next user)PAZI
# MPTAE (from_user, friend_of_from_user)*H45%&F

frontier = deque((from_user, friend)
for friend in from_user["friends"])

# HEIAZI A2 A 1R

while frontier:

prev_user, user = frontier.popleft() # M%)
user_id = user["id"] # BN e —A

# 7B BABR NP 2%

# A BUEE Ml prev_user iy HLE AT K 12

paths_to_prev_user = shortest_paths_to[prev_user["id"]]
new_paths_to_user = [path + [user_id] for path in paths_to_prev_user]

# BATFTRECAHNE T — &R
old_paths_to_user = shortest_paths_to.get(user_id, [])

# 2 HACA L, TRATE R Bk iea 2K
if old_paths_to_user:

min_path_length = len(old_paths_to_user[0])
else:

min_path_length = float('inf"')

# R TIRLENIHR B A KK AV 12

new_paths_to_user = [path
for path in new_paths_to_user
if len(path) <= min_path_length
and path not in old_paths_to_user]

shortest_paths_to[user_id] = old_paths_to_user + new_paths_to_user

#OPEX S AR UL " 4BJE " B frontier
frontier.extend((user, friend)

for friend in user["friends"]

if friend["1d"] not in shortest_paths_to)

return shortest_paths_to
BAEFRAT T LR IX 2L dict FFENFA s T .

for user in users:
user["shortest_paths"] = shortest_paths_from(user)

T, BAELTAILLHER A FOE T, M FEE—XT Ay, IRiEBEEM 2 A
n IR, RIG, XN T BN RERE, RMRERIZREHIEAT SN
FUCEEAN 1/n BIHT

240 | EnE



for user in users:
user["betweenness_centrality"] = 0.0

for source in users:
source_id = source["id"]
for target_id, paths in source["shortest_paths"].iteritems():

if source_id < target_id: # ANEANRE B
num_paths = len(paths) # &/ D R

contrib = 1 / num_paths # UL EEnL/n
for path in paths:
for id in path:
if 1d not in [source_id, target_id]:
users[id]["betweenness_centrality"] += contrib

21-2, REGNDINEGA)LEH DataSciencester f4E

mE 21-2 Fros, AP ORGSO (R BIIASER M FH P 2 AT — S fe i %
7 b)), mAP 3, 4505 NERAEENR.OE (BEhelEi T2 &gz,

— Rk UL, HOERBIEARS I RA ZRE S, B0 A R
HO BESEL S5 AT S AR R

HeAh, B —AEEIRF ST REAE R, BIFTIERI4EL .5 & (closeness centrality), 4G,
AP ER R B (farness), BIZH P2 R A H i B - B9 B AR BE SR,

HTRMNEL U R 3 Z A RRE R, Hik, RExHORFmET, (kA2
AR, I HABRA MR E, ABARITAEREE—A/T,)

def farness(user):
"""the sum of the lengths of the shortest paths to each other user
return sum(len(paths[0])
for paths in user["shortest_paths"].values())

wn
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Rk, HLh.OER TR RERN T (LA 21-3) .

for user in users:
user["closeness_centrality"] = 1 / farness(user)

21-3; RIBESFDINE L H8) DataSciencester f4%

FAMEE], RAEHERRL ORI RN T R, ER A & s AR/ D B2
REARK

BRI B RIRIISHE, TR 22, Kk, Fardno BRI O ER
TR, B —F A kBRI IER 2+ 9 & (eigenvector centrality), HTi1E
RS, FiLAE I .

21.2 $FEEEHIE

SN AR RO, RATRASATHERER &, MmN R &, A1
AT LRFE R

21.2.1 5EPESE;

[Ri% A—" n <k J5FE, BR— nxk 5, JFH k& = n,, B2XPAFEFER TR

AyBi+ ApByto+ ABy,

T, FAVUHRAERE 4 195 i fr (TUWLA— A1) SR B 1S j 51 (D rTLAALA
—ANiE) AR, BARRRDA T RUR:

def matrix_product_entry(A, B, i, j):
return dot(get_row(A, 1), get_column(B, j))
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ZJE, BV AT LG T AR SRR SR s L T

def matrix_multiply(A, B):
nl, ki1 = shape(A)
n2, k2 = shape(B)
if k1 != n2:
raise ArithmeticError("incompatible shapes!")

return make_matrix(nl, k2, partial(matrix_product_entry, A, B))

HIER, R A=A nx kR, BRE—A k< 1V, M2 AB WA nx 1 HERE, ik
TNV B R —GEHERE, kT DME A4 BAVERRE k Gk ) Sl A n Gl i) — />8R
B, Kbr B4 Bk AR R

ZH, FA TR R S EOR A SR, bR L Z AR AR AT Y

v = [1, 2, 3]

v_as_matrix = [[1],
[2],
[31]

B, FATFEE SRR B R AL, DB SRR A Z A i et .

def vector_as_matrix(v):
"""returns the vector v (represented as a list) as a n x 1 matrix"""
return [[v_i] for v_i in V]

def vector_from_matrix(v_as_matrix):
"""returns the n x 1 matrix as a list of values"""
return [row[0] for row in v_as_matrix]

A —&, T 15k AT LA matrix_multiply 2K & AR IGE T .

def matrix_operate(A, v):
v_as_matrix = vector_as_matrix(v)
product = matrix_multiply(A, v_as_matrix)
return vector_from_matrix(product)

YA R, ARVES R n HERI EBUE A 5 — A n e R, T RARRE 4 Fim &
v, Xt v AT A B A R RS ST bR Rk R & v, BRI RS v [
Mo MKAXFEN (Hv AgTmm) B, JBIOFRy A4 iee 2, FF, JRIORX
AR M A 4E4A (eigenvalue) .

WE SRS A WIRRAE A) e —Fh w4705 B B — AN BEHLIA & v, SRJGFIH matrix_operate X
Hde iR, WSSl —AN KR 1 RE, BRI R ERSCh 1k

def find_eigenvector(A, tolerance=0.00001):
guess = [random.random() for in A]
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while True:
result = matrix_operate(A, guess)
length = magnitude(result)
next_guess = scalar_multiply(1/length, result)

if distance(guess, next_guess) < tolerance:
return next_guess, length # eigenvector, eigenvalue
guess = next_guess

T X P T kR [l 1Al guess P ELATIX AR p . M VRXS N ] matrix_operate f%
FREHAC SR | WRHEE, 1531 E S5H B SARCHERE . XEtEWRE B — M RHER .,

TEER, JEARIA R SCBOERE AR B A RHAE R RAMREE. B4, 15E TR

rotate = [[ 0, 1],
[-1, 0]]
AR AR Y 1 R A 42 IR B 5 1m0 o [l B E L 90 B, X ERR A, AT IX AN HRE R UL,
HA A S Re s me it 20 3 & 5k B, XA m st R m i, AR Rt find_
eigenvector(rotate), ‘B&/RKILET &, B & HARMER RAVER:, AR EbSHEA
XFBEIEIN . AT AR «
flip = [[0, 1],
[1, 0]]
PR E [, y], XAEREESRE B [y, x], XEW®RE, [1, 11&—7
FRAEE A | RRE M &, (B2, AR RN — x fl y FEA A I RELIA &= & FRi6, A
2., find_eigenvector 425K I A H X BIASAAARTE , FF H AW AL Tk, (Not-from-
scratch A& —/~2K{L)F NumPy fJ Python &, HT'ERH T AR 3, FLGEga
AL PLX TS ) Rk, %2 find_eigenvector fEiR Bl — A4, MBAXANEERE
TE A — IR I] i,

21.2.2 HILE
AN TR FHRRAE 17 e 5 B B TR M DataSciencester BIZSWE 2

B, Tl 1755 H adjacency_matrix SKFRML HIER:, HAE 1) MCENEEL S
1 (A i FU P R IRARITE), B2 0 (AR A& A IS -

def entry_fn(i, j):
return 1 if (1, j) in friendships or (j, i) in friendships else 0

n = len(users)
adjacency_matrix = make_matrix(n, n, entry_fn)

AR PR, M ARRE ) RO B kAR AE Find_eigenvector iR [B] AU ARAE ] & 1%
AP RAA e E (ILE 21-4) .
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HAHERATXEMA LU T, KK R BB AL AR 1 AR M6 P B R
— A PE SRR E R AT T . s, TR EMEBT find_
eigenvector FREERENSH X fh adjacency_matrix,

eigenvector_centralities, _ = find_eilgenvector(adjacency_matrix)

& | D—o—

B 21-4; RIRHTEHEDINELE)H DataSciencester L&

FAER O BRI, AUSIIER 2SR, i BB TEER R A R m o
JERIARLEN

st EEIE, P VR 2 BA RO B, o BT I /AR = Skl )
HA G ORI AR R, IO o B2k TR,

FEXB/NRTIL, b, RRAEA RO BERIT A S AL R, IR I ROE FR I 6,
PREKBL, REX MBI TEIE S,  Hol BB 2 R A PR B . 3 T ERAR
RIS M8 R BE, SRR DLk AN K AL

FAMRBA N BT LR R ERE A R R rhuO B X BOARFE R R,
RORUR

matrix_operate(adjacency_matrix, eigenvector_centralities)

HEE R 2T H— /bR & 229U elgenvector_centralities,

ARAR T ARAERS eI AL, k23 il matrix_operate SRR FAEE i AT
dot(get_row(adjacency_matrix, i), eigenvector_centralities)

X bR bt xR | B9 R IRHE ) O e A ok

BT, FRAET RO R e, B PR R AN BUE AR F P (E ek
REMBEIARSBIE Z AR E (5 8. AEXFMEOL T, Aol B Bk B L T O A A 58
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WA . PREESEI NI O BB, PREG O R bk . 228, X R — AN E X,
T A AIE ) A A T B S RPR AT 2 1 1

XA S —FRELR DT, APtAE % %% find_elgenvector AL HIALER TS5, BE e
A RBEIRE — DR, RIEELLTRADE, B E RS 1L,

LA S — R O B 8, o B T AR R () Al 5 5
Z 0,

2. RO R, EREHR/NVER 1 A1k, R MBS E & BRI B SR AR
AR, R RA ST S, SRMAYE SRR (X— 5o EARE), Fi,
ARG T BRI ML E

21.3 A E5PageRank

T DataSciencester (%A 2R3 AMTEAGLE R, ik, St @S g e ki M W22 &
FERAL B BRI, SESCIERH, BR T m B A L AR S OB LR R K 22 Hofth
BARFFERERZ I, BAHBIAR Z R R R RIEE.

LEXASFREIB b, PRI ICTER R (source, target) FAFIRE KR FK, M M
J source A FH P target S — (A NIFEAEERERA R (WK 21-5), Fik, ®IMFE%
FEIXFHASKEFRE -

endorsements = [(0, 1), (1, 0), (0, 2), (2, 0), (1, 2),

(2’ 1)’ (1’ 3)) (21 3)1 (3) 4)} (5) 4))
(5, 6), (7, 5), (6, 8), (8, 7), (8, 9)]

for user in users:
user["endorses"] = [] # SIS ERSN T IR
user["endorsed_by"] = [1  # BB Ir—AFIF KB LB
for source_1id, target_id in endorsements:

users[source_1id]["endorses"].append(users[target_id])
users[target_id]["endorsed_by"].append(users[source_1id])

21-5. EFEBN*ZH DataSciencester (4%
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XAERYIE, FATHERE B4R ) 28 i ] most_endorsed (d3#f5%
Frxsefs BB IELA:

endorsements_by _1d = [(user["i1d"], len(user["endorsed_by"]))

for user in users]

sorted(endorsements_by_id,
key=lambda (user_id, num_endorsements): num_endorsements,

reverse=True)

1) BaaftrEs, Mif

PRI, CBEREEC XMHRRRERE SRR, bRk, fRA SO R R I,

SRIF IR LIk P 45 IR

(Bl P 0. 1502 ik dix 2T, )
KL, $5brif B2 BRI A R B R AR A, ki, ok A 5 A0 2 1 A

SRRy B VIR T S DRI N B . X kPR bt PageRank FikHY

FH AH

PISAPILAY

CEAT T BE, RIE AT AR AT e, # BT,

e,

Google &R HI B Wb HEART, T2 9E7%5 B AT BERERNZ Wb R oAb . Bk I% M
S BERR S

(XA A LR T RAHIE ] O B R BRI NE? )
X AR AR R AR A

1
2
3.
4

. M2 PageRank M504k 1 (8% 100%) .

. B, XA PageRank #¥45) 5 A B 1Y &A1 p
fedg—eh, A S PageRank fRK 0o #5000 A SO EE B
RSB, A A PageRank FYHEAB S B I A B BT T A L

def page_rank(users, damping = 0.85, num_iters = 100):

# —H 455 %) 45 FiPageRank
num_users = len(users)
pr = { user["id"] : 1 / num_users for user in users }

# iXjEPageRankf—/Nilsy
# AR T A HRTER
base_pr = (1 - damping) / num_users

for __ in range(num_iters):
next_pr = { user["id"] : base_pr for user in users }
for user in users:
# fPageRanksy #i B Sl hE b
links_pr = prluser["id"]] * damping
for endorsee in user["endorses"]:

next_pr[endorsee["1d"]] += links_pr / len(user["endorses"])

pr = next_pr

return pr

2% 534
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PageRank (LI 21-6) EWH, M 4 (Hghd Thor) EHEAmmAVEHRFHAK.

21-6: FF PageRank #4689 DataSciencester 4%

S50, TFI2A8EE, BRSHEEEMA 24) A%, HEhiEEEeRE% g S
Ji B SRS BEAN, PTG R b T, R ERE AL SR AT
HIHEA o

21.4 EH=EY

o BRTAIN BRI ERPRIL, B A TR 2 H A AFRHEAR (https://en.wikipedia.org/
wiki/Centrality ), it ix BT 28 A Lo B LIS 7.

e NetworkX (http:/networkx.github.io/) #&—/~FHT ML Hr i) Python JE, B A3R1HEML
TVFZ A, RSB R A0 B DL S B B TR

+ Gephi (http://gephi.github.io/) A& —A~1k N Z 158 2 & T & B P 55t 1o 1) I 4% W] 4k
TH,
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B22F

wh, ZX, ZX, RAMF Lo, £ T DA AZE S XA HE] 9 |
—FAH - ERT

BLsrh, FIHECESE (SR SRR WU, fl4n, Netflix REAS A FH P HE 7 (b 7T 7T EAH
BIRRS, EEh b2 ) PRHER VR AT RE S SRR i, Twitter 25 24 PRAESF VR AT REARSCTEM
Fo RFEAES A URF AR R L SR LU 05 1

FHR YR, X B2 2L users_interests J& 2 Biimt 4 i i — /4B 45

users_1interests = [
["Hadoop", "Big Data", "HBase", "Java", "Spark", "Storm", "Cassandra"],
["NoSQL", "MongoDB", "Cassandra", "HBase", "Postgres"],
["Python", "scikit-learn", "scipy", "numpy", "statsmodels", "pandas"],
["R", "Python", "statistics", "regression", "probability"],
["machine learning", "regression", "decision trees", "libsvm"],
["Python", "R", "Java", "C++", "Haskell", "programming languages"],
["statistics", "probability", "mathematics", "theory"],
["machine learning", "scikit-learn", "Mahout", "neural networks"],
["neural networks", "deep learning", "Big Data", "artificial intelligence"],
["Hadoop", "Java", "MapReduce", "Big Data"],
["statistics", "R", "statsmodels"],
["C++", "deep learning", "artificial intelligence", "probability"],
["pandas", "R", "Python"],
["databases", "HBase", "Postgres", "MySQL", "MongoDB"],
["libsvm", "regression", "support vector machines"]

1
I, FRAZET5 R An (T ARE - 24 Wi A4 ) HAE 7 T A BB AR T
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22.1 FITEH

FETIRI L Z R, AR IR E RIS LE A s, Bna R EBiES, IPRAES
BRI B IR RE AR TR S SRR B RS R SRR 5 FE

% T DataSciencester FJ 1 /7 S HS B BCR AT, R AFTHES—A> TR Rl REfe faid
T N5 A 454 T P HERE M (VS BB AR P o AR R G TR TE ARG, B EZ T
PRAVAS NRIEREEG Ty, (48K, RIFABR AR WA RN AREFBR R DA R, )
B, AL LB AR MOX (5 .

‘..|_|_: /-
22.2 HEFERITEY
— /> PRA TR B 7 A A A LR A TR AR P -
popular_1interests = Counter(interest

for user_1interests in users_interests
for interest in user_interests).most_common()

RENEE R AT REMR T T IXAE «

[('Python', 4),
('R', 4),

('Java', 3),
('regression', 3),
('statistics', 3),
('probability', 3),
1

SER BTG, Tk wTUAR FH P HEE AL M BT SR  THY . b 1o A B BRI AR -
def most_popular_new_interests(user_interests, max_results=5):
suggestions = [(interest, frequency)
for interest, frequency in popular_interests

if interest not in user_interests]
return suggestions[:max_results]

B, AR RER P 1, FHH 2R 5EA .
["NoSQL", "MongoDB", "Cassandra", "HBase", "Postgres"]
Mo, FAI VRIS T AN -
most_popular_new_interests(users_interests[1], 5)
# [('Python', 4), ('R', 4), ('Java', 3), ('regression', 3), ('statistics', 3)]

SRR L 3, i BRI X EE ARV A IR £ Fh R R Z BTSSRI E T, AP AR5
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T

[('Java', 3),

('HBase', 3),

('Big Data', 3),
('neural networks', 2),
('Hadoop', 2)]

AR, “IRZ A Python 48R, FLARL AT RERCLHER” JHAE R HA VLR DRI NS,
ARFE N TGN, Bl D —TCRr g, 20X alRERb e e dF R T T T
T LEFRATTR A A Al AR FH P BB 1k B 4 AN

22.3 ETHRFRBIBREEERE
—FRF P 2LR 7 5 1 AR TR X S 2L B MBI N, ARG TARTE X LE A2 4F
K R URHETE VR AT RE B LR T 457

b, AR — R AR R A P 2 R AR B, i Bk, IR
HIFEARIUE 42 5% 4 0% (cosine similarity), 257 FAN A v Flw, AR E LA T
Fios:

def cosine_similarity(v, w):
return dot(v, w) / math.sgrt(dot(v, v) * dot(w, w))

EHRME v A w ZEW “MAEE™. R v Al waRR a4 T5 1), B4 5y Fnsy BEERAR SR,
PO AR BZARLEE ST 1o a2k v A w AR RAH RT3 ], AR AR s A DU sk 5 T -1, 4n
RVETO0, MWALRWwEERAHO (RZIFK), dotv, w) BAFT 0, FrLARZHLLE S
40,

BASHEXAE T B B 0 Fn 1 ki ki, HomA msEiRR— P E
FFPEAT . AR P | RS ERAIIE, W v R, SR 0, KUk, “ZAFARL
IR P g LR S5 PR 7, SLEse AR P, AR
J 1, A ILRCLERH P, HARCLE A 0, BWIAIE, HARCIE S TS 20l i%
HUERREET 1, o SEARTL, IZEUEBERT 0, Fon “BARMTL,

RV, MR SLGERIAHR () RERSIBE T2 AN TR, Ak, &
TR DA S A RO AR IR N T GBI R B ke, AR BT E — A7k s, st
H AT HET . XIS, TEX D FIRAPIE — A h a5k 0, HAth LA

unique_interests = sorted(list({ interest

for user_interests in users_interests
for interest in user_interests }))

FAVRREN P, FKE TR




['Big Data',
"C++',
'Cassandra’,
'HBase',
'"Hadoop ',
'Haskell',

1

TR, BRMELBNHP AR W0 L AR “2ol” ms, Ak, A FED
unique_interests #I|3&, AR A SR GER, WIAHRCHEE 1, GIIE 0:
def make_user_interest_vector(user_interests):
"""given a list of interests, produce a vector whose ith element is 1
if unique_interests[i] is in the list, @ otherwise"""

return [1 if interest in user_interests else 0
for interest in unique_interests]

ZJE, BATERTCABIE 248 HERE, Ak, FRTATEREXA eh B S 2] th P 2484
B FIF 512 LT B

user_interest_matrix = map(make_user_interest_vector, users_1interests)
BUE, AR U585 48R, I user_interest_matrix[11[3] 4T 1, N4 O,
M TR AR /N, R AT A H P 9 2 (8] AR (LR A T AR AR
user_similarities = [[cosine_similarity(interest_vector_i, interest_vector_j)

for interest_vector_j in user_interest_matrix]
for interest_vector_1i in user_interest_matrix]

fEiX ZJ5, user_similarities[1][3] AUBIE ML AEAS S URFRITAL i T 7 Z I AARIDUE .

AR, user_similarities[0][9] %5 0.57, XA~ P &B* Hadoop, Java il Big
Data BE24HR, [RIF, user_similarities[0]1[8] PI{EH A 0.19, BAH M0 FH " 8 R —
A EIFLER, HI Big Data,

it user_sintlarities[1] i, ‘BT M T LA TArA 1AL . 3ATATEAM
BREARE, R BN P EARURTH - [FR, RS2 ARX EAEAE
FUE B CARARILEE S O BIABEERT P o T 3 1 AR LLEE R E /N G P £ R dE A T HE e «

def most_similar_users_to(user_id):

pairs = [(other_user_id, similarity) # A
for other_user_id, similarity in # HAH
enumerate(user_similarities[user_id]) # k%

if user_id != other_user_id and similarity > 0] # FH{LIE

return sorted(pairs, # R HEF
key=lambda (_, similarity): similarity, # AL
reverse=True) # HRFEN
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ZEGIRUL, AR A TR R & most_similar_users_to(0), FHFE| 714t «

[(9, 0.5669467095138409),
(1, 0.3380617018914066),
(8, 0.1889822365046136),
(13, 0.1690308509457033),
(5, 0.1543033499620919)]

A2, BATTZANATA XA S5 R P AT SRR Y o T AR AR 48R, AT LR Atk
et HL IR FH P R P ARCLEE B>k «

def user_based_suggestions(user_id, include_current_interests=False):
# ROARCUE ek
suggestions = defaultdict(float)
for other_user_id, similarity in most_similar_users_to(user_id):
for interest in users_interests[other_user_1id]:
suggestions[interest] += similarity

# ek CHpF 51k

suggestions = sorted(suggestions.items(),
key=lambda (_, weight): weight,
reverse=True)

# JEH CH AT RE) HEBR CAR (R
if include_current_interests:
return suggestions
else:
return [(suggestion, weight)
for suggestion, weight in suggestions
if suggestion not in users_interests[user_1id]]

A RILATHH user_based_suggestions(0), AL (EHEFERISLHRAH ELESSERTAY LA

[ ('MapReduce', 0.5669467095138409),

('MongoDB', 0.50709255283711),

('Postgres', 0.50709255283711),

('NoSQL', 0.3380617018914066),

('neural networks', 0.1889822365046136),

('deep learning', 0.1889822365046136),
('artificial intelligence', 0.1889822365046136),
#...

]

XEETRVEX T AFRA “Big Data” FIACHE AR G TUBSLRRT AR UL, 72k 1 it A
ARV, GXERE A SRR, ellTE T T, )

Hag, H2LGERAECRRACHINEE, XTSI A 7. BICHE 12 b fr 8R4 LK
MER 2 T e g (] e, 2ok 22 Hm) = TR ER R BRI (e 1 Z [R5 1A
BIRRK) o WA, 2 LBRAVECR RN, B S E M7 “BARURIH 2T, kbr
AR ATREARAS A L Z AL
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BR AR DX R, (et 23U, WELW TR THUAT HATR
e PR AT RE IR P W AR AR R H BR B2 P, HAEX AR b, BRTHRACZ
S, BABRAUERIWE K BB E R T LIS RARCIEYT R, RIRATEE
ARG T, Bk, fr bl LAt R 25 AT, JEAS batide 1k — /il ks
IR .

22.4 ETYmuthEIEEE

WA R, BVES MRS Z RIATHILRE , SRJH 5 P 2 mi 4B AR (DL 48R i
Bk, T P SR AR .

B, TRA1EE P LR T 45 B (transpose) , DAMEATHE R T-248k, FI6F R T-H

interest_user_matrix = [[user_interest_vector[j]
for user_interest_vector in user_interest_matrix]
for j, _ in enumerate(unique_1interests)]

Xaofez i, SR fE? X, JEPE interest_user_matrix BY 47 j 5k A& %H B user_
interest_matrix %1 3, Wi, 1 ZomM ARG, 03RRI 3h R

ZEFA, {RIX unique_interests[0] 4 Big Data, #i4, interest_user_matrix[0] 4.
[1’ 0’ 0’ 0) 0, 0’ 01 0’ 1’ 1’ 0’ 0) 0, 0’ 0]
XA P 0. 8 F1 9 #BXT Big Data /824,

BUE, FATRTCATRRFIH 452 A0 LB . A=A 8 P2 2B A, B4 BTRIAHE
(A 1, AnRENEA TR P 3 — A2 EAN, A ENIRADERE 0.

interest_similarities = [[cosine_similarity(user_vector_i, user_vector_j)
for user_vector_j in interest_user_matrix]
for user_vector_i in interest_user_matrix]

fldn, FATTCLEE T A RESEH 5 Big Data (G488 0) HARLIATIR .

def most_similar_1interests_to(interest_1id):
similarities = interest_similarities[interest_1id]
pairs = [(unique_1interests[other_interest_id], similarity)
for other_interest_1id, similarity in enumerate(similarities)
if interest_id != other_interest_id and similarity > 0]
return sorted(pairs,
key=lambda (_, similarity): similarity,
reverse=True)

A A AR
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[('"Hadoop', 0.8164965809277261),

('Java', 0.6666666666666666),

('MapReduce', 0.5773502691896258),

('Spark', 0.5773502691896258),

('Storm', 0.5773502691896258),

('Cassandra', 0.4082482904638631),

('artificial intelligence', 0.4082482904638631),
('deep learning', 0.4082482904638631),

("'neural networks', 0.4082482904638631),
('HBase', 0.3333333333333333)]

BUE, TR LA A5 H G AR LA AR PR A AR I .

def item_based_suggestions(user_id, include_current_interests=False):

# FEARCL S HRAR N

suggestions = defaultdict(float)

user_1interest_vector = user_interest_matrix[user_id]

for interest_id, is_interested in enumerate(user_interest_vector):

if is_interested ==
similar_1interests = most_similar_interests_to(interest_1id)
for interest, similarity in similar_interests:
suggestions[interest] += similarity

# ARYEACE R HAEF

suggestions = sorted(suggestions.items(),
key=lambda (_, similarity): similarity,
reverse=True)

if include_current_1interests:
return suggestions
else:
return [(suggestion, weight)
for suggestion, weight in suggestions
if suggestion not in users_interests[user_id]]

A0 R HRY (B R 24ny) il

[('MapReduce', 1.861807319565799),

('Postgres', 1.3164965809277263),

('MongoDB', 1.3164965809277263),

("NoSQL', 1.2844570503761732),

('programming languages', 0.5773502691896258),
('MySQL', 0.5773502691896258),

('Haskell', 0.5773502691896258),

('databases', 0.5773502691896258),

('neural networks', 0.4082482904638631),
('deep learning', 0.4082482904638631),

('C++', 0.4082482904638631),

('artificial intelligence', 0.4082482904638631),
('Python', 0.2886751345948129),

('R', 0.2886751345948129)]
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22.5 IEH=EY

e Crab (http://muricoca.github.io/crab/) J&—/FTiEHESRF 2 SiH Python HEZR,

e Graphlab b 2 fit 7 — /> #it % L H & (https://dato.com/products/create/docs/graphlab.
toolkits.recommender.html ) ,

e Netflix Prize (http://www.netﬂixprize.com/) —TEL i E AT Feh 3, B E 0 Netflix
FH PT84 1 LR R G
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B23F

iR SS0L

EIL, AmWESOIAA, WARTHGEA,
—F R1a4F - ML

FeAE FH A Bl 5 A7 AR e . BRI F R A i S AR RS, HaRER
OEARERT % AR (relational) £t¥E/%E, 540 Oracle, MySQL 5 SQL Server, ‘B HE4L
PWEFEERP, L EE gt EIRNIES (SQL) KA, SQL &—Ff H kP H R
FEEPEIE S,

SQL Z ¥R 5% TP Y EEA—H84r . A2 P12k 614 NotQuiteABase —
A AU BB FERY Python 523, F&A14 %21 SQL yZEatZniN, H H 7 T T LB 72 v
JErR e TAER), XATERN TR AR e TR R R 5. A2 Rl

itk NotQuiteABase H AN, AT LMRAFHEER MR AE SQL A An{al fift A ] Y [ el

23.1 CREATE TABLEEINSERT

KRB AR (IRRZARR) MBS, RRfTERES, X 5RAHIHE
WAHEREA T, (HREA B ey th, BE514 5516,

i, (RBAH—NEHRSE users, X T P BRI E =& user\_id, name 1 num\_

friends.

users = [[0, "Hero", 0],
[1, "Dunn", 2],
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[2: "Sue", 3],
[3, "chi”, 3]1]

FE SQL H, FRATATLGX AL QIR «

CREATE TABLE users (
user_id INT NOT NULL,
name VARCHAR(200),
num_friends INT);

FE, FRAT%E user\_id F1 num\_friends #4505 i %% ( H. user_id A w] LA NULL,
o NULL RN, 0L T B0 None) , FF FL 45 S8 AU K B A A T 200 95 75 4
NotQuiteABase /"5 JERA, (Hix BN UIEESFEIE,

SQL JLPAKX sy K/ANERGEHE N AASHRIR/NE S5t A B A A
. SRR AR 2] SQL, RATRESIE LA R KU I

PYRATLA(E H INSERT 1B AR 4H AL T :
INSERT INTO users (user_id, name, num_friends) VALUES (0, 'Hero', 0);
HE, SQLIEBNFREH S5 R, H AR EEMHRS SR,

£ NotQuiteABase 1, SR L %€ 51| Ak REBIEE — 4. HBEA T, RATEL
fEHIZRY insert() T5ih, EXATIIEMEN —MRETEMFIZER, TEFREENS] LT
HEF1,

WA BB, Bl AT ER T — A WS L BB S B -, — A EOERVEEE A
SR AR T3, HXAEMOT EARE NotQuiteABase B 55 TAL L .

class Table:
def __init__(self, columns):
self.columns = columns
self.rows = []

def __repr__(self):
"""pretty representation of the table: columns then rows"""
return str(self.columns) + "\n" + "\n".join(map(str, self.rows))

def insert(self, row_values):
if len(row_values) != len(self.columns):
raise TypeError("wrong number of elements")
row_dict = dict(zip(self.columns, row_values))
self.rows.append(row_dict)
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Bildn, FATATLEAGIAE .

users = Table(["user_1id", "name", "num_friends"])
users.insert([0, "Hero", 0])
users.insert([1, "Dunn", 2])
users.insert([2, "Sue", 3])
users.insert([3, "Chi", 3])
users.insert([4, "Thor", 3])
users.insert([5, "Clive", 2])
users.insert([6, "Hicks", 3])
users.insert([7, "Devin", 2])
users.insert([8, "Kate", 2])
users.insert([9, "Klein", 3])
users.insert([10, "Jen", 1])

ARARATEN users, AILLEFH]:

['user_id', 'name', 'num_friends']

{'user_id': 0, 'name': 'Hero', 'num_friends': 0}
{'user_id': 1, 'name': 'Dunn', 'num_friends': 2}
{'user_id': 2, 'name': 'Sue', 'num_friends': 3}

23.2 UPDATE

A i PR 2 SR AT (6 T8t b B . Bil4n, 402k Dunn S50 T — G A, 1R
FRAF XA -

UPDATE users
SET num_friends =
WHERE user_id = 1

HROFHER «

o WSRO
o WREATIR R
o WRLE B AR
o OHERLIZAE A

FA ¥4 NotQuiteABase M2 LIHY update 5k, H—ANEAE dict, HEEEET R
Hl, HAEE X T ERIHTE, % A& A& predicate, 'BXEHEEHAVITIRE True, &
MR 5] False:

def update(self, updates, predicate):
for row in self.rows:
if predicate(row):
for column, new_value in updates.iteritems():
row[column] = new_value
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SRIGERAT R T XA .
users.update({'num_friends' : 3}, # %5 num_friends = 3

lambda row: row['user_id'] == 1) # ffuser_id == 1/Jf7r

23.3 DELETE
SQL A MR ik T LIMEZR MERAT . — A~ bLBoA WA TG i HAR MR A AT

DELETE FROM users;
e G — R 5 752 0 WHERE -4, I o D i B2 Rh 5 PRI A T

DELETE FROM users WHERE user_id = 1;
FEFR A ILX D REMRZE ) -

def delete(self, predicate=lambda row: True):
"""delete all rows matching predicate

or all rows if no predicate supplied"""
self.rows = [row for row in self.rows if not(predicate(row))

AR PRIEHE T — /> predicate pi4L (Bl WHERE £-41)), B2 (UMBUARLE 2 S HI91T. Ak

RATR LA predicate s, BRINADRIEBLR B True, SRJEMIIEE—1T,
Bil4n .

users.delete(lambda row: row["user_id"] == 1) # fiiffiuser_id == 1/{yf7
users.delete() # Mhsidg—47

23.4 SELECT

W, BAASEHEAR SQL R, Mgl —/> SELECT {EH) A 1.

SELECT * FROM users; -- BEENE
SELECT * FROM users LIMIT 2; -- FEEELT
SELECT user_id FROM users; -- AR EIREY]

SELECT user_id FROM users WHERE name = 'Dunn'; -- HGF|FrEST
PrULFTEAE i SELECT JEA TR B -
SELECT LENGTH(name) AS name_length FROM users;
el 1245 Table 28—/~ select() FykiR [l —A-fT Table, iX/~75 iR MRl i1 4]

* keep_columns Fl] [ IRAYRAEER MR EIIFI 4, ARG MLX—I0, SRABETH
5,
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* additional_columns &—/~=tlt, ‘BHIBERFIIIA, (ERAE M TR FIER A%,
WERPFA L, IR ASHBR— RIS TR R A
def select(self, keep_columns=None, additional_columns=None):

if keep_columns is None: # WA RES]
keep_columns = self.columns # II3X [l F7 45 1]

if additional_columns is None:
additional_columns = {}

# SRR

result_table = Table(keep_columns + additional_columns.keys())

for row in self.rows:
new_row = [row[column] for column in keep_columns]
for column_name, calculation in additional_columns.iteritems():
new_row.append(calculation(row))
result_table.insert(new_row)

return result_table

select() 253 FIFTHIZE, Wi—MEHY SQL SELECT {2 A B FhI At 45 4 (B dEfR b
BEERSA—ANE),

A MLFEZE where() 1 Uimit() F59k, PEFPTS AR ) 5.

def where(self, predicate=lambda row: True):
"""return only the rows that satisfy the supplied predicate
where_table = Table(self.columns)
where_table.rows = filter(predicate, self.rows)
return where_table

win

def limit(self, num_rows):
"""return only the first num_rows rows
limit_table = Table(self.columns)
limit_table.rows = self.rows[:num_rows]
return limit_table

mwun

SRIGEATTAT IR AR O 542 /I SQL 1B A4 1Y NotQuiteABase 1541 :

# SELECT * FROM users;
users.select()

# SELECT * FROM users LIMIT 2;
users.limit(2)

# SELECT user_id FROM users;
users.select(keep_columns=["user_id"])

# SELECT user_id FROM users WHERE name = 'Dunn';
users.where(lambda row: row["name"] == "Dunn") \
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.select(keep_columns=["user_1d"])

# SELECT LENGTH(name) AS name_length FROM users;
def name_length(row): return len(row["name"])

users.select(keep_columns=[],

additional_columns = { "name_length" : name_length })
HEE— A TA P — IR X BB \ KT FIE S TIES:, 5H

b5 AREL, FNAIX AN TG 5 AT LALE B /E—#2HY NotQuiteABase 2 154 51,

23.5 GROUP BY

FB—Fh WA SQL #21E 4 GROUP BY, ‘B w] LUKHAENR: &4 A FIEHEAIFT AT 04, Ikt
g IC A ME, 40 MIN, MAX, COUNT B SUM, ([EIZ8 103 %5 “RLEEZE” 23R group_by
%)

B, VRGO AR FTRERT 44 T FE B AR B TP 5 B e/ )s user_id.:

SELECT LENGTH(name) as name_length,
MIN(user_id) AS min_user_id,
COUNT(*) AS num_users

FROM users

GROUP BY LENGTH(name);

FeA sk SELECT A= g~ B, B FEEELE GROUP BY {EAJH5EHL (name_length FifA&ix
), BE2FEEILEAIE (min_user_id Fl num_users gf &iX ),

SQL [RIFES#5 HAVING 7-41), ‘&0 WHERE T425{0), SR AR B g i (e
ICREHE Z Aistai8) .

WV PRABJNTE 4 T DAL S e - B SA I P IR AR, S5 RAAER] TN ECK
T g R, Gy, e RReef 12 N A, )

SELECT SUBSTR(name, 1, 1) AS first_letter,

AVG(num_friends) AS avg_num_friends

FROM users

GROUP BY SUBSTR(name, 1, 1)
HAVING AVG(num_friends) > 1;

(AL BE 75 1 e B 23 6 T A RIS SQL SEBLIMA BT ASIR] s —LE%0HE 2 23 il SUBSTRING B3
)

PR FTCATH RS AR B E, X A4 ] GROUP BY

SELECT SUM(user_id) as user_id_sum
FROM users
WHERE user_id > 1;
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2T % NotQuiteABase 7% 34 13X 1 o6 £ ThRE, T A 134 — /> group_by() 5%, ‘BE L
TRATE S HIF 44, VRA S L0847 AT A R B 5 SR 1R T 2 47 A9 T3 0 5 B

having,
RIETERLL TR,

Lo AERREOA AL, B GRMEARY) TSR (BEHEsrIH). i, 5%
ARTDAAVEFJLaEE s fREHE T4,

2. i IR 1T, BT defaultdict,

3. FHIERhEI I P BT .

4. i defaultdict, JREEHHE. 1 having i if (ARAWIIE) .

(SEBRATEAE P 2 AT R0 T e Bk 265 0% )

def group_by(self, group_by_columns, aggregates, having=None):
grouped_rows = defaultdict(list)

# A

for row in self.rows:
key = tuple(row[column] for column in group_by_columns)
grouped_rows[key].append(row)

HERFPREHY S
result_table = Table(group_by_columns + aggregates.keys())

for key, rows in grouped_rows.iteritems():
if having is None or having(rows):
new_row = list(key)
for aggregate_name, aggregate_fn in aggregates.iteritems():
new_row.append(aggregate_fn(rows))
result_table.insert(new_row)

return result_table

MR ER D T 7EHSERT SQL & AR HRERREM T 4 BIEI T ik, name_length Frifi IR
WTPR:

def min_user_id(rows): return min(row["user_id"] for row in rows)
stats_by_length = users \
.select(additional_columns={"name_length" : name_length}) \
.group_by(group_by_columns=["name_length"],
aggregates={ "min_user_id" : min_user_1id,
"num_users" : len })

first_letter PR g Tomt .

def first_letter_of_name(row):
return row["name"][0] if row["name"] else
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def average_num_friends(rows):
return sum(row["num_friends"] for row in rows) / len(rows)

def enough_friends(rows):
return average_num_friends(rows) > 1

avg_friends_by_letter = users \
.select(additional_columns={"'first_letter' : first_letter_of_name}) \
.group_by(group_by_columns=['first_letter'],
aggregates={ "avg_num_friends" : average_num_friends },
having=enough_friends)

user_1id_sum [brfEF AR .
def sum_user_ids(rows): return sum(row["user_id"] for row in rows)
user_id_sum = users \
.where(lambda row: row["user_id"] > 1) \

.group_by(group_by_columns=[],
aggregates={ "user_id_sum" : sum_user_1ids })

23.6 ORDER BY

REZHFTFEMNEERA . toan, IRWVFREAE R A T PRy &5 (35 BRI HE
FrEd)

SELECT * FROM users
ORDER BY name
LIMIT 2;

AILLGH A RS — - E A HET (order) ZhEEY order_by() 75Kz 5 LBl .
def order_by(self, order):
new_table = self.select() # Tk E

new_table.rows.sort(key=order)
return new_table

SRIGFRATRT LA FEAHL -

friendliest_letters = avg_friends_by_letter \
.order_by(lambda row: -row["avg_num_friends"]) \
Llimit(4)

SQL Hi[fJ ORDER  BY [ LALLM A FEBEE ASC (FH7HES]) B¢ DESC (FRFHEs) 5 ix B
B IAFAEEHAZ] order (A,

23.7 JOIN
S AR B KA I ACHY , BRI T A B MR I A4, i, 2k

264 | H23E



TIALER I %4 Python H4GRRINT, FefT IR REA A H P AR & bR 5113

SQL I AW EHIERISIZR, BRISEIHLHIE AR 4% user_interests, X /~Ff
& T user_td FISLERAY— Xt ZHIK Ko FE SQL i, RATLLXAEML

CREATE TABLE user_interests (
user_id INT NOT NULL,
interest VARCHAR(100) NOT NULL
);

fif£ NotQuiteABase 1, {REEZEHTZ:

user_interests = Table(["user_1id", "interest"])
user_interests.insert([0, "SQL"])
user_interests.insert([0, "NoSQL"])
user_1interests.insert([2, "SQL"])
user_interests.insert([2, "MySQL"])

XAERA R LM IC R E——2488 “SQL” ik . fE5K
BrECIREE T, PRaesifs user\_id Il interest\_id fE{E 5 user\_interests
dr, FRE TP interest\_id S F interest IYEE 3 N3 interests, XHf
TRk AT LA A 58RI AF i — R X B, BATSZ LR EE R
I

IR ER RS R A, IZAR D HT? LR HEF J0IN fE—k2, JOIN W] LANF 72 R HIAT
A LA TES A AE—S, Horb, dnfal bR BROETIRATX join AURMAIRE.

ildn, ST SQL BSLIRATH F, IRTRE

SELECT users.name

FROM users

JOIN user_interests

ON users.user_1id = user_1interests.user_1id
WHERE user_interests.interest = 'SQL'

JOIN 3 Wk 5 *F users w1 [ %5 47 #B % 4 B user_id, Jf4k i user_interests rft fi & A [H]
user_id fY—17, {CEMERARR.

HE, BT EMAFRFEER Y J0IN, WRLEFIFEEHY join ON, X /& —Fl INNER JOIN, iX
A S DT B AT (IUGRATRIA A ) RO A .

LEFT JOIN A{R [l PCECATIIA &, Wik |l 2k eI A T T (XFHETE T, kAG#R
5 BElE A HE2h NULL)

I LEFT JOIN RTLAMRZE 5 bR A A F A4 H
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SELECT users.id, COUNT(user_interests.interest) AS num_interests

FROM users
LEFT JOIN user_interests
ON users.user_id = user_interests.user_id

LEFT JOIN {RIE 3 AT faf 48R ] P fE H AL 85 B IE 9 — 5 2 b (Ok B 2 user_
interest Y= BB 2 NULL), FfH. COUNT FUkHE NULL {EE471H4,

NotQuiteABase ] join() KL E A b5 —Lb—— B MR A L FE IR A I B
at, WATHEES Hk

def join(self, other_table, left_join=False):

join_on_columns = [c for c in self.columns # AN
if ¢ in other_table.columns]

additional_columns = [c for c in other_table.columns # AZEFHIFI
if ¢ not in join_on_columns]

# LERMPAY + AREMAS

join_table = Table(self.columns + additional_columns)

for row in self.rows:
def is_join(other_row):
return all(other_row[c] == row[c] for c in join_on_columns)

other_rows = other_table.where(is_join).rows

# bt ICEC AT AR B — A~ BT AT
for other_row in other_rows:
join_table.insert([row[c] for c in self.columns] +
[other_row[c] for ¢ in additional_columns])

# IR AATICES, (£ 72 T R RIRRE T AR B 1
if left_join and not other_rows:
join_table.insert([row[c] for c in self.columns] +
[None for c in additional_columns])

return join_table
XFERA TEFRE] T SQL B 4TI -

sql_users = users \
.join(user_1interests) \
.where(lambda row: row["interest"] == "SQL") \
.select(keep_columns=["name"])

- H AT CASR 4R AL A
def count_interests(rows):

"""counts how many rows have non-None interests
return len([row for row in rows if row["interest"] is not None])

o
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user_interest_counts = users \
.join(user_1interests, left_join=True) \
.group_by(group_by_columns=["user_id"],
aggregates={"num_1interests" : count_interests })

{E SQL H1, &4 —/> RIGHT JOIN, ‘BAF IR A R P& A LA HIFT, &4 FULL OUTER
JOIN, ‘BAIRWIEMEPLILRAIFTATT. BIIAH——ER.

23.8 F&Eif

fE SQL w1, PRATLAMEA 2k 24 ik, AT SELECT (3 JOIN) #:fE, BbL, anRirdE
FRFXF SQL B LRI P o e/ user_id, mTLAE B A, (2%, frtbrllld
it JOIN SRR BT, X HCE R & T .)

SELECT MIN(user_1id) AS min_user_id FROM
(SELECT user_id FROM user_interests WHERE interest = 'SQL') sql_interests;

IR T T NotQuiteABase, FAl1igh \TLATS MR R 4n AR, (FRATIAD AR R4 R Skbr
I%,)
likes_sql_user_1ids = user_1interests \

.where(lambda row: row["interest"] == "SQL") \
.select(keep_columns=["'user_id'])

likes_sql_user_ids.group_by(group_by_columns=[],
aggregates={ "min_user_id" : min_user_1id })

23.9 3|

h TR EREE (Fanf 55 “Hero”) HYFT, NotQuiteABase 7 S AR KM —17.
WRFEARZAT, FAEPARKITHE],

IR, FRAE Join Bk MRsRIRS . o TN —/NICEL, xRk —17, BFEREL
RHVE—AT. WRIGUEM KBRS, XA UL P50 S5 R AR

FHH, RASTFEENEESIIICIZ) R, thin, fE% user Hf, JRIRATREAAR N AERY
P —AS user_id,

oA LEG L B8, 4ndt 3 user_interests 5 —ANJk T user_id (UK 5|, AL (HEH—
AZEBERY Join B FT LAAS Fl ik 5 A 2 i B se B VAL . AniR 3¢ users 2 2T user_id
M “ME—" HKEI, PREHAEE IR SRS,

Bn P A FEA — A AR5, XIRRAT DLl SR s PR A AT, FTEAA R
I3, AR Al DI AT B T2 A e — 203K
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Beitaf, ARSI NEERRR B LR PR AR BEAR (30 25 DR HL P B30 e O A Tl T 5 DL 4% 572 )
{HAR R AL B BB P LA, “#2]— TRELORIERY.

23.10 #iFEM
[ A8 — N HH T % SQL B LHhi F P AR 1) 5 1

SELECT users.name

FROM users

JOIN user_interests

ON users.user_1id = user_1interests.user_1id
WHERE user_1interests.interest = 'SQL'

1E NotQuiteABase H, B (F£/) FIFARIN G B LLBXAA I, PRl LATEFHFR Z A
EF% user_1interests:
user_interests \
.where(lambda row: row["interest"] == "SQL") \

.join(users) \
.select(["name"])

BE VRIS IR Rt 8 -

user_interests \
.join(users) \
.where(lambda row: row["interest"] == "SQL") \
.select(["name"])

PR S TEER P CASRAS RIS R, B e DB PR R R 5 AR, A AE T LAETF 3R
I RAE S DRIAT

fE SQL H, fREANHMLXA . RAFE “FHU" AOHENESR, FHEMLS EL A5
g CRARERZRS]) SksSeHLANT,

23.11 NoSQL

AR — IR Rt o A R AU “NoSQL” Kt i, iX Pl i e AN K Bictie 47 i 7E
ZFerf, {940 MongoDB X Fhift AT U JC S5 M B 2, BRYTC SR B — 284 2% JISON 3C#Y,
AT,

sesh, A LS TR B R 9 7 R e . Gl T 8di A S A IR 2 Sl B A 1 4]
RAMBIRER ), IR R R A (E4) MEASEIEAF e B e, FRAF
i o B R Bt 2, B8 2 A Bt b Oas A TR DE AL BAR %, fE AT s TR Bd %, LA
B A7-fii (] - 51 i B 22 5 A B A
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RAWEL T, B LEETMARSRITH 4, FILARMULEIRRA NoSQL X 24— |5,
R VRBLAE 2038 4 NoSQL X AN RPESAT T .

23.12 EHFET

o INRRI T EE R B EAE R IAE S Z: 2], SQLte (http://www.sqlite.org/) &/ MR AFHIESE,
EHUEEmREE., MySQL (http://www.mysql.com/) #l PostgreSQL (http://www.postgresq]l.
org/) WIMUEE K, PheHE £, XL -ERE R teny, i A KSR ii=2%,

o IMRARIEA 2] NoSQL, Fefi#E MongoDB (https://www.mongodb.org/), ‘& _bF4
W75y, A X AR R e U RIR . XA R A B A B SRS,

o I FL LT NoSQL FYSCE: (https://en.wikipedia.org/wiki/NoSQL) 7 4 1hi, HLIE
FCRTR AR S AT LEBE PR TR AR S A I L R v e A
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B24F

MapReduce

M ECLBENLLE, PREARHABFHENGL,

MapReduce & A HRAEE RIS PR E AT AT B B R, RV X — AR R
KITEEA, (HBRRAR B AR A,

R HRATA —HAACH A E , X LT H aTRELM T HE, VF2ABRISCAR, BRI
HRHMAR, AN MapReduce HEEEAE T /LA ST,

1. ff H mapper pf %I B EE LR LA BB AT, Gl F X PEFR A map Bk, [H&
C2A T—/-W map i Python ER%L, FRLATRMIAREE ARG .)

2. JAFARI R EHE A B s T A R
- AR HRESE S L reducer BRI, SRR A BEEAE K I

XAEPER IR AT, FILALEIRATR — A BRI Bafts BAR A G oot iR, (HA
— ARSI, PRI %A S8 — A~ MapReduce {326 25 245 B B ia] THEC

241 ZFH: BEiEiE

DataSciencester WA H P ECR EIE KB TH A T X PRI TR R PRED, {Hufd
HE oW SASEET,

Eean, PRI TR LS AR EE PR AR SR A 2 NA . TEARB K, IRovE
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Geit— T LR AR R R, SXAEURIE AT LA — A~ 96 T H BUST0E 55 vé ) B DRI R 25
LA JLE A P IR oA AR TR B«

def word_count_old(documents):
"""word count not using MapReduce
return Counter(word
for document in documents
for word in tokenize(document))

win

iM% = 75/ P documents SR A B AR, IRAGHLINERHEA T, ARIREEAE EITIAIA
MapReduce BRVALER, Gk rTLARE FIPRAY S 1 O 2FB I —2E “KREHR™ 484,

B, BATFE A RBCRAT SO AL B — R VIR BEIE AT . FA 14 B2 H ) 5 R R 4 L 1)
s, Le%%’fﬁflﬁ B, AR, FATURUKGRE 1 RFRIRX A S BT
A K
def wc_mapper(document):
"""for each word in the document, emit (word,1)

for word in tokenize(document):
yield (word, 1)

SR BRI 5 T, (RO LRI TC AN TSGR I B LB SR . Tk
BEAA V5 S I A T A 4

mwn

def wc_reducer(word, counts):
"""sum up the counts for a word"""
yield (word, sum(counts))

R E 2P 2, BLEIRMNIFETUCER A we_mapper ISR, FIV 11518 4 we_reducer,
MBS T ELE —SIENL Ll 5.

def word_count(documents):
"""count the words in the input documents using MapReduce

nwn

# IRy i A
collector = defaultdict(list)

for document in documents:
for word, count in wc_mapper(document):
collector[word].append(count)
return [output

for word, counts in collector.iteritems()
for output in wc_reducer(word, counts)]

RiFRN1EG =/ 3CkY [ "data science", "big data", "science fiction"],

SRIGHE we_mapper b FHEIEE —/N3cAY, FRAEPRASR{E AT ("data", 1) Fll (“scilence", 1), 7E
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REPRTERTA =R 25, F11# collector %

{ "data" : [1, 1],
"science" : [1, 1],
"big" : [1],
"fiction" : [1] }

SR we_reducer BRI B T A BRI T4

[("data", 2), ("science", 2), ("big", 1), ("fiction", 1)]

24.2 A{t42ZMapReduce

anEIRSE TR R, MapReduce 1193 B P A gt A i i R ACEE T FE RS 2h B BAE Sk 3E 47 0 A 2
10K 7 = N (5t A (WA B ) S ol (A OB B i = N s

A B (3E MapReduce HY) Tk BRI AL —/ OB B TAbEE, X EREFAD
TAEE LGN EE LB RS b, TEENL, XEWREILS R HAE
ALEE—/N SRy,

ARG 2 2, HARRD 2 THH LIRS mESER, Be
AEA AR — AL B LA SCAS Y . (BB XA, B A SOR AR S e B L &%
Hik.

[ERELAETA PR B A SOk B0E 100 S Las o FIIERIRIZER (Of Bk —2Eam
W), BATTATLAMC T A

o kAL TR _Fig T mapper BIEL, FRAT R REIEETE X,

o FEAPLEEEIAXS 4 Bl B —2E “reducing” HUMLES b, WACRXS BLAE (AT — A 25 B3 A R —
ELEE L kiR,

o % —% reducing HLg¥E T B4 X EEXT, ARG A TERIEE A5 1T reducer AL,

o IR [EIEEAS AR,

BT DAL PR R T B KT 4 AL, an R BATHERL a5 R, b2 (BIgizAT
MapReduce REEHIFLEE E A ) THRAYIBIT# R L) S PFifE . 55— mapper HlL#5 R
LR TR, (RBA 208 2 ARSI — 5B reducer TAF) reducer HLE &

24.3 FEm—ftHIMapReduce

BZE—F, §im G+ B e T B RS & A 45 7 we_mapper Fil we_reducer iX A4 B
Boh iy, xEWwEEDS LA RS EE] — /B AAEZE (8RB TR PLER

o A
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Emy) -

def map_reduce(inputs, mapper, reducer):
"""runs MapReduce on the inputs using mapper and reducer
collector = defaultdict(list)

mn

for input in inputs:
for key, value in mapper(input):
collector[key].append(value)

return [output

for key, values in collector.iteritems()
for output in reducer(key,values)]

SREFATTRT LA 1ok T T ) 75 5 TRT R 5 PR TR T4
word_counts = map_reduce(documents, wc_mapper, wc_reducer)
XA TR AR A R R A T R R
TEARZEDH TN Z 87, A EWEE— T we_reducer %L, BAUSURAEX R TA—4
AR, XFR AR HRM, [HrHE e k.
def reduce_values_using(aggregation_fn, key, values):

"""reduces a key-values pair by applying aggregation_fn to the values
yield (key, aggregation_fn(values))

o

def values_reducer(aggregation_fn):
"""turns a function (values -> output) into a reducer
that maps (key, values) -> (key, output)"""
return partial(reduce_values_using, aggregation_fn)

TEX 2 SR FAT Tk vl DAERAA G LA T N2
sum_reducer = values_reducer(sum)
max_reducer = values_reducer(max)

min_reducer = values_reducer(min)
count_distinct_reducer = values_reducer(lambda values: len(set(values)))

24.4 EH|: SIFIRESEH

P2 TR TN QIR T REM I PR B e SIF 4,. (0
PRI T — /R0l T REROAR A TR B 5

"id": 1,
"username" : "joelgrus",
"text" : "Is anyone interested in a data science book?",

"created_at" : datetime.datetime(2013, 12, 21, 11, 47, 0),
"liked_by" : ["data_guy", "data_gal", "mike"] }
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(BRI FA TSR A E N EIWE— R AT HR R R 2 8 % . h THBX AR, JARHHE—
T—RNE—KA L DN EARREE R, X ERERNTFER S RN ERETSH, X
AR, i H AR S BERET RERT AR —AME L, T LA sum
I%l %‘&?%?IJ 4%\%& H
def data_science_day_mapper(status_update):
"""yields (day_of week, 1) if status_update contains "data science
if "data science" in status_update["text"].lower():

day_of_week = status_update["created_at"].weekday()
yield (day_of_week, 1)

wonnn

data_science_days = map_reduce(status_updates,
data_science_day_mapper,
sum_reducer)

TR — AN REGE 2 — r I, (BB TRA 1 B R H A A FH  E HR 28 5 3 v e P 1) B 1]
Bt o, T8 mapper, Fef T SFBLLL T =F05 .

o B REE A TR AR EOR R E S
o ERIEREEIEEY b e P AR EOR R E 2
o B AR AR R S s SETHEOR R E S

TR IS, Bl TRZT 5k REFIT H B2 1%4% username 5341, PRICAFRA TR 53 31175 184 A A A
Talo M AR word SR sy, BRICAFRATHY reducer F54E7 E 44 NFT A RITANL, LAt
HEIB— A iiRATH . XK E 5 — Pk i i FE

def words_per_user_mapper(status_update):
user = status_update["username"]
for word in tokenize(status_update["text"]):
yield (user, (word, 1))

def most_popular_word_reducer(user, words_and_counts):
"""given a sequence of (word, count) pairs,
return the word with the highest total count

mwnn

word_counts = Counter()
for word, count in words_and_counts:
word_counts[word] += count
word, count = word_counts.most_common(1)[0]
yield (user, (word, count))
user_words = map_reduce(status_updates,

words_per_user_mapper,
most_popular_word_reducer)

SETAREA A P HEI % A RS S PEE 4L
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def liker_mapper(status_update):
user = status_update["username"]
for liker in status_update["liked_by"]:
yield (user, liker)

distinct_likers_per_user = map_reduce(status_updates,
liker_mapper,
count_distinct_reducer)

24.5 FH: EFEITE

BIA 2221 17 “JEREIRIET, HE—Am x n BERE A Fi—/>n x kWERE B, WLMEE
MRS m < k HFERE C, Hrh CHYE i 1758 j SIRITTH i T4

C=A,B FA,B,++A,B

IRIFAVZ AL, FoR—m x n FERERY “ASRIYT ke dIRmIpIZR, Kotk 4,
R I HIRRIE j A TTR.

THR TS A I o 4 3, BIRHR Y TR T 0. X FRMMmAN M=, IR
G — AR IR AR . — R E R RS AR TTH G (name, 1, 3,
value), Hrname fUFRHERE, ifit, 3, value FoR— " AEF TR E,

tetn, — AL x HORYSEFES B 1L S (quintillion, 1x10"%) HITTE, XAEMELAE
ik e —/NHBEHLP R, HEAMREETY R HAEARLH kR E, EmibMEARmFER
ks /MR EAN B,

B TixFhonis, BATRILAE I MapReduce LAy A 3CHY 75 T AR PSR

X R, TR, 4, AR CRYEE i frrvoe R, B, RHTIHRE C RIS j SRy
e, WO BERZR reducer (8 — M B BRAERE CI—A 0, XERERINTFE
F mapper KA HEE, UAMfE C hIIEAICE., BIUR T X FECEE .

def matrix_multiply_mapper(m, element):
"""m {s the common dimension (columns of A, rows of B)
element is a tuple (matrix_name, i1, j, value)"""
name, i1, j, value = element

if name == "A":
# A_UJ B CAKZAIME A TEE, Hdhk=1. .m
for k in range(m):
# 5C_kpyH AT
yield((i, k), (j, value))
else:
# B_Uj B C_ki Z RN TTH
for k in range(m):
# 5C_KImH Aot A
yield((k, j), (i, value))
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def matrix_multiply_reducer(m, key, indexed_values):
results_by_index = defaultdict(list)
for index, value in indexed_values:
results_by_1index[index].append(value)

# A AN G R BT TR ke sk

sum_product = sum(results[0] * results[1]
for results in results_by_index.values()
if len(results) == 2)

if sum_product != 0.0:
yield (key, sum_product)

bedn, AnRORA A0 T RTPIAHERE -

A=1[[3, 2, 0],
(o, o, o0]]
B = [[4) '1) 0]’
[1OI 0) 0]}
(o, o, o]]

fRATLMEBE S ATed

entries = [("A", 0, 0, 3), ("A", 0, 1, 2),

("B", 0, 0, 4), ("B", 0, 1, -1), ("B", 1, 0, 10)]
mapper = partial(matrix_multiply_mapper, 3)
reducer = partial(matrix_multiply_reducer, 3)

map_reduce(entries, mapper, reducer) # [((0, 1), -3), ((0, 0), 32)]

FEXFE—A/NERE BRI AR, (B AR IRA B 54T B D FIRIHERE, MapReduce jif
SRR MER .

24.6 FHME: HESE

PRIRATHEC 2E B F, W% mapper Al RERAE—LCHIMIE B, bban, 7ETHEC A Ta Ao,
HH %% (word, 1) FZ kN, Ainki%k (word, None) FRERHKJE,

BATEARX AWM —ARERE, fEofmERT, BITEMSEHA6%E (combiner) K
YR AE T BN Z R BRI EE 52, ani—/> mapper ML &% & LB “data” 500 7k, WA
LB R BARS L g Z /e 500 4~ ("data", 1) HAB /My ("data”, 500),
XERERIEE D TIRZ, Bka KKk,

BT HANGE reducer Y575, BREIEMMMACHX L A RVEHE, (An2RIRMTEZLH len (K
5T reducer, 'EEEANREERA AT )
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24.7 EH=EY

{8 F 5 24 |12 ) MapReduce % %i4% Hadoop (http://hadoop.apache.org/), 'BIEMFHAMR %
AARER , eV LSRR A & Thi, LA —~H Hadoop #H 3¢ T HAH B E
KIWAEB ARG

i T Hadoop, RTFFEESH IR (B v UAE AR VRN L T {6 47
FIEREE), MR, M TRKRE DR ZERI A KDL, ATUAAEIX 2 B4 2191155 . Hadoop
mapper F1 reducer i ¥ & H Java 5 Y, REH —FBEFRA “Hadoop streaming” HYY)
REARVFIR A HAMLAIE S (B4E Python) K15,

Amazon.com #£fi Elastic MapReduce (http://aws.amazon.com/cn/elasticmapreduce/) AR5,
‘B AT LA SRR 75 20k O S IR 2, I S URPE R 2R 55 RO R i Bt

mrjob (https:/github.com/Yelp/mrjob) #& Python [J)—/> Hadoop (& Elastic MapReduce)
FHEAmEN

Hadoop 1£:55 & MA@ 4B IR, XX “SEiorfr” RUEARA AP LR, A ZFhE ST
£ Hadoop 2 -HY “skiforr” TH, RIBHEA SR MERHEZA H 8380 T, HRitAT
AP FhAZ Spark (http://spark.apache.org/) F1 Storm (http://storm.incubator.apache.org/) ,
2, ARG ATRE H R A TR SE RGBT o A SHEZEE A B B (R IR A [l H:, Bk 7R 2R B
ek T,
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B25%

iR Fale

A, BBERNKEAALMEGERELBHERE S,

WX %, SERMBEVE? AR B I RGP RIS B AR BEAYIE, $2T
RARFTLAE LA TN

25.1 IPython

EA BRIV T A HE 2T Python (http:/ipython.org/) . “BFEH: T — L EbprifE Python
shell ZHREFRAHY shell, MiH A T —28 “BESLEAS”, wILALEMR (Ebn) fefih 2 dilkGnG
RAG (DAZEATRIZS A 2 A T 2 SE B ARl 5 LU R 210 ), 1 HL T CATE shell NFE 1T
g,

AR T IPython X 1LIRAY TARRMRAER R . (BREUL— 5 AL IPython SERTELT )

BEAN, BIETCEFIROIEER SCAS . Python B A ASAIAIHLLARZS & HY “HIEA” (notebook),
IRATLCR M S SIS, SURAF A T RE (8 25-1),
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I P [y1 Not o boo k Stock Prices Last Checkpoint: Jan 25 15:40 (unsaved change

File Edit View nsert Cell Kermnel Help

B Qe = @& B 4+ ¥ > B C code v | Cell Toolbar: | None v

In [1]: import csv
Here's where we read from the file:
In [2]: with open(r"c:\src\data-science-from-scratch\code\stocks.txt", "rb") as f:
reader = csv.DictReader(f, delimiter="\t")
data = [row for row in reader]

What does this data look like?

In [3]: print data[e]
{'date': '2815-81-23", 'symbol': 'AAPL', 'closing_price': '112.98'}
Now we can find the maximum price for AAPL stock using a list comprehension:

In [4]: print max(row["closing_price”] for row in data if row["symbol™] == "AAPL")

99.68

25-1; —* IPython Bi2 &

25.2 #=
APEE T MRS (B 433). gt (B s53). R (8 63) FHHLEF I —ERN%,

LA — A MFIFHER, IRTEEANEE £ 56 X ey Fnil, i H 3RS RS —
AGURIF RIS 2] o RIS B RAE T — ORI EPHS , T DAE A ik
MRS, Sullid LR B & T IRERAE T2,

25.3 ANFEHFE

CNFTTFFAET M T PR AR G A AR B AR A AP AL . AHX R o6 T4
RERIL (BRARURIUOUE T HERE TS A %% I SCELEN]) . B M, Do sl A iR 22 Ab B
BT ARRBA,

FESGER, PRATREF N BRSO I THATRER E M SE i AL il A P . (FRAR 2 AT
Hon—A> “LERADRE— L8 AUtRb, 24F, B O'Reilly Bk 1)

25.3.1 NumPy

NumPy (B}l “Numeric Python”, http://www.numpy.org/) #Eft TACF “Es2” FHEHHEM
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TH., et 7 LA Ust [m S PEREEAF AV, F2 0t 7 ELIRMTTAY List-of -Uist JHFE
PERESEAFAYAERE, DARCRRAIA ek TORRTSE AL

AR 2 HABRI R UL, NumPy AN IERA M, X BRRIE A2 .

25.3.2 pandas

pandas (http://pandas.pydata.org/) $&ft T4bEE Python 0¥ 4L 2 M BHRES ., BT EWN
G & A& DataFrame, fEN% 1 53RNESE 23 B HE A NotQuiteABase table 2R AH
Lh, A ZRISHREFE AP AIPERE . AR IURSTH A Python &2k, 43X, 4> A SUHRIERAR
%, pandas &— AR A AN LA,

25.3.3 scikit-learn

scikit-learn (http:/scikit-learn.org/) A HEAE Python A ALFRHL 2% 2% > [ 8 B IV JE, B8
FERATVA L BT A BT UL R AR 2 FAT 195 Pt A Y, (E LSS Rl b, PRIJCTE T T 4R
SEYCSERE, 1A AT LA#E A scikit-learn R ZEE N TIE, fEREWRE L, ROTLHETFHE
HOLLE S, Ak e AR EE scikit-learn i F &8 PO 5 Bk,

scikit-learn FISCAYELHE T2 £ 261 (http://scikit-learn.org/stable/auto_examples/) 15 HH
BALME 4 (B, i, UEHANLES 222 T 4),

25.3.4 A4k
TG T A matplotlib EIARIEM R HLIhEEMR K, (HEBABEM (ff H— S22 HEh
BA), IREMEANT REAE AL, ReTLUA 2 FhikEs,

F—FEBEAF 2] matplotlib, KOATRAIE R BN H BRI —/Mlr . EBRIME LA
Y2 =T ErIhReryEl+ (http://matplotlib.org/examples/) , B A — L6 ¥ A BRIT w] F1L Y &
% (http://matplotlib.org/gallery.html) . ZIRAVRITH AR FF ST (bbanBie e EnES
H), XA T — P B ik,

YR, B 1% 1R 7R seaborn  (http://web.stanford.edu/~mwaskom/software/seaborn/) , X & — /> Al

LAE matplotlib HAMWS| ) (EAHARRZILA) HIE,

AR ORAB QIR F T LAFE LS b2y =R Z X TA4, D3js (http:/d3js.org/) ZEEE, B
B— AT KRRz cRs” (data driven documents, ZAFRAHY “3D” {H dbig€)
HY JavaScript &, BI{E VRAS K 1# JavaScript, i % A LA D3 (9B (https://github.com/
mbostock/d3/wiki/Gallery) HHREI R LBLGHIFIF, FHERBIRIVEDE L. (SR E -+
S\ D3 [ E FERZHIEF, HEmEdaFFER N D3 EES “&” F1F.)
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BIREfRX D3 — ;G4 B A, (OGRS — T B Y P L RE 2 B A 2 56 T8 mT AR AE Y
;Eﬁo

Bokeh (http://bokeh.pydata.org/en/latest/) J&=—/-4E D3 KA&HIIHHER A 2] Python HIIH H

25.3.5 R

RUERATLASE A 2221 R (http://www.r-project.org/) , {HYF 2 # 3B B2 K FIE R B2 0
HERSHFI R, FrLAER R IZAEE,

X —EB oy A AECA f2 T IRBEME SIS T R BT ZHIAAED, —EBo = A A
FTCALERBE 4 b 45 Python (19 CREXHED) (EMTAIORHE. 10 8 iR, XS LhIRAEK
AMERHY “RAFIEAE Python 457 Y H K& BA— NI Z IR AT LA

XA G Z R %R, R IVERFEF R (WIEAS, FRWTIE Hands-On Programming with
R (http://shop.oreilly.com/product/0636920028574.do) % A 45 A5, XA H h &t &
O'Reilly tHhRIA5, (IR, FZEat &K h B O'Reilly RIS, )

25.4 FIHEGE

WRVRAC N F R A EA TR TAER —ER 5, AL RS IRIE SR Lo WA E A 7R T AERY
—ibsr (REIHFA—E) . MRV FEIFHE TR SRR 2 anfi? Bdla & Ak A
FER, AHTT DX EE G AT DU ARG IS A

 Data.gov (http://www.data.gov/) /& B FF BB TP WG, 4n SR OR AR AT (Al F B R
AR (BUEEIX RTREW KT ), B MRIFIIHF A,

o reddit [ r/datasets (https://www.reddit.com/r/datasets) F/r/data (http://www.reddit.com/
r/data) PATRIE, &AW LA REGE R & BLEAR I 5

e Amazon.com [ —22 FHELE (http://aws.amazon.com/cn/public-data-sets/) , "7
TRAEME BRI SR o Hrix SRR e ((ELR T URAE T R AR 7= sk 47 ) o

+ Robb Seaton (W& A /& A CIEMN LW EIEEMNFIFE (hitp:/rs.io/100-interesting-
data-sets-for-statistics/) ,

+ Kaggle (https://www.kaggle.com/) &— 2 IpBAEE = TEFRI BN, . T B )ik & iX
e (FERARRH =R R £ /055 1), BEHETR S .

25.5 MEHIERE

FHD B H R B AR AET, (R Rt 9T E (R ah) B2 APEELE OB, R 21128 A
Y — 2T H
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25.5.1 Hacker News
Hacker News (https://news.ycombinator.com/news) +&—/~2 - 15H1E 5H A FH I HUH HHY
Wk, ECE T RESCE, HIR BRI AR,

Rk, $AFE 2, RETHAL T — Hacker News fIN 25432585 (https://github.com/joelgrus/
hackernews) SRTTMIF AL & EARKE B E ISR, X — ik vl RES 2 2 L2 Hacker News ]
FINHER, il 1S E 20858 A SR Hacker News YT H 3,

RITAED RO KR SCRIFahbaiE Ch TEILINZRE), EFESCRIFHE (Fnbr
MR TRI RN BE R 3) . DA B N ZR— A0 Z i BT 10t (1 B3 s - e 0 2 (UL A 35 DU 45743
Rds,

AHE T 200EE, 32402 Ruby HESLRY S Kas, WHFRAIZAIINE,

25.5.2 HBE
G ETE R E T PO — & EEAE B, X EERE NP AT R 2 BUokR
(B BTk K) IS 2, fit, ZAERIET AT X o BB S TR

i ONEARIIM L), THBER a8 — >S5 i 911 WG (http:/www2.seattle.gov/
fire/realtime911/getDatePubTab.asp), IS T 45—k K ZAR LT shiEP 4=

FRLA, 24 TR 3tk FeHER T 2 4R I SRR HHAT T 2 TP ZE R #5845 50 Ht
(https://github.com/joelgrus/fire) , X hZER I B3 T — 4~ Fp e 1926 TIHPG 4 1 Uk R
&, T 24 TruckRank,

25.5.3 T
TABH /L, HIEER — A TER o e F Y, Bt ‘L T REMR
HIRZR, i “BER T KESTE R

TR, ot RS BRI R T iz AARUIE A CA], FrLAFRE B CRERREDIZ

— M ERR IR RIX X,
BIi%E . FkAE (https://github.com/joelgrus/shirts) ,

XI T AR T T MAE %, SEENSEFRFRR T, el AR FzEe
RTS8

— PRI T B 5 R B BRI T ML € 5y 25 B8 RO P AR E T M € 1]
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BT 10 A ERsy, AREIEEME T MESZEH 10 4> “RE THL” (eigenshirt) ' BTLEEY 10
dezsinl Bt T2 (WA 25-2).

25-2; MRIFEH—TERDEIRHE T i

25.5.4 {RUE?
AT ESIERMLE I K T ARSI REARERR? KA S (S INE—Lk
W), X e — e 5 iE R £ 4 BT iE ,

R L BUE] fid joelgrus @gmail.com AT K HP M, B 25 Twitter @joelgrus $3% .

e Bl 10 AN RS, PFETE
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1EEE I

Joel Grus £ Google 5 — {28+ TA2F, & FR RO LN JERBEHSE R, BA{EL
GiEE, iz THREHAS IAEFRIIRK, 18R A joelgrus.com £ AW &, KIAFEKRT
Twitter @joelgrus,

XTHM@

Af#HaE LA HLEEF L (% 4 Lagopus muta), ZANW Fk P —F+ FARA B L,
LEEBAfpEX “F87, £ER T8, 2T LERE, METAMARL LMY
BRI KR, ARAENRIEZ HRE, BERE N THARINLZH, 2Lk, A
b, FAREHL, BARLIR, MARSR, RmAlE, B RELRA B AR REHT
Lk, B EERMEMAIHGF, LT, &, tF. XRF, AFPHELEL
Rk,

Mt s E XA — ARG AR RN ARG, 2ENARE, TAFHLLKBRE L

fetk & &5, REFFTIEN, T ﬁ’aéﬁﬁ]LK'i’ 5L mAKF A —R 64 KM,
EFENNLEAENGE, AXRALTAEBE, TRIAEFTHARFAER, LA EHEN

N BRFEAGE, EFRoARE, BALAF, RMTARNZREN,, AFHAHGE,

6/NA KM ET LI RE R, il FHRMEETHALG6 R , AR AR E R
LTI FINRRENH R, 55 L ERRLBEL, %%x@&)ﬁu_é’ﬂfﬂv 8 1 A5 B Akt
TS Bt A,

EFELRALARLRETHRENTAELIRLS, O THHEHRENTE, £F 50HB A 2003
F e 2004 F R A EAE, 2005 F, WEEASBES, NN ELERE, A b2
FTEA XN SHHAIEE,

O’Reilly #f & k693 ik % AR 2 F s R 48, FTA X K3 43 RAR LA AR TR, &
AT AR A TR A F, 545 19 animals.oreilly.com,

3@ B A k& A Cassell #9 Natural History,
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