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def first digital(x):
while x >= 10:

Code X /=16

return x

if _ _name_ == " main__":
n =1
frequency = [@] * 9
for 1 in range(1l, 1000):
n *= 1
m = first _digital(n) - 1
frequency[m] += 1
print frequency
plt.plot(frequency, 'r-', linewidth=2)
plt.plot(frequency, 'go’', markersize=8)
plt.grid(True)
plt.show()
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Nagel-Schreckenberg & BY &4

path = 5eee
n = 100
ve = 5
p = 8.3
Times = 3000

np.random.seed(9)

X = np.random.rand(n) * path
x.sort()

v = np.tile([ve], n).astype(np.

float)

plt.

for

plt.
plt.
plt.
plt.
plt.
plt.
plt.

figure(figsize=(10, 8), facecolor=
t in range(Times):

plt.scatter(x, [t]*n, s=1, c="k',
for i in range(n):

if x[(i+1)%n] > x[i]:
d = x[(i+1) % n] - x[1i]
else:
d = path - x[1] + x[(i+1)
if v[i] < d:
if np.random.rand() > p:
v[i] += 1
else:
v[i] -= 1
else:
viil]=d -1
v = v.clip(e, 150)
X += v

clip(x, path)

xlim(@, path)

ylim(@, Times)

xlabel(u' E3WfrE ', fontsize=16)
ylabel (u' I 8", fontsize=16)
title(u' FEABEWEEER, font
tight layout(pad=2)

show()
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—In‘% Bernoulli distribution
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i=1

E B, i=12 - om

FIBL E(X) =Y E(X,)=np.

D(X) =, D(X;) = np(1- p).
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The exponential family

To work our way up to GLMs, we will begin by defining exponential family
distributions. We say that a class of distributions is in the exponential family
if it can be written in the form

p(y;n) = b(y) exp(n"T(y) — a(n)) (6)

Here, n is called the natural parameter (also called the canonical param-
eter) of the distribution; T'(y) is the sufficient statistic (for the distribu-
tions we consider, it will often be the case that T'(y) = y); and a(n) is the log
partition function. The quantity e~%" essentially plays the role of a nor-
malization constant, that makes sure the distribution p(y;7) sums/integrates
over y to 1.

A fixed choice of T, a and b defines a family (or set) of distributions that
is parameterized by 7; as we vary 7, we then get different distributions within
this family.
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: BernoullivHmFMEE 9%

v

We now show that the Bernoulli and the Gaussian distributions are ex-
amples of exponential family distributions. The Bernoulli distribution with
mean ¢, written Bernoulli(¢), specifies a distribution over y € {0, 1}, so that
ply=1;0) = ¢; p(y = 0;0) =1 — ¢. As we varying ¢, we obtain Bernoulli
distributions with different means. We now show that this class of Bernoulli
distributions, ones obtained by varying ¢, is in the exponential family; i.e.,
that there is a choice of T, a and b so that Equation (6) becomes exactly the
class of Bernoulli distributions.
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Bernoulli®> %o @ Fis ik

We write the Bernoulli distribution as:

d

ply;0) = @y(l_é)l—y
= exp(ylog¢ + (1 —y)log(l — ¢))

exp ( (10g (125 ) )+ 1081 - 0))

Thus, the natural parameter is given by n = log(¢/(1 — ¢)). Interestingly, if
we invert this definition for n by solving for ¢ in terms of 1, we obtain ¢ =
1/(1 4+ e™"). This is the familiar sigmoid function! This will come up again
when we derive logistic regression as a GLM. To complete the formulation
of the Bernoulli distribution as an exponential family distribution, we also

have T(y) = y
a(n) = —log(l—¢)
= log(1+€")

bly) = 1
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Gaussianafr L B TIs 8k o

Lets now move on to consider the Gaussian distribution. Recall that,
when deriving linear regression, the value of ¢? had no effect on our final
choice of @ and hy(x). Thus, we can choose an arbitrary value fur o? without
changing anything. To simplify the derivation below, lets set ° = 1. We
then have:

1 1 ;
plyip) = exp (—i(y — u)z)

o (1) o - )
= X — — - EX 1Yy — =i
\/ﬂ P 2'9 P HY 2!

n = u
Tly) =y

ia(n) = u*/2
| = 7°/2

ERFEEAESSEINE | () = (1/v/27) exp(—y? /2) I i P
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w7 3 FHE AN
ﬁlt - % u1021_18 Ei{nt Sample (const int* a, int size, bool* f)
memset (f, O, sizeof(bool)*size): )
. - . int N = rand()éﬁ_ﬁsize+1) 08 2R §
Eint _tmain(int arge, _TCHAR* argvl[]) |n? h=0: ;fﬁkﬁﬁﬂgj?ggﬂxﬁﬂﬂﬁ
const int N = 100; H Thlle(n <N
ég$|a£?%j- int t = rand() % size:
e = if(1F[t])
for(i = 0: i < N-1: i++) {
[I] = |+1 flt] = true:
al[N- 1] = 20 | n++;
int sampleSize = 10000000: }
double s = 0; - L
= for(i = 0; i < sampleSize: i++) nh=20: //HalEsE
{ = for(int i = 0: i < size: i++)
s += Sample(a, N, f): {
- } = if(FLi])
cout << s <L endl; {
s /= sampleSize; “= ali]:
cout << s << endl; L ]
return 0: B }
-] return n
-}
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%.?

B A123,...,98,99,1024:x 100/ & 45 & 4 # 2
FAB(TRAONB)KF R, KKF R 2
{4 o
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B2, &

fHash& B x—F 45 S k#H 945 2%
#K, MEAH2K, e THhT. WAFH S 4
LS, AR E45BM5, FRIGRLALEESL
10, X 4E 1S & & /2o

P{Hash(< string >)=k}=2"%, keZ'
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o)B 434 P{Hash(<string >)=k}=27"%, keZ*

& FHashae 4t X X K R L H£ B EBG, ‘K
X E#H A0 — 2 TR A AR “E#
108 4+ 9.” , @ik “¥#104 90
"";k” .

2 1% Bk ar 4 X106 B E A p=2-10=1/1024,

INF), — kA B @ S o0

1
PX =V)=10

<
P (X _ 0) _ 1023
1024
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i

INFNDNR M S egarst, Bp =0 574,

i 1
P{X =k!=CKp“(1=p)"™*, 4 S
(X =kj=Clp“(-p)™", #+p N

A OB E(P{ 1

X =ki)=np, =——
}) P, #FP 1024
B EATNAREMH L A GhE, SHENAPLA
Tlk, AA®@:

np:1:>n:i:>n:1024
P
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HE

# s Var(X)=E{[X ~E(X)I'}=E(X")-E*(X)

a EUX-E(XF (20 E(X?)= EX(X), $X4 2 at, =¥%
A& Az Var(c)=0
Var(X +c)=Var(X)

Var(kX)=k*ar(X)
XAaY 28 %
Var(X +Y)=Var(X)+Var(Y)
B s, FEGF T, HRAREL

BT AT E RS 57/98 mulﬁf%%ﬁ%

nnnnnnnnnnnnn



k=

# 3L Cov(X,Y)=E{X-E(X)]Y —E(Y)]}
e B

Cov(X,Y)=Cov(Y, X)
Cov(aX +b,cY +d)=acCov(X,Y)
Cov(X, + X,,Y)=Cov(X,Y)+Cov(X,,Y)

Cov(X,Y)=E(XY)-E(X)E(Y)
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R EMIBIL. AHEX

XAaY 18 z #t, E(XY)=E(X)E(Y)
& Cov(X,Y)=E(XY)-E(X)E(Y)
IF, HXFeYik 24, Cov(X,Y)=0

faXFeY1d 2 X NE[ 4% K38, KA E L &
Cov(X,Y)=0, #%XAY R 4a £,
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I AZERNENX

M Z2RANENEZTEA AR T QLI
Pt BT

B 2Cov(X\Y)>0, w4l¢ A4 %46 ;

B 2Cov(X,\Y)<0, =414 L A4 %40 4 ;

B ZCov(X\Y)=0, #XAY X 4a %,
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<
B7 e

£ Var(X)=0? Var(Y)=0?

Cov(X,Y) < o,0,

5 AR FXFeYZ M LMW E 4L H, FF &
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i\ 3 #TIZ RIS 32 ?

Cov(X,Y)=E*((X —E(X)\Y =E(Y))) -+ EE Y S
< E((X —E(X))Z(Y—E(Y))Z) ..................... > £ W5

< E((X _ E(X ))Z)E((Y _ E(Y ))2) ............... A 8 H S
:Var(X )\/ar(Y) .................................... > £ & 3L

s $H 24T THEMBHRT R F TR — 2K
, By E(XY)-E(X)E(Y) 45 R =

Sy
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R E LA EERIERR

BAE & L&, HEMNEZZ,
Z =(X-E(X))-t+(Y —E(Y))
AN @ {

E(22)= o022 +2Cov(X,Y )-t+ 07
E(z2)=0

= ot> +2Cov(X,Y)-t+o? 20
= A=4Cov*(X,Y)-40lc’ <0
= |Cov(X,Y ) < 0,0,
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B LISVEASEN ZPS

Bl A Lk 2L iRk, 441§ “Ftat” £
J:.HP “.‘_'-f%\ﬁ!ki” .
bp: ZXE5YAR4a £, wAXEY =9 & 4
HEtE4(leATRAALEAIEKESL), Fi
%iﬁXﬁaY#ﬂiziio
fast F o EEMMNEE, XEYRA4a %%
#H-FXEY 4a Z18 z,
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Pearsonfdx %

2 3L __ Cov(X,Y)

Pxr Jvar(X Var(Y)
it £ LREE T4, [PI<1
AR EXEYREMB L4 9, 5 X2
RYAEF, AAELERGERATOMT £,
t@ETFImE2H5XYHa L £4 0480, 2
& A TAa £ 4 B F XY taL £ 4%
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e®p
ety
e®e
2%

e®e

PearsontB X RB SHENTH: —REHXF

HHEXFEH: nan

HXEH: 1.000
HXEH: 1.000
HEZEH: 1.000 |
FHEEH: 1.000

HXEH: 0.078

S8
LEESES
B
BREH:
HXRH:

. Pearson*ﬁ?é%’iﬁ—%ﬁf&ﬁ*ﬁ: :}f\mﬁ?&%i ‘

0. 000
0. 380
0.553

0. 380
0. 000

LB

Pear sontflst R SHIRS . EHI%R

ey
ey
ooy
ey
[S1=¥e)
e®e

HEFEH: 0.894
ﬁi%ﬁl =0.224 : : :
KL M. —0, 921 [
HEFEH: -0 964
HEFEH: -0 961
(EEFSE

Pear sontfit ¥ S HIRH 7 HE

ety
e0e
ety
ety
e
e®e

LEEFSE
BXRHY:
BXRHY:
HAXFRH:
HXFRH:
HX R

0. 070
0.843
0.927
0.925
0.824 , ‘
-0.070 - i .




COde def calc pearson(x, y):

stdl = np.std(x)
# np.sqrt(np.mean(x**2) - np.mean(x)**2)
std2 = np.std(y)

def

cov

= np.cov(x, y, bias=True)[0,1]

return cov / (stdl * std2)

pearson(x, y, tip):
clrs = list( 'rgbmyc’)

plt.

for

plt.
plt.
plt.
plt.
plt.
plt.

figure(figsize=(10@, 8), facecolor="w")

1, theta in enumerate(np.linspace(@, %0, 6)):
xr, yr = rotate(x, y, theta)

p = stats.pearsonr(xr, yr)[@]

# print calc_pearson(xr, yr)

print 'FE¥EAE: ', theta, 'PearsonfiZEH: ', p
str = uw"HMKXRE;: 4.3F % p

plt.scatter(xr, yr, s=4@, alpha=0.9, linewidths=0.5, c=clr
legend(loc="upper left', shadow=True)
xlabel(u'X")

ylabel(u'y")

title(u'PearsontlX AT ESHIEA: %s* % tip, fontsize=13)
grid(b=True)
show()
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R ZERERE

at FIAKALG F (X, Xy X)) £ & @A

FXiFo XjH TR G F| —~ N5 £, A& A

N*N&G4E M5 7 £ 46 5 & 24 4k 5o

¢, = E{[X, — E(X)IIX; ~E(X )[}=Cov(X,, X;)

Cii Cp Cih
C = C,, Cy Co,
| Cnl Cn 2 Cn n_|
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BRI 5E

ZX. Yz, M.

Var (XY )=Var(X Var(Y )+Var(X )E*(Y )+Var(Y )E*(X)
B BE: EA?
HEBOFRAGEAROREQE, S
— % E R?

B i fe L XBERASRDG R ZIKEL?
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PIX — | < &}
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2
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PIL TR

AT EXGN L AN, F £ Ao?, T4
%:J-E-ﬁg) ﬁ:

P{X - ﬂ\>g}ga—
E
M B kL% XA, XeeF £ 84, T4
{IX-pul<e} &L £ g% M k. Bp: XIRegh K
AL &P AP st A
B 2A5NA—FHAATFTE£GEL
B R4 A TAEM A& %32,

BB AL SIS 72/98 m ]cjhl. n;g:t o I]?f



R E &

BHENEEX K. . X,... LAk 2, # AL
H 4a B & 4 ZéuﬁOﬂf-G o EFNANHAE F
@WFH Y, == Zx M oat Fie & EHKe, A

lim P{|Y, — 1 < £}=1

N—0o0
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SniE ks, BALE EX, X, X, 6 FHAY,

LAEELTAREERA L.

B oG EATRG, LaMTRIEEL, N4
P&k af, AT 4 g4 E A0,
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4o 45T 1F B K #% € 327
B 25 RBREYGEL, KoL fom £,
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— R ARETFTEFHALLGMEAD;, TNk
1z X3P, FHALETNLR, Mp. N,
nAéﬁ%f{:dﬁ]it

2t F 4% & £ #e,
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SA 22, w2 B AN EFHALLGH £
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HEHAEALTHEGHB EH
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B A& N of 7435 4B 90 44 o~ £
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1T

Central Limit Theorem
BT EX X, . X ... T4k 2, ABAE
— o, #F BLA e R 6 L ufeF £02,
MEALE E n

in_nﬂ

Y_

n \/HO'

g oA KA F A% R R & 2
BHAFE D X & F| ES 2 HNMDOY, no?)
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B : FRER F O R PR E TR AY (0] R

A—dHEA(24$), APazAlgsl BB 2G,
fa R gk, EEZAFHNMHE. HAEN, ZiA
PaFkesFi4 & Eul%, FEHF R GaF LG
2 4 & & 1(0.99%,+1.01%), H#AEnZ +2 % 49
B TLEHR AL —T: XKEF[ALGAH L 27
Bi(1,p), # ¥, Bif 4 wim% #4$0.01, #rp=0.01.
BH P @NAS, {£15 5 4 ¢ N IAE e sha] &
# & 19(0.0099,0.0101), Mn#z 42 % 42
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T4, AE2HBGME A=, F £ AHc*=p(l-p).
#£, fmﬁxkﬁ, ALK EY =28 RaBAEEST, F3

o, xY Z ' fl.(uflﬁfkﬁa‘ éiké}w‘fﬁ
B - Jﬁa Jﬁo

>8
a<-L
n

Jifau)_ LR _Jnlb-p)
O _\/_G_ O

P <br>2l-a=P >1-«

SQ(MJ_Q(MJZM
A+, p=0.01, 62=0.0099, a=0.0099, b=0.0101, ¢=0.05 %,
00L(2EHAKFH—MRMA), B EELT A, BEFHHHE
R INEE-PIN

B i A#4A=Tod, wLiFeldd.
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if _ _name__ ==

160

140f -

120H--

CLTSE: :

80

60

__main__":

U = numpy.random.uniform(©.0, 1.6, 16600) 20
plt.hist(u, 86, facecolor='g', alpha=8.75)
plt.grid(True) %0
plt.show() too
LA b By J
times = 16000
for time in pange(times); 120 b ]
u += numpy.random.uniform(©.6, 1.8, 1€068)
pr'j_nt 1En(u) 100k P N
u /= times 80L i OO |
print len(u)
plt,hist(u, 80, facecolor='g', alpha:@,}'S) 60 L R J
plt.grid(True)
plt.ShDW() e A N
20k J
0485 5250 0.495 0.500 0.505 5510 0.515
3 N > I = s
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A2 ...... A ke mE, 8P(AD)

max P(A | D)= mex P(D'P’ggg’(’*) _ max(P(D| A P(A ) —FARERE , may P(D] A)

= max P(A |D)— maxP(D|A)

F—NE X Dotk

FANFEN: ALz, MPD)AF 4,

BBk £ EERAL A ALt
(Ri&k4z), MEFHRE~NER: L TEAK
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1=1
X, O FABE 2L 58HK; Atk BAA
*‘f$e—‘ ’@‘fl‘i—) —T’/(ﬁﬁkal,Xz Xni@i@; L(X,e)
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B A BAE: p=0.7
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N-nk 3 T o
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f(n| p)=log(p"@- p)* " )—2—h(p)

oh(p) n N-n 0 —p-n

op p 1l-p N
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