DOobOobooooobooooDb20200b A0D0D0OO0OOO
(0000020200 10260040060000000001000000010000000000]

oooooooooooooooooooooooooooooooooooooooooo
oo0oooooobooooooooa

O00ita.array.makeld(n) D00 n00000 000000 ita.array.make2d(m, n) O
ndn0d000000O00O 2000000000000 O0O0O0O0O0OOOOOOOOOOOOOO
Jd00d0d0ita0000O0O0O0ODDODOODODOOOO0O0OOOOOO

o1

00o0000o0o0oo0oo0ooO001/300000200000000000000000D00O0O
000000000000 n00000000000000000000 cantor(m) 00000
U000 1000 cantor(2) OO0 cantor(3) U0 UIDOODOOODOODOODOOODOOO
0000oooo0o0ooo0ooooooO0o0ooOooOooooOoO0OO0 /300oo0ooooooo
Jddddo0d0oddooooooooooOooOoobOoOoOooOO0000d0ddd0o00o0o0ooooooDO
Jdddd1o0000000d00dooooooooo0oooooa

def cantor(n):

a = ita.array.makeld(3 ** n) izi.:_:-:‘
# 0000000 as

subcantor(a, n, 0)

return a _%é a B B E =B HE =B
def subcantor(a, level, x): 0 : 1 B o =
if level == O: O1. 0000000
alx] =1 # 0000000000
else:

subcantor(a, level - 1, x)
subcantor(a, level - 1, x + 2 * 3 xx (level - 1))

() 00000000000000000003x309000000000000000000
D000000000000000 carpet(n) 000000 a000000000000000
020 carpet(3) 00 000000000000 [A]~[C]00D00DDOOOOOOOOO

def carpet(n): 0

't k2d(3 3 ) H H B E E E E BB
a = ita.array.make ** n, ** n - - = I -
# 0000000000 5.!..!..!.
subcarpet(a, n, 0, 0) wim mm T
return a -.-.-.-
15..- H H BN
def subcarpet(a, level, y, x): s a mEEE®=E ==
if level == 0: T P
a[y][x]=1 # JO000O00O00oooO = I!I I!I I!I
else: 0 5 w15 2 5
subcarpet(a, level - 1, y, x) )
subcarpet(a, level - 1, vy, ) S bnhboaEnnnny
subcarpet(a, level - 1, y, x + 2 *x 3 *x (level - 1))
subcarpet(a, level - 1, y + 1 % 3 ** (level - 1), x)
subcarpet(a, level - 1, y + 1 * 3 **x (level - 1), B )
subcarpet(a, level - 1, y + 2 x 3 *x*x (level - 1), Cc D
subcarpet(a, level - 1, y + 2 * 3 **x (level - 1), x + 1 * 3 **x (level - 1))
subcarpet(a, level - 1, y + 2 * 3 **x (level - 1), x + 2 * 3 **x (level - 1))



(2) 00000 pascal(n) 0000000000000 00 30 pascal(3) 000000000
00000 [D|~[H|DODODDODODODOOOO0DO0O0000

def pascal(n):

a = ita.array.make2d(3 ** n, 3 ** n)

# 0000 0O0oOooon
subpascal(a, n, 0, 0)
return a

def subpascal(a, level, y, x):
if level == O:
alyllx] =1 # 0000
else:
subpascal(a, level -
subpascal(a, level -
subpascal(a, level -
subpascal(a, level -
subpascal(a, level -
subpascal(a, level -

-

-

b

b
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e =
+ + + + +
N DNDNEP =~
* X X X ¥
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b

N <Y<Y< <

Kok
Kok
Kk
Kok
Kok

03 0000ooa

(level - 1), D D
(level - 1), E D
(level - 1), F D
(level - 1), G D
(level - 1), H )

(3) 00000 gasket(n) 00000000 ODO0O0OOOOOODOODO 40 gasket(5) 00O
gboboboboooo II[]II[][][]D gbooooooooood

def gasket(n):
a = ita.array.make2d(2 ** n, 2 ** n)
# UO0O0ODOoOooga
subgasket(a, n, 0, 0)
return a

def subgasket(a, level, y, x):
if level ==
alyllxl] =1 # 0000
else:
subgasket(a, level - 1, y, x)
subgasket(a, level - 1, y + 1 % 2

subgasket(a, level - 1, y + 1 * 2 **x (level - 1), J D

g2

* %

20

5

30

U4 0000000000000

(level - 1), I )

xyUOoooooooooooboooobooboooobooboboooboboobo
Ug=98000y000000000000000OO0OO

(1) 00000 parabolicm step(y, x, vely, vel x, stride) 0000000 (x,y) 000
0 (velx,vel y)JO0OO0O0OO0Ostride00000000O0Ostride0100000000OOO
oooood [y, x, vely, velx]JO0O0ODODOOOOO0OO parabolic motion_steps(y, x,
vely, vel x, stride, steps) U OO 0O parabolicmstep O steps DO O DOODODO
[y, %, vely, velx] 000000 [A|~[F]OD0D0D0DO0O0OOODOOOO



def parabolic_m_step(y, x, vel_y, vel_x, stride):
g =9.8
X = x + vel_x * stride
y =y + vel_y * stride

vel_y = vel_y -

return [y, x, vel_y, vel_x]

def parabolic_motion_steps(y, x, vel_y, vel_x, stride, steps):
for i in range(O, steps):
cur = parabolic_m_step(] C \, ] D \, ] E \, ] F \, stride)
return cur

(2) parabolicmotion_steps(10, 10, 2, -1, 0.1 ** 17, 100000) OO0 0OO0O0OOOOOO
0 [10.0, 10.0, 2.0, -1]10000vel x00000 x0y0Ovel yOOOOOODOODOODO
goooooooooooo20b000000d

(3) 0 O parabolicmotion steps 0000000 DO0ODOOO0OOstride0 000000000
0000000000000000000000000y000000 strided steps00000
D00000000000000000000000000000000007T = stride X steps
000000 yOOOy+velyxT —3g7?0000

(400000000000 0O0000O0O000ODO00ODCOO0O0OODOO0OO0DODOOOODOD
O00mO 000002000 00matrix0 nO00000000O0Ovector0 000000
00 mMv(matrix, vector) D0 O00000O000O00O0OO0O0O0O0 mO0O result0000O

n—1
resultﬁ]::jz:matrixﬁﬂj]x vector|[j]
5=0

00 [G|~[I|D00D0DDOOOOOOOOOO

def mMv(matrix, vector):
result = ita.array.makeld(len(matrix))
for i in :
for j in :
result[i] =

return result

(5) 00 mMv 000000 parabolicmotion stepsmatrix 00000000000 OODOO
000 parabolicmotion steps 10000000000 [J|~[L|00D0OD

def parabolic_motion_steps_matrix(y, x, vel_y, vel_x, stride, steps):
g =9.8

vector =
matrix = [[1, O, stride, 0, 0],
[ K |,

[0, 0, 1, O, -stride],
(o, o, o, 1, ol,
[ L 1
for i in range(0, steps):
vector = mMv(matrix, vector)
return [vector[0], vector[1], vector[2], vector[3]]



(6) 00 ADODDADODDOOOODDOOOO Al=4000 A" =A4A"-A(n>1)000
00000000A% =(A)"000 A = (45" . A0000000000000000
mPn(matrix, n) 0000000000 matrix0On0 (n>1)00000000 [M|~[0]0D
0000000000000000000020020000000000000000000
002000000000 mMe0000000

def mPn(matrix, n):
if n ==
return matrix
m=mPn( M |,[ N D
ifn % 2 == 0:
return m
else:

return [ O]

(7) D0 000 parabolic motion steps matrix2[ 000 parabolic motion steps matrix[]
0000000 wPn0000000000][J]~[L|0000 parabolic motion steps matrix
0000000000 udn parabolicmotion stepsmatrix2 U steps U OO0OOON
ooboooooboooobooooooboboooon

def parabolic_motion_steps_matrix2(y, x, vel_y, vel_x, stride, steps):
g =9.8

vector =
matrix = [[1, O, stride, 0, O],
[ K |,

[0, 0, 1, 0, -stride],
[o, o, o, 1, o],
[ L
matrix = mPn(matrix, steps)
vector = mMv(matrix, vector)
return [vector[0], vector[1], vector[2], vector[3]]



