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—. numpy A |]

1. numpysEftAa?

1) numpys&Numerical Pythonf4i5, BRI “H({H¥python”

2) numpyse—HEEFFIRAIR AT HE . o .

3) numpy Rk T EAE g8 5 APy thonfERUE VT 77 T, fiE 095 IMEIRIIA L.
@nmm%ﬁ$5%ﬁ?&ﬁ\ﬁﬁ%%%ﬁﬁﬁﬁ%%zﬁﬁ

5) numpy5scipy. scikitsy matplotlib&EH &Rl H 5 A ] LUR Gt bl TAE

6) numpy i B\ ftmatlabfmathematicalf)#l 3 DhEe, I 0V P AT PRIE A B A E 5% 1

2. numpy 7 5 5

1) 19954, numeric, F-HMIpythoniE ZHUEITHE, WA CIEH.

2) 20014, scipyBWiH AN, FnumericfiBUE TTH, I —LeHr i B numarray # .
3) 2005%F, HMnumeric, & EFnumarrayfI3 R AR,

4) 20064, numpyiEscipyMSr kAR, [FEEAA numericfinumarray i BTA Kk .

1%
ﬁ
(Y

numeric —> numeric + numarray ——+
3. N4 Ad Fnumpy?

1) [FFEREUE AT, M Fnumpy b B #29% S py thonf Ui B8 {4 .
mnmm*ﬁﬁ%ﬁ%ﬂ%k%ﬁﬂﬁkm?mwmﬁﬁ (B 38 A M G2

3) numpy ) KM HCIES ME N, X5 HIBITHEE FH4ipythonfRISHRG £ .
4) numpy e 5E TR, ﬁ$ﬁ§&@ﬂﬁi%ﬁ%ﬁ

4. numpy 1] 5 PR 14

Dnmmﬁ@ML%@T&mwmmhﬁ,Tﬂ%ﬁﬁzﬂmﬁﬁ HARAITFAHE.
2) numpy R FCIE 5 SLBU, KT javaE ML jy thon B FTd JE 2448 FH numpy 1 D g »

5. numpyHJpython¥f i

1) “Z3python

https://www. python. org

2) wEBHE LA

numpy+mkl (Intel® Math Kernel Library):

https://www. 1fd. uci. edu/ gohlke/pythonlibs/#numpy
numpy—1. 13. 3+mkl-cp36—cp36m—win amd64. whl

scipy:
https://www. 1fd. uci. edu/ gohlke/pythonlibs/#scipy
scipy—1. 0. 0—cp36—cp3bm—win amd64. whl

matplotlib: N
https://www. 1fd. uci. edu/ gohlke/pythonlibs/#matplotlib
1w
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matplotlib—2. 1. 0—cp36—cp36m—win amd64. whl

6. numpy %L
1) numpy B T1ENBAS SHEIZE S, Mitpythonfflist4i8s, A LA IRIR ZIEIFIER].

BIRE: [Nk
01 primer/01 vector.py

2) numpy A HIH Spythonflist B ERAIE, TR ZIALLE S 75 FF.
. numpyZ&ht]

1. BUHM%R

1) numpy ™ ffndarray @& — > Z4ERHRA, Hp .

SE B B A

hLﬁﬁmmﬁﬁ N

RAB IS E R B I BRAEASORAB SO Te B 570, 1 I AME SO R R 1 SE R -
mnmmﬁ@ PR [ 5T 14 5 wﬁ@*%ﬁE§M§i%é £
3) numpyZL M TARMOFER, I —DInRE M Fr AEEH KL
4)@ﬁﬂ%%“ﬂ@%@%?ﬁ%%%ﬁﬁ%”
5) AR G shape)@ B L U AR IR EA G E, KA TR BR—DLEL TR

numpy. arange: Q% —4E%4H,;
numpy. array : Q#2454 .

BIFE: FHMY4ERE
02 basic/01 shape. py

2. ZHYEEUH
1) numpy. array pR% ] DUARYE 45 € [0 GO0 24 .
e E’JXT%{EZUIE%U%%&EQH%?&E’]?ﬁ]
2) A PLEE numpy. array R E A dtype S BN BT 1 B0 1M ot 2 48 8 B 2R .

BIRE: B2 4EEA
02 basic/02 array. py

3. TLRRI
BAAMNE. .., KIS, 1785, ¥EIl]

BiFE: @R LU A A TR
02 basic/03 index. py

4. Bkl

1) PR RHGE R

type(l) —> <class "int’ >

2) REWREMNR, KAUNFEARE, KUWNRPREEtype

type (type (1)) -> <class ’type >
type (type (type(1))) —> <class *type’ >

St
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Ly



notes. txt

3) pythonflI##EIEA

bool
int
float
complex
str
tuple
list
dict
set

4) numpy [ HE A

numpy. bool
numpy. int8
numpy. int16
numpy. int32
numpy. int64
numpy. uint8
numpy. uint16
numpy. uint32
numpy. uint64
numpy. float16
numpy. float32
numpy. float64
numpy. complex64
numpy. complex128
numpy. str_

5) HE X EdERA
numpy. dtype ([ ( name’, numpy. str , 40), (age’, numpy.uint8)]). type

BIRE: R
02 basic/04 types. py

5. numpy. dtype

Fﬁgumpy;dtype3$ﬂ§EQXiﬁﬁ,‘%§%§numpy.arrayEEi&E@dtypeé%%&,
AEH I uERTE T o PR R,

t = numpy. dtype (T)
a = numpy. array ([...], dtype=t)
b = numpy. array ([...], dtype=T)

1) T: numpy/ & 3KAY
numpy. dtype (numpy. int32)

Booleans:

Type | Remarks Character Code

bool | compatible: Python bool T

%3 W



bool8 | 8 bits

notes. txt

Integers:

Type | Remarks

Character Code

byte
short
intc
int
longlong
intp
int8
intl6
int32
int64

compatible:
compatible:
compatible:
compatible:
compatible:
large enough to fit a pointer

8 bits
16 bits
32 bits
64 bits

C char

C short

C int
Python int
C long long

Unsigned integers:

Type | Remarks | Character Code
ubyte | compatible: C unsigned char "B’
ushort | compatible: C unsigned short "H
uintc | compatible: C unsigned int T
uint | compatible: Python int U
ulonglong | compatible: C long long Q
uintp | large enough to fit a pointer P’
uint8 8 bits
uintl6 | 16 bits
uint32 | 32 bits
uint64 | 64 bits

Floating—point numbers:

Type | Remarks | Character Code
half e’
single | compatible: C float 7
double | compatible: C double
float | compatible: Python float d
longfloat | compatible: C long float g
floatl6 16 bits
float32 32 bits
float64 64 bits
float96 96 bits, platform
float128 128 bits, platform

Complex floating—point numbers:

Type | Remarks

Character Code

csingle

Paxard

54
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complex | compatible: Python complex D
cfloat
clongfloat G

32-bit floats
64-bit floats

complex64 | two
complex128 | two
complex192 | two

96-bit floats, platform
complex256 | two 128-bit floats, platform

Any Python object:

Type | Remarks

Character Code

object | any Python object

)O)

Flexible types:

Type | Remarks

Character Code

bytes | compatible: Python bytes " SH’
unicode | compatible: Python unicode/str U
void Ve

In the character code, " #

2) T: numpyyz HI2K#HY

numpy.dtype(numpy.integer)

is an integer denoting how many
elements the data type consists of.

NumPy | NumPy
Generic Types | Array Scalar Types
integer int
signedinteger
unsignedinteger | uint
number
inexact | float
floating
complexfloating | cfloat
character | bytes
generic | void
flexible

3) T: pythonyE A

numpy. dtype (int)

Paxard

5
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Python | NumPy

bool | bool
int int
float | float
complex | cfloat
bytes | bytes
unicode | unicode
str (Python2) | bytes
str (Python3) | unicode /str
buffer | void
(all others) | object

4) T: REIFRFH
numpy. dtype C int32’)

5) T: RAFFHY

numpy. dtype C > (2, 3)4i4’)

The first character specifies the kind of data
and the remaining characters specify the number
of bytes per item, except for Unicode, where it
is interpreted as the number of characters:

Character Code | NumPy/Python type

boolean

(signed) byte
unsigned byte
(signed) integer
unsigned integer
floating—point
complex—floating point
timedelta

datetime

(Python) objects

a zero—terminated bytes
Unicode string

raw data (void)

2]
S OO =S 0, e R o

Recognized strings can be prepended with:
’>” - big—endian,
"¢ - little—endian, or

) )

=" — hardware—native (the default),
to specify the byte order.

6) T: KM
numpy. dtype ( (numpy. str_, 14))
) T GERIEA, 4R
% 6 I
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numpy. dtype ((numpy. float32, 3))
numpy. dtype (((numpy. uint8, 3), 2))

8) T: 125k RA 75

numpy. dtype (" Ul4, 3f4, (?,3?u8:) o
RPN FZERE £0° . U, 7 £27 2951,

9) T: [(BFR, RA, 4k, ... ]

numpy. dtype ([

(Cst’, numpy.str , 14),

Cvt’, numpy.float32, 3),
~ CUmt’, numpy.uint64, (2, 3))])
TCRFWENFEA st”y vt “mt” FViA,

10) T: { names :..., formats’ :...,  offsets :..., ’titles :...

numpy. dtype ({
"names’ : ["st’, ‘vt’, ‘mt’],
“formats’ : U147, *3f4’, ’ (2,3)u8’ ]})
1) T: {&FR: CGEHRZEFE, WEFZEE), ...}
numpy. dtype ({
“st’: (U4, 0),
‘vt (C3f4, 56),
'mt’: C(2,3)u8’, 68)})
12) T: (JEA, HFRER)

numpy. dtype (C <u2’, [C1lo’, 'ul’), Chi’, ’ul’)]))
numpy. dtype (C U6’ , { codes’: (C6ud’, 0)}))

BIFE: Fdm R R
02 basic/05 dtype. py

6. FUHY A
B [FB14Edn: &1k 2K, Fodilia . &b 0K, ... ]
) —#EHmY

)

arr = numpy. arange (1, 10)

arr #[123456789]
arr[:3] # [1 2 3]

arr[3:6] # [4 5 6]

arr[6:] # [7 8 9]

arr[::-1] #(987654321]
arrl:—4:-1] # (98 7]
arr[—4:-7:-1] # [6 5 4]

arr[-7::-1] £ [32 1]

arr[:] # (12345678 9]
arrl::3] # [14 7]

arr[1::3] # [2 5 8]

arr[2::3] # [36 9]

b

“itemsize’ ;...
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arr = numpy. arange (1, 25).reshape(2, 3, 4)

arr

arr[:, 0, 0]
arr[0]

arr[0, :, :]
arr[0, ...]

arr[0, 1]
arr[0, 1, :
arrl(..., 1]

arrl(:, 1]

arr[0, 1, 1::2]
arr(0, :

arr[0, ::
arr[0, ::2,

arrl[::-1, ::

BIRE: YA
02 basic/06 slice.py

7. MURYERE
1) fEAR4E

a
b

a. reshape (2, 3)

¢ = b. reshape (6)

numpy. arange (1, 7)

HHHHFHHHTEHFHFEFHFHHEHFHTFHEHHEHTEFHFEFHE TSRS

HH A

[([[L1 2 3 4]

[ i

[

i1
—_

i
Oyr—r—r—r— Ol Ol e

i
—
D> CO CO

[
— = DN

RO PR HOITO W+
[u—
o

—
e S N

[
[

11
15
19

[24 23
[[19 20]
[23 24]]

[
i
DO — —
[ NepN\V]

(12345 6]
(12 3]
(45 6]]
(12345 6]

o
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d = b. ravel () #[12345 6]
2) HfilAgE
e = b. flatten() #[123456]
3) HhHh AR
a. shape = (2, 3) # [[1 2 3]

# [45 6]]
a. shape = (6,) # (12345 6]
a.resize((2, 3)) # [[1 2 3]

# [45 6]]
a.resize ((6,)) # (12345 6]
4) MEHE
f = b. transpose () g [[1 4]

# [2 5]

# [36]]
EER: —4HdAAREE.
g = a. transpose () #[123456]
h = a.reshape(-1, 1) # [[1]

# [2]

# [3]

# [4]

# [5]

# [6]]
i = h. transpose () # [[123456]]
j = i.transpose() g [[1]

# [2]

# [3]

# [4]

# [5]

# [6]]

BIRE: R EH 4RSS
02 basic/07 reshape. py

8. HEHA
1) EEHHAE

numpy. vstack ((u, d)
numpy. concatenate ((u, d), axis=0)

u d v
[[a b c] [[1 2 3] [[ab c]
[de f] <+ [456] V> [de f]
(g h il] [7 8 9]] [g h il
(12 3]
(4 5 6]
[7 8 9]]

St
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2) KVHE

h = numpy. hstack ((1, 1))
h = numpy. concatenate ((1, r), axis=1)
1 T h
[[ab c] [[1 2 3] [[abcl 23]
[de f] <> [456] <H> [def 45 6]
[g h i]] [7 8 9]] [ghi?789]]
3) WEHE
d = numpy. dstack((1, 1))
1 T d

[[a b c] [[1 2 3] [[[a 1] [[d 4] [[g 7]
[de f] <+ [456] <D> [b2] [e5] [h8]
(g h il] [7 8 9]] (c 311 [f 6]] [i 9]]]

4) 1THE

r = numpy. row stack ((u, d))

l[abec] <+ [123] <R [[abc]
[1 2 3]]

THRBUARITHAE SN TEEAS.
5) FIHE
¢ = numpy. column stack((1, 1))

[abec] <+ [123] <> [[al]
(b 2]
[c 3]]

THBAM YA ESEN TKTFAE

BilFE: HEHUH
02 basic/08 stack. py

9. EIFA
1) FEHEHE

numpy. vsplit (v, 2)
numpy. split(v, 2, axis=0)

arrs
arrs

10 T
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\% arrs
[[a b c] [[a b c] [[1 2 3]
(de f] <V [de f] <+> [45 6]
[g h il (g h il] [7 8 9]]

i

[a—
cooIN TS O T

L

[

2) Ko

numpy. hsplit (h, 2)
numpy. split(h, 2, axis=1)

arrs
arrs

h arrs

3) W E
arrs = numpy. dsplit(d, 2)

d arrs

[[[a 1] [[d 4] [[g 7] [[[a] [[d] [le]
[b 2] [e5] [h8] <D> [b] [e] [h]
[c 3]] [f 61] [i 9]]] [c]] [£]1] [il]]

<+

BIFE: oEIEA
02 basic/09 split.py

10. FHR B M SR
1) BAMEM

numpy. ndarray. dtype - RPN
numpy. ndarray. shape — BUH AR
numpy. ndarray. ndim - BUHHE AL
numpy. ndarray. size - R
numpy. ndarray. itemsize — JGEF AL
numpy. ndarray. nbytes - FHFTIE
numpy. ndarray. T - HENHE
numpy. ndarray. real - SEHUA
numpy. ndarray. imag - REHREZH
numpy. ndarray. flat - - FIEARER

2) B

numpy. ndarray
numpy. ndarray

tolist () — FediBd Jypythonsl| &
.astype ) - FHEHTHITTERIH

BIRE: B & 1 5 e

02 basic/10 a

ttr. py .
%11
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=\ numpy 138 K%L
1. BEHCSVIC A
dates, opening prices, highest prices, \
lowest prices, closing prices = numpy. loadtxt (
filename, delimiter=", , usecols=(1, 3, 4, 5, 6),

unpack=True, dtype=numpy.dtype C M8[D], f8, f8, 8, 8 ),
converters={1: dmy2ymd})

BIRE: =l K2k K
03 comm/01 candle. py

2. HECFHE
Samples: S = [sl, s2, ..., sn]

sl +s2+ ... + sn

Mean: m =
n

mean = numpy.mean(closing prices)

piRe: B35 St S B  EHOT B O s
%21 AT SOt F R E S ECE
03 comm/02 mean. py

3. IBCFEIME

Samples: S = [sl, s2, ..., sn]

Weights: W = [wl, w2, ..., wn] '
wi

Normalized Weights: N = [nl, n2, ..., nnl, ni =

wl + w2 + ... wn
slwl + s2w2 + ... + snwn
Weighted Average: a =
wl + w2 + ... + wn
= slnl + s2n2 + ... + snnn

vwap = numpy. average (closing prices, weights=volumes)

1) BEEEIBCE A% (Volume Weighted Average Price, VWAP)jg —ANEH B E K45
fotr, EAARE R PO . AR I RS ROR, AZ AR T b A A AR
1o VWAPHILZ LARCEE B AU T H R B INACE- 30 as, W THIERL S

BIFE: TH B EE B S 2 A RS (VWAP)

03 comm/03 vwap. py

2) WTEIRCTE4 4 (Time Weighted Average Price, TWAP) &) —AMEH B 2 45 4k
bro HIEARAEE, AT, SO RS AR

G520 THE SR AR A 4 (TWAP)
03 comm/04 twap. py

4

o

o121
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4. BNEMERME
1) max/min — H2H P EUEOR/ B/

a numpy. max (a) numpy. min (a)

[[9 7 5]
(31 8] 9 1
(6 6 1]]

2) maximum/minimum — XN T2 A K/ B/

a b numpy. maximum(a, b) numpy.minimum(a, b)
[([975] [[619] [[9 7 9] [[6 1 5]
[318] [717] [7 18] [317]

[6 6 111 [4 4 5]] [6 6 5]] (4 4 1]]

BIRE: e KA A B ME
03 comm/05 max. py

I S AE — S IS YA e e 4 e v AT B AR R B AR, I WA AR X — I J A R A A AR A Y

+ (—————— Max Highest Price —+
+ |+
N |+ + | + <— Highest Price
|+ . . Range
T + + <—— Lowest Price
+ +
+ < Min Lowest Price —+

| {———— Time Period ———>|

220 TFEIR RIS
03 comm/06 range. py

3) ptp - M=, HIEHARAK TR ER/NITRZE

a numpy. max (a) numpy.min(a) numpy. ptp(a)
[[9 7 5]
[3 18] 9 1 8
(6 6 1]]
JREEE AN MR L, RIZ I S () 36— Fh AN A A — g B B P R 22
+ Max Highest Price —+
+ |+ | High Spread
+ < | —— — | — Min Highest Price —+
|+ + | 4+ + |
+ | 4+ + + {—— Max Lowest Price —+
. + | Low Spread
+ < Min Lowest Price —+

| {———— Time Period ———>|

13 T
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12 THER SRR A T
03 comm/07 sprd. py
5. Hfr%k
B Z AR/ AES, TR E AL B e s By R A .
AEATCER:

(5-1)/2 == 5/2

Median

BEA TR
(6-1)/2 1= 6/2

\ 7/

Arithmetic Mean

\/

Median
Twdl, e bl AESR: M= ALL-1)/2] + A[L/2]) / 2
median = numpy. median(closing prices)

fIRe: B 305 S SRS A A%
:21: AFE07 LB S R AL %
03 comm/08 med. py

6. JINGitEMS

1 A
Samples: S = [sl, s2, ..., sn]
2) YA
sl +s2+ ... + sn
Average: m =
n
3) %
Deviations: D = [dl, d2, ..., dn] (di = si—m)
4) BETT
Squares of Deviations: Q = [ql, q2, ..., an] (qi = di " 2)

14 T
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4)  (R) 5 7%=

ql + g2 + ... + qn

Population Variance: p =

5) (&ME) bk OF) %
Population Standard Deviation: q = sqrt(p) <- J7¥JR
6) MEAS 2
gl + g2 + ... + an n

Sample Variance: s = =D
n-1 n-1

) FEARRRE OF) %
Sample Standard Deviation: t = sqrt(s) <- IR
VERMEARTT ZMEARTT ZRX A, —ABEn—110 3 — N Fn. FEARTT Z O ) I IE R B ZE7E

L'

RV LR IR, TR AT DL SR E AR 4 B2 ORI A/ 00 I
(EABEVR IR, LA B — A H B, BRI R A ] R/ T PR AR
(AT A2 T RS0, e — A, N dEn BRALR A, AT L 2 fl
MREASLS I L, ) U~ R R A R A5
LR E AT TR RS, O fon- B R SRR E
TIe=

population variance = numpy.var(closing prices)
sample variance = population variance * closing prices.size / (
closing prices.size — 1)

BiIFE: B35 T F S R T 2= SR T %
:21: AT SO E IS Lk T Z SRR T %
03 comm/09 var. py

H

E§

Samples: S = [sl, s2, s3, ..., sn-1, sn]

ANV \ /

\/ \/
Differences: D = [ dl, d2, o dn-1 ] (di = si+l-si)
Simple Returns: R = [ rl, r2, e rn-1 ] (ri =di / si)
Logarithm of Samples: L = [11, 12, 13, ..., 1n-1, 1n] (1i = log(si))

ANV \ /

\/ \/

Logarithmic Returns: T = [ tl, t2, e tn—1 ] (ti = 1i+1-11)

—
—
[l

li+1-1i = log(si+tl)-log(si) = log(si+1/si)

numpy. diff (closing prices)

numpy.std(simfreturns)

numpy. log(closing prices)
%15 I

dif prices
sim returns std
log prices
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pos returns_indices = numpy. where(sim returns > 0) [0]

PR 5 S A 1T B AL 2 2 AR HR A 2 %
03 comm/10 ret.py

Volatility: v = std(T)/mean(T)/sqrt(1/trading days)

212 TR RIS BN
03 comm/11 vol.py

7. BEXTIS TR) R 2 dr

1) converters

numpy. loadtxt () &L IconvertersZ e — AN S B 5 R4 H bR i R] X6k B o
numpy. loadtxt () BRELEFLHATIEREH, KR ZRE, LSR8 e 71 2k

def dmy2weekday (dmy) :
return datetime. datetime. strptime (str (dmy, encoding= utf-8),
" %d—%m-%Y’ ). date (). weekday ()

weekdays, closing prices = numpy. loadtxt (
filename, delimiter=", , usecols=(1, 6),
unpack=True, converters={1: dmy2weekday})

BIRE: oA 2 B
03 comm/12 week. py

2) apply along axis

numpy. apply along aXls()l_l%Z VA 5 AN S HERE R R, RIS 95 € i A2
SN, AR B I A A P A, R 2

summaries = numpy. apply along axis(
get summary, 1, indices, opening prices,
highest prices, lowest prices, closing prices)

BIFE: 4 B S
03 comm/13 sum. py

0

3) maximum/minimum

m%%£QMMWMmmmmmMO@ﬁﬂuﬁﬁ%¢ﬁﬁ¢ﬁ&ﬁ%%%ﬁﬁ%¢ﬁmﬁ
N

tr = numpy. maximum (numpy. maximum(he, cl), hl)
P E SR (Average True Range, ATR) & — AN KMl & AN B sh PE I H AR e b -
|

s
XXX
XXX - <~ Highest Price
XXX
XXX| | 4t
XXX he | |
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XXX
XXX v
Closing Price —> +—+—— hl

{— Lowest Price

m%ﬁwﬁgmﬂﬁt (R BARMATET H UL

R Z S =AM %

he = ZH&E &N - /7 HYE

cl = AT HWEAT - = H&REr

hl = HHEEN - ZHE)
:ﬁm§¢%%ﬁ@w\@”%ﬁ%E*&%@me@%&TM;
NS 5 H A i) H P38 S B 52 5y LS 1 49 4
HERZ 5 HWF RS iR T A X5

ATR[i-1] x (N-1) + TR[i]

ATR[i] = i=1, 2, ..., N-D

G52 THER EAN RS IS B SRR (ATR)
03 comm/14 atr.py

8. HARERIEH
1) convolve

/ numpy. convolve (a, b)

[6 19 40 61 82 67 40]

a b numpy. convolve (a, b, same’ )

(x) =
[12345] (6 7 8] [ 19 40 61 82 67 ]

numpy. convolve (a, b,  valid’)

\ L 40 61 82 ]

o)}

= 0x8 + 0x7 + 1x6
19 = 0x8 + 1x7 + 2x6
40 = 1x8 + 2x7 + 3x6 ———————

" 61 2x8 + 3x7 + 4x6 | Valid | Same | Full
82 = 3x8 + 4x7 + 5x6 —— v
67 = 4x8 + Oox7 + 0x6 ——————- v
‘ 40 = 5x8 + O0x7 + 0x6 ——————
001234500
8 7 6 |
8 7 6
8 7 6
8 7 6
8 7 6

17 T
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o

BIFE: B
03 comm/15 conv. py

2) #BEFLk
B4 Moving Average, MA)JH%; Eﬁ

SE S MEENAS I (BLAINANSE 5 H) (1Y
B B IR . A ISR T

-\ \
\ Date \ Closing Price \ SMA-3 \
\ \ \ \-

\ \ =
\ yyyy—mm—dd \ 999. 99

BFE P2 . 8 TitRE, WEFk
Jup @UZ&H”HTIEUF%WJ{%ZJJU@D JfFlJrﬁ
A F2 5 324k (Simple Moving Average, SMA)

I

[|

_ﬁtrtP
-EEkm

a:
%z
N

\

\ \ ' P\
\ yyyy-mm—dd \ 999.99 | | \ N/A \
\ | |

\ ' o\ \
\ yyyy—mm—dd \ 999. 99 +-|—|—M—> 999. 99 \
\ \ +—|—|— Fo\ \
\ yyyy—mm—dd \ 999. 99 +-|—|—M—> 999. 99 \
\ +—|— | Fo\ \
\ yyyy—mm—dd \ 999. 99 +-|—|—M—> 999. 99 \
\ | |

= | -\ \
\ yyyy—mm—dd \ 999.99 +- |- —M— 999.99 \
\ N B : \ \

\ yyyy—mm—dd \ 999.99 +-|——M—> 999. 99 \
\ \ | S I \

\ yyyy—mm—dd \ 999.99 +———- M—> 999. 99 \
\ \ A = \ \
-\ \ \ \-

smas = numpy. zeros (closing prices. size — (time cycle — 1))
for i in range (smas. size):
smas[i] = closing prices[i:i + time cycle].mean()

TN E LTSRN IO B E R I A T A E SRS L, BRI — R E 2 3
B aIN=5 K B N HAEF A 0.2 0.2 0.2 0.2 0. 2]

;
a
=
0Q
Z
CJJ
|

Closing Prices

| CONVOLVE |3|2|1| - Reverse of Weights

'AIB|C|ID|E|F|G|H|T| - Convolve

N-1][N-1:1-NJ|N-1
F—t—t—t—+—+ — SMA
\CID|E|F|G] Simple Moving Average

-

18 T
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[1]2[3]

—

[1]2[3]

|AIBICIDIE|F|GIH|T|

> s-(N-1) |<-
(—— S+(N-1) —>

+—+

Al = 0x1 + 0x2 + ax3

+——+

'B| = 0x1 + ax2 + bx3

IC| = axl + bx2 + cx3

+——+

bxl + c¢x2 + dx3

E

D
_I__

Valid

cxl + dx2 + ex3

_I_
F| = dx1 + ex2 + fx3

——+

|
_I_
|
_I_

N
|
_I_
|
_I_

\%

G| = exl + fx2 + gx3

fx1 + gx2 + 0x3
= gxl + 0x2 + 0x3

=
+——+
T
+—+

/T

weights. sum()

/T

weights = numpy. ones (time cycle)

weights /

:-1], ’valid’)

smas = numpy. convolve(closing prices, weightsl[:

019 T
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BIRE: 2t o] B A% BT 5 28 (SMA)
03 comm/16 sma. py

TEHRE B 1 12k (Exponential Moving Average) th&—FHiftT M ARIEIR. "EXSHBIE LA
e KA B P st Y B 2 — AN AE I (8] E 3 Sz R s ) 0 — e da 80Uy 51, %558
BT AR R R AT ) HfE U (BB v o B ANN=5454E B [0. 114 0. 146 0. 188 0.241 0.310], %
FARZ[0. 310 0.241 0.188 0.146 0.114],

weights = numpy. exp (numpy. linspace (-1, 0, time cycle))
weights /= weights. sum()

emas = numpy. zeros (closing prices. size — (time cycle — 1))
for i in range (emas. size) :
emas[i] = closing prices[i:i + time cycle]. dot (weights)

emas = numpy. convolve(closing prices, weights[::-1], ’“valid’)

5> hilFeERE BT 5 28 (EMA)
03 comm/17 ema. py

3) A

AR (Bol Linger Band, BB) HEA A i = A BUBAM BUIHEREE, Jhrb.
L AR B R 2 T 42k

UL T P (b 2

LRI 15 1 s 2

< N >

o 1 2 3 4

: a : b : c : d : e : f : - : u : % : W i X i y i Z i closing prices
I | mean | | | |_mean |
mean_|_ mean_ |
{—— N-1 ————>[ VoV vV
: A : B : . i U i Vv i sbb medios (sma)

// (a—A) "2+ (b—A) "2+...+(e-A) "2

\/ N
v
Y o V| stds
| A-2N o V-2V’ | sbb lowers
| A+2N .. V+2V' | sbb uppers
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BIRE: 2zt o] B AT ARy (SBB)
03 comm/18 sbb. py

5> sxthildeEUm MRy (EBB)
03 comm/19 ebb. py

9. LR
1) 2R
Ffl vl BB, —MRArAT L
— BN T A R 5 B AR R
Mo HIIX R — AR HEAE

Samples: N = 3

T AN AL B R s, e il, XA 4E T2 Al
FAARI . — BRI S R A i nT LU AR BEAT 791
[ B /> — 3632 i) i

R

H
G
S

o 1 2 3 4 5 6

alblcld]elf

| g |

|[<—— N —>|<{—— N —>| 2

Linearmodel: [ A C ]

<= N>

labc ]l x[ABC]=aA+bB+cC=4d)\

[becd] x[ABC]=bA+cB+dC=e | —> A B, C—+
lcde] x[ABC] =cA+dB+eC=°f/

[def ] x[ABC]=dA+eB+fC=g <

<= N ]
/abc\ /A / d\

N||bcd|X|B|=]ce]

v\Necde/ \NC/ \Nf/

a X b

ax = b

X = numpy. linalg. 1stsq (a, b)

g = bx

Date | Closing Price | | Predicted Price

2011-01-28 +-336.10 | O N/A

2011-01-31 3 | 339.32 1 N/A

2011-02-01 +- 345. 03 2 N/A

2011-02-02 +- 344. 32 3\ N/A

2011-02-03 3| 343.44 | 4 >+ N/A

2011-02-04 +- 346.50 | 5/ | N/A

2011-02-07 351.88 | 6 +-> 0 | 348.86 {—————— +
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N=23

/ 336.10 339.32 345.03 \
a = | 339.32 345.03 344.32 |
\ 345.03 344.32 343.44 /

/ 344.32 \
b = | 343.44 |
\ 346.50 /

/ 0.60910662 \
x = |-0.39855765 |
\ 0.79656213 /

+

bx = 344.32 x 0.60910662
343. 44 x —0. 39855765

+

346.50 x 0.79656213 = 348. 855745282

PR FUSIEBSBINK DR
S5 BRUEAS RIS 8] JE AN Ze PRI v i
03 comm/20 line. py

2) ZMHRE
kx +b =y
kxl + b =yl
kx2 + b = y2

b:

kx3 +

k%n + E = &n

/xl, 1\ / vyl \
x2 , 1 y2
x3, 1 / k\ y3
) DX | =1 .

\' b/
\xn, 1/ \ yn /
a X b
ax = b
X = numpy. linalg. 1stsq (a, b)[0]
k = x[0]
b = x[1]

[x1 .w. xn] x k + b —> [yl .w. yn]

|
MEEL

SHERL: BRSSO AR AR i R ST A
%22 0
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SRR 2 %

HENL N T — N HM E AL .

SHENT Ey AN R

LIINE HE, Al scaF L. SCEERIBE 7148 .

A 46025l
L 50
A7k A5

o S VAN

I FE : %%
2527 %hmf%%
037comm/217trend py

10. ndarrayXt 215 VE
1) clip

EpE
e
S=
&
T
S

W%

numpy. ndarray. clip () 77721 [Bl—4M

npy BYRLAOSAL, SR BT L g g e KR K M e 4
HRR I NG E BRI TA 4 5E e/

fE /R T 3R I B e 45 € 1) B /ML

o
JE BX

}

| a | a.clip(min=3, max=4) |
111111111 3333333333
122222221 3333333333
123333321 3333333333
123444321 333444333
123454321 333444333
123444321 333444333
123333321 3333333333
122222221 3333333333
111111111 3333333333

2) compress

numpy. ndarray. clip () J772:1% [B]l — MR & 45 7€ 2540 1% 5 PR U2

a. compress (
a 3<a. ravel ().
reshape ((3, 3))

e b e e
DN DNDDNDDND DD DN —
DN W W W WWDo —
N W R RN
N W Ok o —
DN WO O DD
DN W W W WWDNo—
NN DD DN —
e e e T e e e

S

B O

S

3) prod/cumprod

023 T
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numpy. ndarray. prod () J7721% [Bl 520+ BT o R ) e

a: 1 2 3 4 5 6 7 8 9
\x /\x/ \.x/\.x/\ x/\ x/\ x/\ x/|

a.prod() —> 362%80
numpy. ndarray. cumprod () 77721 [0l 5020 v BT o0 2 ) e AR 44
a: 1 2 3 4 5 6 7 8 9
x| x /D x| x /] x/ x /] x/] x /]

v/ v/ v/ v/ v/ v/ v/ v/ v
a.cumprod() —> 1 2 6 24 120 720 5040 40320 362880

BiFE: FAHREEY . RgE fp ok
03 comm/22 ndarr. py

QRHMW%@%@@

1. FHICME
) iz
Samples:
a: [al, a2, ..., an]
b: [bl, b2, ..., bn]
Average:
al + a2 +... + an
ave (a) =
n
bl + b2 + ... + bn
ave (b) =
n
Deviations:
dev(a) = [al, a2, ..., an] — ave(a)
dev(b) = [bl, b2, ..., bn] — ave(b)
Variance:
var(a) = ave(dev(a)dev(a))
var (b) = ave(dev(b)dev (b))

Standard Deviation:
std(a) = v var(a)
std(b) = v var(b)

A, BT ZE RIJTE)

cov(a,a) = ave(dev(a)dev(a)) = var(a)
24 WL
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cov(b,b) = ave(dev(b)dev(b)) = var(b)

B. B %E
cov(a,b) = ave(dev(a)dev(b))
cov(b,a) = ave(dev(b)dev(a))

BEAUE Safibii—%, dev(a) Mldev (b) T FIIE A G FX NOTHR ML, SRS {Hcov (a, b)
AT A RE 2 — BRI IERL .

BEHUE SafibiAlts, dev(a) Mldev (b) i —IE— KX NOTHR ML, RIS {Hcov (a, b)
AT AR — BRI AL

BEHLAE Tafbi LI, dev(a) fldev (b) H A5 g5 W Ll B2 AH S,  RA KA IE AR K,
HIMEcov (a, b) BBz T 2.

2) W7 ZEHERE
Correlation Matrix:

/cov (a a) cov (a b\ /1 coco(a,?) \

std(a)std(a) std(a)std(b) \ /
corr = = X
cov (b, a cov (b, b) / 0\

\ std(b)std(a) std(b)std(b) / \ coco(b,a) 1 /
\

/cov (a a) cov (a b)
| | = covs

N\covi, a cov (b, b) /
\

i ( std(a)std(a) std(a)std(b) ‘
= std
\ std(b)std(a) std(b)std(b) / T

B J5 ZABURME T PSS S AR R TR s g Ay ), TR e 7 BN BENLE 5 H S
WA, N TIEREEE W, FEMAsENL, BIFRPUEANTS B dEZE IR, TIX 2 BT
TEHIAHR 2% coco(a, b)=cov(a,b)/std(a)std(b).

3) FHIHERE

/cov (a a) cov (a b))\

| | = covs
N\covib a cov (b, b) /
4) FRfEZERERE
/ std(a)std(a) std(a)std(b) \
| | = stds

\ std(b)std(a) std(b)std(b) /
5) KR

Correlation Coefficient:

25 T
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coco(a,b) = ——————— coco(b,a) (e[-1,1])

coco(b,a) = ———————— = coco(a,b) (e[-1,1])
std(b) std(a)

FHR RHO RN 1 A BEHLE S A AH R PE (5, XM BT 11, AHOCHERLGE,

R BAEET0, FHICPEBRES . HHSC KRB IE G Sk 1 IAMEERLE S AHSSPER 7 1), 1A
RN LR, RIARMGE S — 5, TERIR R, BIARAGESS AR .

6) cov/corrcoef

numpy. cov(a, b) —> covs

numpy. corrcoef (a, b) —> corr

e %Qﬂﬂ#ﬁﬂﬁﬁﬁﬁ%ﬂ%?%ﬁﬁmﬁ%%ﬁ
2550 HITah 5 AAH S R SR IR s 5 AR 5 R 4K

04 conv/01 corr. py
2. ZWAAE

EM%%E%?%%%%MC,%%*A%%%ﬁ%TQATM%@ﬁ
PR R TT DA — INIR 2 IR T, 10 EENVCR: SE s iR i A o e 55

1) WAE5KRIE: polyfit() Mpolyval ()

Polynomial Fitting Based On Taylor’ s Theorem

SEBR EAT AR AT R
N RIS AT

Any differentiable function f(x) always can be expanded as following:

< n+l >
f(x) =p0x'n+ plxn-1+... +pn
fitd =25
\Y

f(x) = p0x'5 + plx 4 + p2x 3 + p3x 2 + pd4x + pb

fit x = [x0 x1 x2 x3 x4 x5]
fit.y = [y0 y1 y2 y3 y4 y5]
\Y
/ p0x0°5 + plx0°4 + p2x0°3 + p3x0°2 + pdx0 + p5 = y0
pOx1 ™5 + plx1 4 + p2x1°3 + p3x1 2 + pdxl + p5 = yl
pOX2™5 + plx24 + p2x2°3 + p3x2°2 + pdx2 + pb = y2
p0x3™5 + plx374 + p2x3°3 + p3x3°2 + pdx3 + p5 = y3
pOx4™5 + plxd ™4 + p2x4"3 + p3x4°2 + pdxd + p5 = y4
\ pOx5 5 + plxb 4 + p2x5 3 + p3x5 2 + pd4x5 + p5 = yb
numpy. polyfit ()
\Y
fit p = [p0 pl p2 p3 p4 p5]
poly_x

026 T
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| numpy. polyval ()
\Y
poly_y

2) 2 7 RE: numpy. roots ()

pOx ' n + plx n-1 + ... + pn-lx + pn =0, fit p = [p0 pl ... pn |
| ] numpy. roots ()
x = [...]K« I
3) ZIREN FRE: numpy. polyder ()
f (x) =p0x'n+plxnl+... +pn1x +pn, fitp = [p0pl... pn ]
< nt] ——mm——— > numpy. polyder ()
2 (x) = p0x n-1 + plx n-2 + ... + pn-1 , derfg = [p0 pl ... pn—1]
< n >
BiIRE: F— A5 2 TS W B SR 1 2=
%2:%&&5&%%ﬁﬁ%{ﬁ,thﬂ%ﬂ%%%ﬁ

04 conv/02 poly. py

3. s

1) sign

numpy. sign () B&HCR B PN TTRMIETANE, 2RI+ -1M0KR,

signs = numpy. sign(diffs)

2) piecewise

numpy. piecewise () BEURYE 245 7€ I 26 AF X B0 b () Jo 2 40 BOBUE

signs = numpy. piecewise(diffs, [diffs < 0, diffs == 0, diffs > 0], [-1, 0, 1])

IS & (On—Balance Volume, OBV) & &% fa AN 8 R 2 —, &7l LAH 2 HURGEAY . AT
HUCELM A2 H O P HAS . 2 2 HUER A & T80 HUSG A, )24 HOBVAE T4 H AliAe
B AR T AT By, W HOBVEL M H i 2 f. #5724 H s 2515 H ik

FLAY, W4 HOBVAO,

BIRE: THRER SR AR AL & (0BV)
04 conv/03 obv. py

4. REth
numpy. vectorize () BT DK — AN B AN B 11 A B pR B0 H o o B2 1) A B pR B

def calc profit(buying rate, opening price, highest price,
lowest price, closing price):

return profit

27 T
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calc profits = numpy. vectorize(calc profit)
profits = calc profits(
buying rates, opening prices, highest prices,
lowest prices, closing prices)

fEcalc_profits () BREIIHATIEIREH, A%ﬁ%ﬁﬁﬁ¢mtgﬁmiﬁ%wkpmﬁﬂ)
PR, OB HOR [BUE 2R — B IR B 25 1 .

ﬁﬂi*A”%E,xﬁﬁﬁﬁwﬁﬁﬁF%~¢$“ﬁ%A AR TEAORE A 5 A
A, SR, BRI ULE HY g2, Al S s H . BRI S H ARG 45758
Zy HIOALE R K LM

BIRE: BT 5k A2
04 conv/04 sim. py

5. HuE-rE

LT B B #inumpy. hanning () 3& [A]— MR 5% R HUF 51 -

[0 0.1882551 0.61126047 0.95048443 0.95048443 0.61126047 0. 1882551 0]
WA= G TR UL T 2 0~ b

[0 0.0537871 0.17464585 0.27156698 0. 27156698 0. 17464585 0. 0537871 0]

weights = numpy. hanning (time cycle)

weights /= weights. sum()

returns = numpy. diff(closing prices) / closing prices[:—1]
smrs = numpy. convolve (weights, returns, ' valid’)

Z ORI () I RBUT ) fit pl
Z DR 2 (x) IR EUTH: fit p2
Z AR ELS3 (x)=F1 (x) -2 (x) K RZEJFH]: fit p3 = numpy. polysub(fit pl, fit p2)

fit pl = numpy.polyfit(fit x, fit yl, fit d)

fit p2 = numpy.polyfit(fit x, fit y2, fit d)
fit p3 = numpy. polysub(fit pl, fit p2)

B AT T &I P SR A 2

i) REBIPSOR E I A 1%&25
04 conv/05 smr. py

Fiv FEFES 08 R AL
B g 4 B
numpy I RE Rmatri xBTS, matrix@ndarrayf) 7238, —#&HEAE .,

a = numpy. array([[1, 2, 3], [4, 5, 6], [7, 8 9]])
b = numpy. array([[9, 8, 7], [6, 5, 4], [3, 2, 11])
c=a*b

a b c
/ 123\ / 987\ /916 21 \
456 | X | 654 =1_242524 |
\789/ \321/ \ 21 16 9 /

28 Tl
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a = numpy.matrix([[1, 2, 3], [4, 5, 6], [7, 8 91])
b = numpy.matrix([[9, 8, 7], [6, 5, 4], [3, 2, 1]])
c=az*xb
b
/9 8 7\
|6 5 4 |
\ 3 2 1/
X =
/ 123\ /30 2418\
' 456 | | 84 69 54 |
\ 789 /\138 114 90 /
a c
a = numpy.matrix C1 2 6; 35 7; 489 ) — EILFRFE O
b = numpy. matrix (a) — bMa& il T —1n i
¢ = numpy.matrix (a, copy=False) —— cHladt = [\ — 1 EdE
a
/ 123\
| 456 | \
\789/
all,1] =0 \ Bifa
/ a% T
a
/ 123\
1 406 | /
\789/
b
/ 123\
| 456 | —— b IEMA Fa, AR M
\789/
c
/1230 N
| 406 | — cHFE S5adt s, KLHAR Y
\789/
numpy. mat (. .. ) Z4r Tnumpy. matrix (..., copy=False)
a=numpy.mat(C1 2 6; 357; 489) — HTFRHOEIEE
a
/ 126\
| 357 |
\489/
b = numpy. mat (a) —— bflatt =[5 — 0 &
b
/ 126\
| 357 |
\489/

029 T
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b.T — ¥%E

C

34\

58 |

79/

c. I —— K
d

/ —7.33333333e-01 6.66666667¢—02 2.66666667¢-01 \

2. 00000000e+00 —1. 00000000e+00 5. 20417043e-18 |

\ —1.06666667¢+00 7.33333333e-01 —6.66666667¢-02 /

e =

c % d ——— JEURE R x0T R = B

e
/ 1.00000000e+00 0. 00000000e+00 0. 00000000e+00 \
| —1.77635684e~15 1.00000000e+00 0. 00000000e+00 |
\ —2.22044605e-16 —1.11022302¢-16 1.00000000e+00 /

f =

/1
|3
\ 4

numpy. mat (numpy. array ([1, 2, 6, 3, 5, 7, 4, 8, 9]).reshape(3, 3))

f

26\
57 |
89 /

BIFE: AR RE
05 mat/01 mat.py

2. HepheE
numpy. bmat () B EH T¥ T/ NERELH A R FE .

a =

numpy. ones (dtype=int, shape=(3, 3))

QO NN T oY) — = =)
+ * —
o Do —

LWWWoH
LW W W

030 T
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e = numpy.bmat(Ca b; ¢ d)

/111 222\
1111]222
1111222
33314414
33314414

\333 1444/

BiRE: Pz
05 mat/02 bmat. py

i PR AR

1 R (universal function, ufunc) f&numpy. ufuncZEM AN %, HIFAEREEN v 8 24 1E
%ﬁoﬁ%XﬁMW$ﬂ 27— DR (func) , KHSEAE (nin) AR FE A2 (nout)
nin
&

w

ﬁ@@ﬁ%ﬁﬁﬁkﬁ@ﬁ ﬁ%@ﬁhMﬁ%ﬁﬁ¢W&%MEﬁﬁﬁ%,ﬁ%

B fIfunc B, 4 LR Bl nout ME 2H 27 alinou t AN E4H IR [B] 25 38 FH B8 250 1 R 3
ufunc ’
| func |
[12345] —> /1 —>a \ c¢c—> 6\ —> [ 6 6 6 6 6]
| nin < | ~ >d-—>-4 >nout —> [4 -2 0 2 4]
(5432 1] > \ 5 —]—> b / e _T_> 5/ —> [5 8 9 8 5]
18 R ECAT B i numpy. frompyfunc (func, nin, nout) ERERS .
Gather all of returned values of the
holden function into an array that
will be returned to the invoker
e |
> ... |<{-nout=3 v
I I + numpy. frompyfunc ( + I I /[ C]
| func | func, nin, nout) | ufunc | Returns
Hm— + > S > < [ D]
| - < | Hold the func
: : : : \ [ E]

| |<-nin=2 |
031 T



notes. txt
+—— Arguments ——+

| |
[ ? || ? ]

Invoke the holden function with every
element of the argument arrays

def func(a, b):

c=a-+th
d=a-b»b
e =ax*xbh

return ¢, d, e

A = numpy. array ([1, 2, 3, 4, 5])

B = numpy. array([5, 4, 3, 2, 1])
ufunc = numpy. frompyfunc (func, 2, 3)
C, D, E = ufunc(A, B)

print(C, D, E, sep="\n', end= \n\n’)

[6 6 6 6
-4 -2 0 2
[5 8 9 8

BIFE: 18R
05 mat/03 ufunc. py

SIS 38 S A3 F R 4

a = numpy. arange (1, 7)

Ol O

]
]
]

e

a : 1 2 3 4 5 6
b = numpy. add. reduce (a)

1 +2+3+4+5+6

¢ = numpy. add. accumulate (a)

1 2 3 4 5 6
VaZAVATaVA AVAIAVAIA
c:1 3 6 10 1521

d = numpy. add. reduceat(a, [0, 2, 4])

0 2 4
1+2 3+4 5+6
/N N/

d: 3 7 11

e = numpy. arange (1, 4) * 10
e : 10 20 30

032 Tl
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f = numpy. add. outer (e, a)

f:] 1 2 3 4 5 6

10 11 12 13 14 15 16

20 21 22 23 24 25 26

30 31 32 33 34 35 36
FE, numpy. add. outer () Hnumpy. outer () A —FEH o
g = numpy. linspace (=3, 3, 7)
g -3 -2 -1 0 1 2 3

h = numpy. outer(g, g)

h: | -3 2 -1 0 1 2 3
-3 9 6 3 0 -3 -6 -9
-2 6 4 2 0 -2 -4 -6
-1 3 2 1 0 -1 -2 -3

0 o 0 o0 o 0 0 O
1} -3 -2 -1 0 1 2 3
2|6 -4 -2 0 2 4 6
319 6 -3 0 3 6 9

BiIFE: @ R B add i 7%
05 mat/04 add. py

5. SEHLRRIEFIELIS B F ek 4

1) BRikisH

A HFr: LRIEBEHRBEERT N, BRARIALT S REDE
[5 5-5-5] +[2-2 2-2] =[25-25-2.5 2.5]

numpy. true divide ()
numpy. divide ()

B. bR Fg: EHEBOEREMEF S, HEE R AR EF S, W) N,
[5 5-5-5] = [2-2 2-2] ~[2-3-3 2]

numpy. floor divide ()
/

C. RAEMRBR: BHEECZ AT A, aHG R MR BME0E A, W B,
[5 55-5] = [2-2 2-2] ~[3-2-2 3]

D. HMWrikk: EHHCEEMEGTE N, BHEEGRIS BT A, &3
[5 55-5] = [2-2 2-2]~1[2-2-2 2]

033 T



notes. txt
B B RIbRIkE S
05 mat/05 div. py

2) Bz
A HBRRAR: HRRBRIORE, RBEREES.
[5 5-5-5] ~[2-2 2-2]=[2-3-3 2]...[1-1 1-1]

numpy. remainder ()

numpy. mod ()

%

B. BT #ERIIRE, RBGHREES.

[6 555 +[2-2 2-2]=[2-2-22]...[1 1-1-1]
numpy. fmod ()

BIFE: B RE A
05 mat/06 mod. py

6. HAETAT 5 A A3 F e AR ORI

numpy " (14 B 20 ARE R 0 SR SACE AT AT 1 A, IR BB A TN
FIes 8, BRI B X numpy B ANRE REAS P BE AR EAZ 54T, 5 ELH U Al Y o BO0CR S A

1) 35 VAR AP KL F Hn T

x| 1 2 3 4 5... n2 n-1 n

} } % 3 5... 17711 28657 46368 ...
£(1)+(2)=F (3)

f(x) £(2)+£(3)=f (4)

£(3)+1(4)=f (5)

f(n-2)+f (n-1)=f (n)

def fibo recursion(n):
if n < 3:
fn =1
else:
fn = fibo recursion(n — 2) + fibo recursion(n — 1)
return fn

2) EINER LB B ST -

def fibo loop(n):
fn2, fn1 =1, 0
for i in range(n):
fn=fn 2 + fn 1
fn 2, fn 1 = fn 1, fn
%34 W
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return fn

3) FEFRIE R LB B ST -

X 12 3 4 5 n
F> /11\N/11\/11\
v \N10/\N10/\N10/
f(x) | /*1%1 \ /%2 1 \ /*3 2\ /%5 3\ ... /#f(n) f(-1) \ ...
\10/\N11/\21/\32/ \ f(n-1) f(n-2) /
| 1 F2 F'3 F 4 . F'n-1[0,0] = f(n) ...

F | F

def fibo matrix(n):
F = numpy.mat(C1 1; 1 0)
fn = (F *t (n - 1)) [0, 0]

return fn
4) S AIESR P R E ) i T

def fibo formula(n) :
V5 = numpy. sqrt (5)
fn= (((1 +V5) /2) #n~- ((1 -V /2 %kn) / V5
return fn

BIFE: 22 PP 7 vk BRI A8 32 40 5 e T
05 mat/07 fibo. py

7. SEIL= S eR )8 R A

1) linspace

t = numpy. linspace (—numpy. pi, numpy.pi, 201)

e by ¥ l-n,  w JPAIXIAI 25 2004, HUEL G A5 LE P 20 1A S AR
2) sin/cos/tan

FEnumpy *F T (1A 1 = 473 R B0 0 I e e K, ) o A2 s B e PR R e R EOCE:
=EREURAE, A B B AR .

/ x = Asin(at+m /2)
Lissajous <
\ v = Bsin(bt)

def lissajous(A, a, B, b):
% 35 I
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def lissajou(t):
x = A * numpy. sin(a * t + numpy.pi / 2)
y = B * numpy. sin(b * t)
return x, vy
return numpy. frompyfunc (lissajou, 1, 2)

X, vy = lissajous(A, a, B, b)(t)

BIFE: 2R 5= 2 ih 2k
05 mat/08 lissa.py

Squarewaves can be expanded into Fourier Series:

N->oo

n | 1 | 2 | 3 I N

4sin(x)  4sin(3x)  4sin(5x) 4sin ((2N-1)x)
f(x) + + + ...+ + R—>0
n 3x ISR (2N-1) =

4 N->oo sin(kx)
flx) = — pp—
n k=1,3,5,...,N k

def squarewaves (N) :
k = numpy. arange (1, 2 * N, 2)

def squarewave (x) :
return (numpy.sin(k * x) / k).sum() * 4 / numpy. pi
return numpy. frompyfunc (squarewave, 1, 1)

y = squarewaves (N) (x)

BIRE: TWAE T RS
05 mat/09 squr. py

Sawtoothwaves can be expanded into Fourier Series:

N | N->oo

n | 1 | 2 | 3 | ...

-2sin(2mx) —2sin(4mx) -2sin(67mx) -2sin (2N 7 x)
f(x) + + I + R0
3 2m 3m Nz

-2 N->co sin(2k 7 x)
f(x) = — G
n k=1,2,3,...,N k

def sawtoothwaves (N) :
k = numpy. arange (1, N + 1)

def sawtoothwave (x) :
return (numpy.sin(2 * k * numpy.pi * x) / k).sum() * (-2) / numpy. pi
return numpy. frompyfunc (sawtoothwave, 1, 1)
% 36 T
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Triangularwaves (x) = |Sawtoothwaves (x) |

2] NI = ANE T KA
05 mat/10 saw. py

8. SLHNANLIZ B FH R AL
1) °/ xor_ /bitwise xor

Bitwise exclusive—or:

I
—_—O O

5 00000101
~—o 11111011

-2 11111110
If a b<0, their sign are different.

numpy. arange (-5, 6)
-a

a b

a. xor_(b)

numpy. bitwise xor(a, b)
e <0

O QO T

2) &/ and /bitwise and

Bitwise and:

OO
I e =
—Oo = O
nnnn
co—~o

32 00100000
31 00011111

0 00000000

If a&(a-1)==0, it’s a power of 2.

a = numpy. arange (1, 21)
b=a-1

c=ad&hb

d=a. _and (b)

e = numpy. bitwise and(a, b)
f = ale == 0]

3) left shift

037 T
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Bitwise left shift:

1 00000001 270 == 1<<0

2 00000010 21 == 1«1
4 00000100 2 2 == 1<<2
8 00001000 2 3 == 1<<3

16 00010000 274 == 1<<4
0010...0 2°n == 1<<n
> n [<-

91 01011011

15 00001111 <—————— +

11 00001011 == 91%16

If b==2"n, a%b==a& (b—1)

a = numpy. ones (5, dtype=int)
b =a* 2

¢ = numpy. arange (5)

d =b *kk ¢

e =a<lc

f =a. 1shift (c)

g = numpy. left shift(a, c)

h = numpy. arange (24)

i =h%4

j=h& (12 -1

HIFE: friaf
05 mat/11 bit.py

75~ numpy [R5 ER
1. SR (Tinalg)

Y PR M 10— I3 . numpy. 1inalelibet 52 EARBUIN B 3L, XA,
JATRTCUTT AR SRAFAEL - Lk by R DL SR AT St 2%

1) inv
TELRMEACKE R, SEREA S I ARREA " 1) A& — AN B AR RS T
Inversion:
i —-0. 4375 —-0. 16666667 0. 39583333
AA -1=E 0.25 0. 33333333 -0. 41666667
0.3125 —-0. 16666667 0. 14583333
1 2 3 1 0. 0.
8 9 4 0 1. 0.
7 6 5 0 0. 1
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B = numpy. linalg. inv(A)

IR TR R
06 mod/01 inv.py

2) solve

numpy. linalgH fsolve () B& AT LA GnAx=b 1 2k 14 75 FE 4

/ x -2y + z
| 2y - 82 - 8

0
0

\=4x + by + 92 + 9 = 0
/ 1lx + 2y + 1z = 0
| Ox + 2y + 8z = 8
\=4x + by + 9z = -9

X

—t

X

y

zZ

1-2 110

0 2-818

-4 5 9 |-9

A b

Ax = b

numpy. linalg. solve (A, b)

BIRE: Ll T FE2H
06 mod/02 solve. py

X

3) eigvals/eig

WF o 7 FEA, WA afAEEn S| M Ex, 15 Ax=axor, MFRa R FEAR — NMRFE
B, xR MEAE THREHa R E M &

Ax1 = alxl
Ax2 = a2x2

Eiéen values of A: al, a2,
Eigen vectors of A: x1, x2,

al a2

x1 | 2 | x2 | 1

0.89442719 | alxl | 0.70710678 } a2x2 |

A 0. 4472136 v 0. 70710678 v
3 -2 1. 78885438 } . 70710678
1 0 Ax1 0. 89442719 Ax2 0.70710678

/m— 39 J\
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> I I >

numpy. linalg. eigvals(d) -> [2 1]

|
al a2 x1 X2

Vv v v
numpy. linalg. eig(A) —> [2 1], / 0.89442719 0.70710678 }

|
\ 0.4472136  0.70710678 /

BIRE s SR R ) R AL A AR ALE 1) 2
06 mod/03 eig. py

4) svd

#F 5 {H 77 (Singular Value Decomposition, SVD) & —FA 10 fia s, W — AR i
AN FER)FRAN . numpy. 1inal ghBffisvd O B0] DOG R PESEI T 25 S H 0 . %R EI0R
EIZBOE M) = A AU, = FIV, RIM=UZV, HAURIvie IS HRE, RIUUTT=E,
VVT=E (BN PALFERE) , S BRI A SRR, 300 A 2 B PR MRS = 54
A ExF AL ERIME I N0,

ERsvd O BRBUL IR B S AEREEXT ALk EME, BIATEEE, 7 LAEE numpy. diag O BA%L
13 3 5B 1B SEAEFE FE

Singular Value Decomposition, SVD

M=UZV
M bX V
4. 11. 14. 18.9736 0. -0. 3333 0. 6666 —0. 6666
8. 7. —2. 0. 9. 4868 0.6666 0.3333 —0. 6666
-0. 9486 —0.3162 | —18. -3. 4. 1. 14.
-0.3162 0.9486 | - 6. 9. 8. 7. —2.
U U= Uxy

U and V are orthogonal matrices:

uu"T
WT

E
E

The diagonal of X are singular values of M:

18. 97366596
9. 48683298

BIRE X R A B S A o0
06 mod/04 svd. py

5) pinv

fXﬁﬁ%%ﬁ%ﬁﬁ%ﬁﬁ%wmﬁEEZ?ﬁﬁ%,mmyhmmﬁ&%mmO@ﬁﬁ
ﬂ% Al
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Pseudoinversion:
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—0. 18055556 —0. 08333333 0. 23611111

AA"-1=E -0. 04305556 0. 04166667 —0. 00138889
0. 09444444 0. 16666667 —0. 23888889
0. 1625 -0. 125 0. 0375
11 12 13 14 1. 0. 0.
20 21 22 15 0. 1. 0.
0. 0. 1

19 18 17 16

IR THET GE R
06 _mod/05 pinv. py

6) det

175 8 577 A G I — A bR AH . 7T LAY Fnumpy. 1inal gk f)det () eR &5 77 BEIIAT
F A E

Determinant:
a_ b
\_ _/
X = ad - bc
/L
c d
a b ¢ e f d f d e
X = a - b +c
d|e f h 1 g 1 g h
= alei = fh) - b(di - fg) + c(dh - eg)
g | h 1| = aei — afth - bdi + bfg + cdh - ceg

BIRE: THEAERERAT 51
06 _mod/06 det. py

2. Prd e B AR AR (FFt)
1) Pl B A8 (Fast Fourier Transform, FFT)

fEnumpy 1, 47— NN EER AL | PROE (] B AR (g D Rg . FEIX M, VR 2 iR
A O AFAE Y, RS YLV 25 pR R AL X L A R A PR K

f(t) Time Domain
f(t3)
_I_
f(t2)/447/ \ f(t4)
f(tl)/;;f/ \  f(th)
\
i N

41 T



notes. txt

: : ' : i i >t
0 t1 t2 t3 t4 t5

<= dt—>|

A(f) Frequency Domain
~A(f1)
\
\ A(f2)
- A(f3>
A(f4>
- A(f5)
T\i

: : i i > f
0 f1 f2 5

<= df->|

t: [ tl t2 t3 t4 th ] (n=h, dt=t2-t1)

numpy. fft. fftfreq(n, d=dt)
v

freqgs: [ f1  f2  f3  f4  £5] (n=5, df=f2-f1=1/(ndt)
£ [f(t1) £(t2) £(t3) £(t4) £(t5)]

numpy. £ft. £t (f) numpy. fft. ifft (ffts). real

ffts: [F(f1) F(f2§ F(f3) F(f4) F(f5)]

numpy. abs (ffts)
amps: [A(f1) A(f2) A(¥3> A(f4) A(£5)]

PIRE: R do e L A 46 R 3 AR 6
06 mod/07 fft.py

2) Feh

Hnumpy. fft. fftfreq() fMnumpy. fft. 1t Q) BRECOR EFIAREEZH, 4208 MOF+ oo B —o0 F0
FIFHES] . @i numpy. £1t. frtshift O BREIFEAIEAE, 1] AR g oo Fl|+oo FIHEHI i
J¥, Tinumpy. fft. 1fftsh1ft()EE%&DU%R?T*HEiH@%%%ﬁ%ﬁTE #EEaﬂﬁiinumpy fft. ifft OB
BOPHAT I m) o B AR e, T BRI 42 B M0 F1]+ oo i M\ — oo B O HE B ) AT 1k B 2H

fft+abs —> Amplitude Array:

O % K K X X

*
*
*
*
*
0

— % % %

[NoRE
I

* ... e
fftfreq —> Frequency Array: +0 +1 +2 ... +7 +8 +9 -9 -8 -7 ... -

numpy. fft. fftshift () | numpy. fft. ifftshift ()
%42
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<

Amplitude Array:

— % % %
O % * K X X
O % * K X X
— % % %

..k * ...
Frequency Array: -9 -8 =7 ... -2 - +2 ... 7 ¥8 19

BiIfE: o
06 _mod/08 shift. py

3) VEW

NE—— 59 {8 O
i | < '

| B At AR ot fE R
i S| AEE | > | AR | >l ARSI | ——+
+ +

S5 T PR H AR e R K IE JE D AR
06 mod/09 filter.py

3. FEHLEELSR (random)

1) ZIsrA

numpy. random. binomial (n, p, size)

P size MEEALEL BENBENLECKR AnR Z R T IR IIRE,  H R R EA M BRI p.
/ p: probability

+———| of success for
| \ every trial

v
Trials | 1 | 2 | | n | Success Times

1 Success Fail } Fail } 3 \

2 Success Success Fail 5 return
size
random
number

size | Fail | Success | - | Success | 9 /

TR : FJARFES1000, RFEEATIOUR (REKATM IBEE0. 5) , FEXTSIRMSIRLL EoN, %
RNt SO, AL, [ 100005 U T AT 2 D 7

outcomes = numpy. random. binomial (9, 0.5, size=rounds)

BIRE: FET I A0 BEATL B A R 9 Rk
43 T
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06 mod/10 bi. py

2) U A

numpy. random. hypergeometric (ngood, nbad, nsample, size)

P2 size MBENLEL, tA&Mﬁ%QKMHHWMMMH%ﬁ$¢ﬁH$ﬁ B A Hingood
ANEFREA Finbad MR FE A2 K

| nsample/ (ngood+nbad) | Number

Trials A I I of
| Good | Bad | Good
1 3 0 3 \
2 2 1 2
return size
samples

size | 3 | 0 | 3 /

BRI 25 MPERIANRBRIE —8, SRBBAER, SRR, BRI EREELS,
7 10048 LU R 15 % /09y 2

outcomes = numpy. random. hypergeometric (25, 1, 3, size=rounds)

BIFE: 8T LA 0 A7 B AT L Bk i xR
06 mod/11 hyper. py

3) PREIER A

numpy. random. normal (size)

FerEsize MHEAEL IRMFRAEIEZS 7040 -
f(x) =e (x'2/2)/v2m

IR OUE RS2 A BE LA ES 55 S
06 mod/12 norm. py

4) FrAEXTEOE A

numpy. random. lognormal (size)

P size MRINLEL, R ABRHE X Bk S I3 A
f(x) = e (-log(x) "2/2)/(xv2m)

BIRE: IR BOERS /AR RE N LA P B 1 A v
06 mod/13 log. py

. numpy1%& H K%L
1. HEFP R R
44 T
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1) lexsort

o O
DO DN —
= O DN
N W W
o DO >
O3 Ol
S NNeNep!
DO >
W — OO
N © O
— DN O
o DN —
o U1 Do
O > W
O Wk
O = O1
— DN O
[N
Y W o
— -3 O
| ) E—

a: [
b: [
¢ = numpy. lexsort ((b, a))

%Eﬁ%%@ﬂ?#ﬂ%%ﬁﬁﬁd%Hﬁﬁﬁ*@ﬁE%ﬁ%%%ﬁﬁ%ﬁﬁ*ﬁ&ﬁ%%
T o

c: (08101614 11 1418 3 7 13 1512 17 2 19 5 6 9]
ale]: [01 2 2 66 77909]
ble]l: 44 1 1 04 164 7]

BIRE: Z AT
07 spec/01 sort.py

334 4 4 5
672 6 6 6

o Do
o Do
S W

2) sort complex

numpy AT L TR FESEM, ] P s BORR R B B, XL 50a] A numpy 14
sort_complex () BEBEATHEF, IR BIAHAZ SR THFHES,  SEERBAH IR 225 R T o

0+8j 5+3j 0+1j 1+8j 2+7j 3+1j 7+3j 8+Hj 6+3) 5+4]
6+2) 4+1j 9+3j 8+6) 3+1j 8+3j 4+2) 3+5j 5+6) 6+8]

numpy. sort complex ()

v
0+1j 0+8j 1+8j 2+7j 3+1j 3+1j 3+bj 4+1j 4+2) 5+3]
5+4j 56 6+2) 6+3) 6+8) 7+3j 8+3j 8+Hj 8+6j 9+3]

HFe: REHF
07 spec/02 cmp. py

3) argmax/argmin

AR (A1 E 2 oK/ B/ MBI R AR, NaNAE BE A2 e KAE /2 i /IME
4) nanargmax/nanargmin

AR [ R B R/ B IMEL R, B IS NaNAH .

5) argwhere/where

A2 [ B i e 45 E SR AT TR T AR

6) searchsorted

0123456
a: [1245689]
b : [7 3]
¢ = numpy. searchsorted(a, b)
c : [6 2]

45 T
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BbBH P It E, EARIEFRafid i B F, BEERIA .
d = np.insert(a, c, b)
d: [123456789]

7) extract
8) nonzero

IR FEECH A R R R E SR AT I U R IR H T A5
521 DB A G B R I TR
07 spec/03 search. py

2. et

1) fv
2) pv
3) npv
4) irr
5) pmt
6) rate
7) nper

BIFE: SRt
07 spec/04 fin.py

3. HHRE

1) bartlett
2) blackman
3) hamming
4) hanning
5) kaiser

BRI B TR AR 256 dak 22 1) 7 o 5 h 4
07 spec/05 wfunc. py

Y52 AR R S RS B 4
07 spec/06 ma. py

4. BHEIHE
1) i0

BIRE: 2] DLZE R R i 25
07 spec/07 bsl.py

2) sinc

BIRE: 2] —4E f — g v sR A h 28
07 spec/08 sinc. py

J\S IS AT T
1 A5l S
% 46 1
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B HEWS
08 test/01 equal.py

2. FET IO AR E 1 Tl
08 test/02 docstr. py

Ju HFmatplotlibiEHE rT AL
1. fajEex A

1) title

2) xlabel/ylabel

3) tick params

4) grid

5) show
6) plot

BIRE: 2] 22 T =X ok i 25
09 mplot/01 poly. py

BIRE: 7E R — gk AL b ] A 2 1] 22 0 5 ek 20 J S pR 2l 28
09 mplot/02 deriv. py

2. THAARE
subplot

BIRE: 7E =gk AR b 2 2 D ek B e e — By . B pR i 26
09 mplot/03 splot. py

3. JEMf %K
1) set major locator
2) set major formatter

3) candlestick ohlc
4) autofmt xdate

BIRE: =l rKZE &
09 mplot/04 candle. py

4. HITHE
hist

BIRE: =il oA 57 B
09 mplot/05 hist.py

5. X EALbRE
semilogy

BIRE: 43l FH A g SR B0 2R il i 2 Rl As 2 it 28 K]
09 mplot/06 log. py

6. HUAKE
4T W
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scatter

PiRE: el &, HSALE ., K/
PRSI S I b . R B S HAR L R
09 mplot/07 scatter. py

09 mplot/08 scatter3d. py

2] MENLIED
09 mplot/09 walk. py

7. EHth

fill between

PR Xl R R R 25 R IR X 380
09 mplot/10 fill.py

8. KB RE

1) legend
2) annotate

BIFE: EFIFER
09 mplot/11 legend. py

9. =42
1) from mpl toolkits.mplot3d import axes3d
2) projection = 3d’

3) meshgrid
4) plot wireframe

BIRE: 2] = 4ELRHE R
09 mplot/12 wf.py

5) plot surface

BIRE: e =4k K
09 mplot/13 sf.py

10. ZE%K

1) contour
2) contourf

BIRE: et im A S m 2R
09 mplot/14 cntr. py

11. %EH

BiFE: KR
09 mplot/15 bar. py

12. YiHE

BIRE: bt
9 48 1
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09 mplot/16 pie.py

13. #HHE

BIRE: il
09 mplot/17 heat. py

14. HEA

BFE: E~HA
09 mplot/18 date. py

15. ZH|
FuncAnimation

BIFE: Eonshim
09 mplot/19 bub. py
09 mplot/20 sig.py

+. FTpygal FIEHE TR
1. #E+

BIFE: PH— T
10 pygal/01 die. py

S5 : (A B P A T Z5ORH [R] ) 5
10 pygal/02 dice. py

g5 (A B A T AN [F] ) x5
10 pygal/03 diff.py

2. HHEANO

BIFE: il AN D H A
10 pygal/04 wpop. py

3. PythonfyJE

BIFE: A Y ETHEGtHub3LE IPythonTii H
10 pygal/05 proj.py

+—. HETscipyffl#it&
1. EmatlabdiE i

1) loadmat
2) savemat

BlFE: S matlabds K
11_scipy/01_io. py

2. 4t

1) rvs
049 T



2) fit

3) skewtest

4) kurtosistest

5) normaltest

6) scoreatpercentile
7) percentileofscore

B AT BENLEL
11 scipy/02 stats. py

8) ttest ind
9) ks 2samp
10) jarque bera

BIRE: X L I SR R 0l 25 %
11 scipy/03 comp. py

3. fE5 b
1) detrend

HIFE: ZilEihs
11 scipy/04 line. py

2) fftfreq
3) fft/ifft

BIRE: T PR e BL AR 3 1) (5 5 DR UK
11 scipy/05 filter.py

4. Heethide
leastsq

BIFE: T &/ I L&
11 scipy/06 fit.py

5. By
quad

BIFE: THER
11 scipy/07 integ. py

6. JifE
interpld

BIFE: 2R A =k A
11 scipy/08 inter. py

7. 2K

1) imshow
2) median filter
3) rotate

notes. txt
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4) prewitt

BIFE: EME AR
11 scipy/09 image. py

5) read
6) tile
7) write

BIFE: oAb B
11 scipy/10 audio. py

+ =, ETpygameIER5 N T2 gt
1. pygameZiLfi]

1) init

2) set mode

3) set caption
4) SysFont

5) render

6) blit

7) get

8) quit

9) update

BIFE:  Ta] AR,
12 pygame/01 simple. py

2. IRzl

1) Clock
2) load

BIFE: Eonshim
12 pygame/02 anim. py

3. fEpygame ' f# FHmatplotlib

1) use

2) FigureCanvasAgg
3) draw

4) get renderer

BIFE: fFHAmatplotlib
12 pygame/03 mplot. py

4. Vi g R

1) array2d
2) blit array

BIFE: UinERE R
12 pygame/04 sfa.py

5. SRR
51 B



1) Mlgs22>] Hscikit—learn
2) fit
3) polygon

BIFE: Fdm sk
12 pygame/05 clust. py

6. OpenGL

1) pyopengl

2) glClear

3) gluOrtho2D
4) glColor3f
5) glBegin

6) glVertex2fv
7) glEnd

8) glFlush

BIRE: 2t R e B At B
12 pygame/06 st.py

7. PRI

BIFE: Ak
12 pygame/07 life. py
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