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In [14]:

7 RENIE G

import matplotlib. pyplot as plt

import numpy as np

x=range (17)

y=[100, 113, 110, 85, 105, 102, 86, 63, 81, 101, 94, 106, 101, 79, 94, 90, 97]
plt. figure (figsize=(8, 3))

plt. grid()

plt.plot(x,y)

plt. title("figure 1 stock price”, y==0. 25)

O 00 31 O U1 v W DN —

Out[14]:

Text (0.5, —0.25, ’figure 1 stock price’)

110

100 4

70 -

0 2 4 6 8 10 12 14 16
figure 1 stock price

BIYREZNBSLESHE, 2RISR, BRi—XNIRNKREENEFFREFK, AT
MERAFEERIEE, B3N HilEEes

A =[13,-3,-25,20,-3,-16,-23,18,20,-7,12,-5, -22,15, -4, 7]
HEXESRY 16 M S R ERIESA IR ARY FEE.
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findMaxCrossingSubarray (A, low, mid, high)
sum=0
leftSum=-9999/ /MR K & To 75 /I
for i=mid downto low
sum=sum+A [ 1]
if sum>leftSum
leftSum=sum
maxLeft=1
sum=0
rightSum=—9999
for j=mid+1 to high
sum=sum+A[ j]
if sum>rightSum
rightSum=sum
maxRight=j
return [maxLeft, maxRight, leftSum+rightSum]

findMaximumSubArray (A, low, high)
if low==high
return [low, high, A[low]]
else
mid=floor ((low+high) /2)
[leftLow, leftHigh, leftSum]= findMaximumSubArray (A, low, mid)
[rightLow, rightHigh, rightSum]= findMaximumSubArray (A, mid+1, high)
[midLow, midHigh, midSum]= findMaxCrossingSubarray (A, low, mid, high)
if (leftSum>=midSum and leftSum>=rightSum)
return [leftLow, leftHigh, leftSum]
else if(rightSum>=leftSum and rightSum>=midSum)
return [rightLow, rightHigh, rightSum]
else
return [midLow, midHigh, midSum]

i&EIEPythonfXi: REBRALIAIDER
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In [22]:
1 import sys
2 BEEIRIAE L TR E
3 mins = —sys.maxsize
4
5 HEZEA T R
6 def find max cross subarray(A, low, mid, high):
7 left sum = mins
8 sums = 0
9 # [low, mid][X/E], low—17 "] LLEXE]]owlE
10 for i in range(mid, low-1, —1):
11 sums+=A[1]
12 if sums > left sum:
13 left sum = sums
14 max left = i
15 right sum = mins
16 sums = 0
17 #lmid+1, high] X/, high+17 i] LIRZIhigh{d
18 for i in range(mid+1, high+1):
19 sums+=A[1]
20 if sums > right sum:
21 right sum = sums
22 max_right = i
23 return (max left, max right, left sum + right sum)
24
25 def find max_subarray (A, low, high):
26 if low == high:
27 return (low, high, Allow])
28 else:
29 mid = (lowthigh) / 2
30 mid = int(mid)
31 (left _low, left high, left sum) = find max subarray(A, low, mid)
32 (right low, right high, right sum) = find max subarray (A, mid+1, high)
33 (cross low, cross high, cross sum) = find max cross subarray (A, low, mi
34 BIE =GN R FIRAZ, RIFIR A T2 2 5] 5 PLE 70 71
35 if left sum >= right sum and left sum >= cross_sum:
36 return (left low, left high, left sum)
37 elif right sum >= left sum and right sum >= cross_sum:
38 return (right low, right high, right sum)
39 else:
40 return (cross low, cross high, cross sum)
41
42
43 if name ==" main ”
44 A= [13, -3, =25, 20, -3, —-16, —-23, 18, 20, -7, 12, =5, —-22, 15, -4, 7]
45 low, high, sums = find max subarray(A, 0, len(A)—1)

46 print ("Hz%HN A =", A
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A7 print (" K820 7. 7, Allow:high+1])
48 print ("ENHE SE2H HR G KSRz N: 7, str(low)+’, " +str(high)+’,

Hikzs#H oy A = [13, -3, -25, 20, -3, -16, -23, 18, 20, -7, 12, -5, -
22, 15, -4, 7]

BN TFEH N (18, 20, 7, 12]

SENH. Sz HIHAs RS 5 7, 10, 43

3. FiaRIERIES
i T(n) %7 FIND-MAXIMUM-SUBARRAY 3R n N oIS AT AEIETAE)

o /1, 2TRBREERE,BE T(1) = 0(1);

. 4. STRBEEANFEBGRERETN T(12). BARIEERBELH N FaE-£F
HUBRIETEE, EHASERER 2T (n/2);

o JEH FIND-MAX-CROSSING-SUBARRAY 1¢,#? On);

. EftzE 0(1).

EE, X§FEBRER, 5

T(n) = { 0 n=1
2T (n/2) + O(n) n>1

FIRIE B ETTi%, ATLKESEREN T(n) = O(nlgn).

=. iBpFsiLRYStrassenEixL

1. FBPSRAIRRR

“/fE A = (a;;), B=(b;j), C = (c;j) HAnXxniGZkE, i,j=1,2,-,n, EXFEFEFRR
C=A-BJf:

n
Cij = Z ajj - by
k=1

BAEBUE n® MERTTER, 81 TEXE n MENM. TRERREHILE:

SQUARE-MATRIX-MULTIPLY(A,B)
1 n=A.rows
2 let C be a new n X n matrix

3fori=1ton
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4 forj=1ton

5 C,'j = O

6 fork=1ton

7 cij =c,~j+a,~k 'bkj
8

E B =Ffor fER, EILSQUARE-MATRIX-MULTIPLY7:Z:0418) O(n° iE, EEEEHaN
BRI ESER?

ETEBRNNGLBEEIStrassINER n X n BFERINSAE A TRTER 0(n'e7), mFlg7
fF 2.80 71 2.81 Zj&), EHilt, StrassELEMNSITAHAN On>3)), HHEEZ L T aagy
SQUARE-MATRIX-MULTIPLYJ%E,

2. —\RENSEaEE

HEEER, BMRR n A 208, FEMEEEDIRBANAIMEZFNFERE, SANFHEEER
2n/2 x nl2 8955,

A:<A“ A12>’ B:<Bll 312>’ C:<C“ Cu)
Ay Ap By, By Gy Cyp

BB AT S /9

<C11 C12> _ <A11 A12> . <Bn Blz>

Gy Cxp Ay Ap By, By
Cii=A; - B+ A - By
Cpp=A;-By+Ap- By

Gy = Ay - By + Ay - By
Cyp =Ay - Bip+ Ay - By

TR, FREMEMERT 28, FIBESR, BRIFHEERIM2, R n 7o RERIsRIRGE
X ESA n/2 MTSFEHISRERFNAN n/2 INARERIINE. IBSHE

o) n=1
T(n) = { 5
8T (n/2) + O(n*) n>1

MWTHRESANES, T(n) = O(°), FRBEXAFARREN FZEFHTEEEYN, REE
THESRRSELHE. UTARBERZIaFEAE:

SQUARE-MATRIX-MULTIPLY-RECURSIVE(A,B)
1 n=A.rows
2 let C be a new n X n matrix
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3if n==
4 ¢y =anby
5 else partition A,B and C as in equations (4.9)

6  C;; = SQUARE-MATRIX-MULTIPLY-RECURSIVE(A{, B;1)
+SQUARE-MATRIX-MULTIPLY-RECURSIVE(A 5, Bo)
7 Cj = SQUARE-MATRIX-MULTIPLY-RECURSIVE(A1, B;>)
+SQUARE-MATRIX-MULTIPLY-RECURSIVE(A1,, By,)
8  Cy = SQUARE-MATRIX-MULTIPLY-RECURSIVE(A,, Bi1)
+SQUARE-MATRIX-MULTIPLY-RECURSIVE(A5,, By;)
9 () = SQUARE-MATRIX-MULTIPLY-RECURSIVE(A1, B1)
+SQUARE-MATRIX-MULTIPLY-RECURSIVE(A5,, By))

10 return C

3. Strassen §iX

o HANRIR n 72 9T, BB EESORM4TKIEFITFERE, S0 FEFERE

n/2 X n/2 B958E,

A= <A11 A12>, B <B11
Ay Axp B,

o PAEEUEERI T 101 %E0E

S1 = Biz — B,
S3 = Ay + An,
Ss = Ay + A,
S7 = Ap — A,
S9 = A1 — Az

312> C=<C“ C12)
B Gy Cxp

Sy =A; +Ap
S4 = By — By
S¢ = B11 + B
Sg = By + B

S0 = B + By,

ERF AT 10 R n/2 X n/2 SERERIINRGE, B, ZEBEZE O(n*) ATAL

o ETSRBIFMITE 7 3R n/2 X n/2 FBFERIFEE:

Pr=Ay-S1=A1- B — A
P,=5,-Byp=A) - Bp+Ap-
P;=.53-Byy = Ay - Bjp + A -
Py= Ay -S4=A%n By —Apn-

Ps =S85-8¢=A1 B+ A -By+ Ay B+ Ay By
Ps=87-83=A1-By +Ap- By, — Ay - By — Ay - By

P; =589-50=A B + Ay
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1z B 1T (n/2) BB, BRARTF, REFE—FIEEENFETEN, AX—5RER
TRABIX LSRR SR In FAEFFRIR R,

o ERTRMEIER P B TINREEE:

Ch=P+P—DP + P
Ch=P+P
Cr =P+ Py
Co=P+P —P—-P

HRF#HIT8IR n/2 X n/2 FERERIINRSE, B, ZSEEE 0(n®) B,

e bR, HNBEZBR4NLEIRT Strassen BiX, BHEASZEN:

= {0 e
TTM2) +O>)  n> 1

MNMBESEHESE, T(n) = O(n'e7), StrassenEZHMAE 2R TEEAISQUARE-
MATRIX-MULTIPLYSH&,

Strassen&%Pythonf{i81: SCINKERERX
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In [7]:
1 import numpy as np
2 import math
3
4 def strassen algorithm(A, B, L1, L2):
5) n = int(L1[1]) = int(L1[0]) + 1
6 d = math. floor(n / 2 = 1) # the half length of matrix width/height minus
7 # if the matrix’s length is 1, then set whose value
8 = np. zeros((n, n))
9 if n <= 0:
10 return
11 if n == 1:
12 Cln - 1, n— 1] = A[L1[3], L1[0]] * B[L2[3], L2[0]]
13 else:
14 all = [L1[0], L1[0] + d, L1[2], L1[2] + d]
15 al2 = [int((L1[0] + L1[1] + 1) / 2), L1[1], L1[2], L1[2] + d]
16 a2l = [L1[0], L1[0] + d, int((L1[2] + L1[3] + 1) / 2), L1[3]]
17 a22 = [int((L1[0] + L1[1] + 1) / 2), L1[1], int((L1[3] + L1[2] + 1) /
18 b1l = [L2[0], L2[0] + d, L2[2], L2[2] + d]
19 b21 = [L2[0], L2[0] + d, int((L2[2] + L2[3] + 1) / 2), L2[3]]
20 b12 = [int((L2[0] + L2[1] + 1) / 2), L2[1], L2[2], L2[2] + d]
21 b22 = [int((L2[0] + L2[1] + 1) / 2), L2[1], int((L2[2] + L2[3] + 1) /
22
23 P1 = strassen algorithm(A, B, all, bl2) — strassen algorithm(A, B, all
24 P2 = strassen algorithm(A, B, all, b22) + strassen algorithm(A, B, al2
25 P3 = strassen algorithm(A, B, a2l, bll) + strassen algorithm(A, B, a22
26 P4 = strassen algorithm(A, B, a22, b21) - strassen algorithm(A, B, a22
27 P5 = strassen algorithm(A, B, all, bll) + strassen algorithm(A, B, all
28 strassen_algorithm(A, B, a22, bll) + strassen algorithm(A, B, a22
29 P6 = strassen algorithm(A, B, al2, b21) + strassen algorithm(A, B, al2
30 strassen_algorithm(A, B, a22, b21) — strassen algorithm(A, B, a22
31 P7 = strassen algorithm(A, B, all, bll) + strassen algorithm(A, B, all
32 strassen_algorithm(A, B, a2l, bll) — strassen algorithm(A, B, a2l
33
34 ClO0:d + 1, 0:d + 1] = P5 + P4 - P2 + P6
35 Cl0:d + 1, int(n / 2):int(n / 2 +d + 1)] = P1 + P2
36 Clint(n / 2):int(n / 2 +d + 1), 0:d + 1] = P3 + P4
37 Clint(n / 2):int(n / 2 +d + 1), int(nh / 2):int(n / 2 +d + 1)] = P5
38 return C
39
40 n =8
41 A = np. random. randint (0, 100, size=[n, n])
42 B = np. random. randint (0, 100, size=[n, n])
43

44 11 = [0, n—1, 0, n — 1]
45 1.2 =100, n—1, 0, n — 1]
46 ret = strassen algorithm(A, B, L1, L2)
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AT  # ret2 = np. dot (A, B)

A8  # print (ret2)

49

50 print(ret)

[[16022. 13965. 12515. 16861. 20177. 13328. 8132. 13178.
[18666. 21852. 14121. 18533. 23265. 19257. 10862. 12676.
[20290. 19674. 15689. 14594. 19916. 16158. 15040. 14293.
[17845. 12900. 12275. 16874. 13079. 11870. 7226. 9665.
[27941. 24177. 22977. 26368. 28560. 20476. 16144. 20524.
[26049. 24209. 22954. 23286. 27722. 21450. 17543. 18415.
[22792. 22226. 20373. 15806. 18506. 17114. 17157. 13008.
[22781. 24848. 17724. 19887. 25144. 17809. 17135. 18096.

Strassen&%Pythonf{i82: SCINKEREEX
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In

1
2
3
4
o
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

[6]:

import numpy as np
def dividell(a, n):
k=int (n/2)
all=[ [ [0] for i in range(0, k)]
for i in range(0, k) :
for j in range(0, k) :
alllil[j]=alillj]

return all

def dividel2(a,n):
k=int (n/2)
al2=[ [ [0] for i in range(0, k) ]
for i in range(0, k) :
for j in range(0, k) :
al2[il[jl=alil[j+k]
return al2

def divide2l(a,n):
k=int (n/2)
a21=[ [ [0] for i in range(0, k)]
for i in range(0, k) :
for j in range(0, k) :
a21[i][jl=ali+k][]]
return a2l

def divide22(a,n):
k=int (n/2)
a22=[ [ [0] for i in range(0, k)]
for i in range(0, k) :
for j in range(0, k) :
a22[i][j]=ali+k] [j+k]
return a22

def Merge(all, al2, a2l, a22,n):
k=1int (2%n)

for

for

for

for

a = [[[0] for i in range(0, k)] for j

for i in range(0,n):
for j in range(0,n):
alil[jl=allli][j]
ali][j+tn]=al2[i][j]
ali+n][jl=a21[i][j]
ali+n][j+n]=a22[i][]j]
return a

def Plus(a, b, n):

SLL PRSI 26 SR

range (0, k) 1 #2745 1 70 )%

range (0, k) ]

range (0, k) ]

range (0, k) ]

in range (0, k)]

c=[[[0] for i in range(0, n)] for j in range(0, n)]
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47
48
49
o0
o1
o2
o3
o4
95
o6
o7
o8
99
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

for i in range(0,n):
for j in range(0,n):
cliJljl=alil[j]+b[i][]]

return c¢

def Minus(a, b, n):
c=[[[0] for i in range(0, n)] for j in range(0, n)]
for i in range(0,n):
for j in range(0,n):
clillj]=alil[j]-bli][]]

return c¢

def Strassen(a, b, n):

k = n

if k == 2:
d = [[[0] for i in range(2)] for i in range(2)]
d[0][0] = al[0][0] * b[0]J[0] + al[0][1] * b[1][0]
d[0J[1] = al[0][0] * b[OJ[1] + al[0J[1] * b[1][1]
d[1][0] = al[1][0] * b[0]J[0] + al[1][1] * b[1][0]
d{1][1] = al1][0] * b[OJ[1] + al[1][1] * b[1][1]
return d

else:
all = dividell(a, n)
al2 = dividel2(a, n)
a2l = divide21(a, n)
a22 = divide22(a, n)
b1l = dividell(b, n)
b12 = dividel2(b, n)
b21 = divide21(b, n)
b22 = divide22(b, n)

= int(nh / 2)

ml = Strassen(all, Minus(b12, b22, k), k)
m2 = Strassen(Plus(all, al2, k), b22, k)
m3 = Strassen(Plus(a21, a22, k), bll, k)
m4 = Strassen(a22, Minus(b21, bll, k), k)
mb = Strassen(Plus(all, a22, k), Plus(bll, b22, k), k)
m6 = Strassen(Minus(al2, a22, k), Plus(b21, b22, k), k)
m7 = Strassen(Minus(all, a2l, k), Plus(bll, bl2, k), k)

cll = Plus Minus (Plus (mb5, m4, k), m2, k), m6, k)
cl2 = Plus(ml, m2, k)

c21 = Plus(m3, m4, k)

c22 = Minus Minus (Plus (m5, ml, k), m3, k), m7, k)
c = Merge(cll, cl2, c21, c22, k)

return c

a=np. array ([[1, 2, 3, 41, [5,6, 7,81, [4,3,2,1], [8,7,6,5]], dtype=int)
b=np. array ([ [1, 2, 3, 4], [5,6, 7,81, [4,3,2,1], [8,7,6,5]], dtype=int)
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95 print(Strassen(a, b, 4))
96 print (np. dot(a, b))

[[55, 51, 47, 43], [127, 123, 119, 115],
15, 119]]

[[ 55 51 47 43]

(127 123 119 115]

[ 35 39 43 47]

[107 111 115 119]1]

MY. kB

1 BRAZEREER

(1) BN HEFREC

(2) BIBNHIENIBITRE

fll: X BAXT,, = 2T (|n/2]) + nBILER

fR: BT, = O(nlgn), FIFEEEA98%
BT (|n/2]) < ¢ |n2] lg(|n/2]) sz

[35, 39, 43, 47],

T(n) <2c|n/2]1g(|n/2])+n < cnlg(n/2) + n

= cnlgn — cnlg2 + n < cnlgn (Hc>1)

BREH: T() =1, T2) =2, TB) =5

Bl >2TQ2) <c21g2BT@A3) < c31g3

b aFRYIE :

1. SRS
HIEN:T(n) = 2T(|n/2| + 17) + n
T (n) = O(nlgn)

2. SEUEUIREEAARIE TS, BiRVEEE

Bgn: T(n) = 2T (n/2)+ n
TRT(n) = Q(n)
ERT () = O(n?)
ST (n) = O(nlgn)

IR -

SARERIRZE—MERIT
Bl: T(n)=T(|n/2])+T(n2])+ 1
ot BUERAT (n) = O(n)
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BgT(|n/2]) < c|n/l2], BNERR
T(n) <c|n2|+c[n2]+1
=cn+1
(LEFI3g8EEER)

BoH: BWEEAT (n) < cn — b, FBEEZREHE
T(n) < (c|n2] =b)+ (c[n2] —b)+1
=cn—-2b+1<cn—>b, EDL>1)

EEORPEIRH -
TREERFRAMOICS
Ba: T(n) =2T(|n/2])+n
2T BUEAT (n) = O(n), BMERT (n) < cn
T(n) <c|n?2|+n
<cn+n
< O(n)
(FER! ) e BIEAT (n) = O(n),
EFEIEBET (n) < cn

EEER:

5. T(n) = 2T([\/ZJ) + Ign
. (FEESRm = IgnAlig
T2™) =2TQ2"%) + m
£S(m) =TQR"), EXZAS(m) =25m/2) + m
MTAE#EAS (m) = O(migm)
cT'(n) =TR") = S(m) = O(mlgm) = O(lgnlglgn)

FiEAtERKEIA30
Bl 6: KEBEFR T(n) = 3T(|n/4]) + cn?

2

log, n /|\ /|\ /|\

e’ [16° cn [16en |/ /167, n /16¢en [16cn /16, j1gcm /16~

/|\/|\/|\/|\/|\/|\/|\/|\/|\

T(l) T(l) T(l) T(I) T(l) T(I) T(l) T(l) T(l) T(l) T(l)

cn R

| \(
en’ llﬁ/cn’ /16 I F16-ee-

2
------ > CRH

------ > 3cn* 116

> 3%en’ /1167

______ % @(n10g4 3 )

T(n) = cn® Y2507 3/116)% + ©n'*s#) = O(n?)
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B 7: KEBEPAR T(n) = T(n/3) + T(2n/3) + cn?

S 0000 e A O sy

W cn/3 / \0211/3 I

log n 7N\ AN
cn/9 c¢2n/9 c2n/9 c4n/9----- >
l /N /\ /N /N

T(n) = O(cnlogs*n) = O(nlgn)

3. BEREKREIIN

EI24.1 (EEB) €a> 1, b> 1BEH, f(n2RE,
T'(n) RE X EAFREE ERNEBIFISE:

T'(n) = aT(n/b) + f(n)

XBn/bEFER | n|gk[n], WT(n)BSEMHRA:

1. EXIEESEe > 0, f(n) = O(n'*8"~¢), WT(n) = O(n'°8H)

2. & f(n) = O(n'°e07), MIT(n) = O(n'°8 - Ign)

3. EXEEHE > 0, f(n) = O(n/sr+e), R < 1
Baf(nlb) < cf(n), WT(n) = O(f(n))

2451588 -

1. T(n) = 9T (n/3) + n
. a=9, b=23, nlosr = p?

f(n) =n, WNFIT(n) = O(n?)

f5l2. T(n) = T(2n/3) + 1
fB:a=1, b=3/2, nlosr =1
f(m) =06(), T(n) = 06(gn)

3. T(n) = 3T(n/4) + nign
fR: a=23, b=4, plosr = plogad

f(n) = nign, \NmT(n) = O(nign)

Bl4. T(n) = 2T (n/2) + nign
fB:a=2, b=2, n'sr=np
f(n) = nlgn, FEEERAEEE,

SIHNGEE-
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[1] {PythonEUEEM SEIZDHT) AMER). KEFE, ARHELMRIL, 2019598.
[2] https://blog.csdn.net/zzz12122/article/details/53118822

[3] https://www.52poijie.cn/thread-740397-1-1.html (https://www.52p0ojie.cn/thread-740397-1-
1.html)
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