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Data Type Values Operations
Color three 8-bit integers get red component, brighten [ NIEN ]
Picture 2D array of colors get/set color of pixel S o or
String sequence of characters length, substring, compare CATAGCGC
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(x,y)
« v . . . o e . .o
\\\\\‘r — \/(x — rx)Z + (y _ Ty)z [é-i ?-*j:J‘ )Lf )‘A.Q..o 9 O)O ulS.fO] -Lsﬂﬁp )‘J..Q.A M .ﬁo[&@ 4.99.@..?1,0 D

‘\@ API o
(rx' ry)
operation description
Charge(x0, y0, g0) 40,66 (X0, YO) @l 5w b 65 L >l
c.potentialAt(x, y) (X, YD) & 5 C b 65 il Juusly
str(c) ‘g at (rx, ry)’ w,ee ¢ C b5 jl i, Gl
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| class charge: s

def __init__(self, x0, y0, g0):

self._rx = x0

(x,y)
self._ry = y0 .
self._.qg =q0 \\\7‘ = \/(x —ry)2+ (y — ry)z
def potentialAt(self, x, y):
COULOMB = 8.99e09 @
dx = x - self._rx (rx,7y)
dy =y - self._ry
r = math.sqrt(dx * dx + dy * dy)
if r == 0.0: # avoid division by zero
if self._q >= 0.0: return float(‘inf’) Vo= k q
else: return float(‘-inf’) r
return COULOMB * self._q / r k =8.99 x 10° N.m?/C2

def _str__(self):

return ‘%s at (%s, %s)’ %(self._q, self._rx, self._ry) IRQA — (518 1ol saam — slosls glgil slay) — aoRl b (g el
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def main(Q):
x = float(sys.argv[l])
y = float(sys.argv[2])

c = Charge(.51, .63, 21.3) «— __init__ QO s Jlgls 5 python charge.py .5 .5
21.3 at (0.51, 0.63)
1468638248194 .164

print(c) — __str__Q s Jléls
print(c.potentialAt(x, y))

if _name__ == ‘_ _main__’:
main()
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def __init_ ( [seTF), [x0], [y0l, [q0] ) :
zlself._rx|= x0
gsﬁ?A€E£;>se1f._ry = yOpF— sy
“lself._q [= g0

Sz b Sy sl (gl el K JsHE 0

2osliin g5yl Cl
KA > C2

|_Charge(0.5}, .63, 21.3)
Charge(0.13, .94, 81.9)

sl
o) ) lw
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cl = Ccharge(0.51, 0.63, 21.3)
[cl.__init__(self, 0.51, 0.63, 21.3)]

self ||
XO '<0.51>
yO ||« >(0.63
q0 |[= >(21.3
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self._rx = x0

_X1x
self ||
XO >(0.51
yO ||« >(0.63
q0 |[= >(21.3
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self._ry = y0
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self._g = q0
_rx |«
_ry 4
self ||« —qls
X0 || e &0.51
yO ||« \§(0.63)
q0 |[« ~(21.3
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T =,

[return self]
cl = Ccharge(0.51, 0.63, 21.3)

_rx [« 0.51
c1| - _ry = 0.63
g L7 21.3
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def potentialAt( |self], | x| |y]|):
COULOMB = 8.99e09 . ..
< pl )b puiin

<

dx|=[x]|- self._rx
sl puin /

(/d,uh&u

o i

s :;::: dy|=y - self._ry
r_|=[math.sqrt(dx¥dx] + dy * dy)|—— @t <l sl

if r == 0.0:

return float(‘inf’)
cuify gy —> return COULOMB * self._q / r

S oolaiwl wie SO SlaB 8 gl alads Slae 5l oie SO SlgSl 8 O

v =|cl.potentialAt(x, Yy)
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— s Jlshl

1WA — 55) o0 samw — slasls glgdl slasl - PeL b g aslby



uépi import sys
Cﬂuj\\ import math

o

/(wa

class Chargéi

o ) lw
L [def _dnit_(self, x0, ¥0, q0):| <
Zﬁ)xzo_//,//?se1f._rx = X0 b @ gl
loie ——>s€1f.ry = y0 s
T —>self._qg =q0
U gaJ oy
def potentialAt( self, x, y ): —  Jeem
COULOMB = 8.99e09
dx = x - self._rx <« (sl pidia
s — dy =y - self._ry Ugal
r = math.sqrt(dx*dx + dy * dy)
if r == 0.0: return float(‘inf’)
return COULOMB * self._q / r
|def __str__(self): v

return ‘%s at (%s, %s)’ % (self._qg, self._rx, self._ry)

/

o
Sy oy
(o iy
str()
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%
9

more charges9.txt

.51 .63 -100
.50 .50 40
.50 .72 10
.33 .33 5
.20 .20 -10
.70 .70 10
.82 .72 20
.85 .23 30
.90 .12 -50

J.US du.wl?bo A?-‘g (’:’)ASS%)Q ‘)

% python potential.py < charges9. txt
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def readcharges(): % more charges9.txt
n = stdio.readInt() ?51 65 100
a = [None] * n .50 .50 40
for 1 1in range(n): .50 .72 10
X0 = stdio.readFloat() .33 .33 5
y0 = stdio.readFloat() '?8 '38 Iéo
q0 = stdio.readfFloat() 22 79 20
a[1] = Charge(x0, y0, q0) .85 .23 30
return a .90 .12 -50
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def tocColor(v):
v =128 + v / 2.0el0
if v < 0: t =0
elif v > 255: t = 255
else: t = int(v)
return Color(t, t, t)
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def mai n(Q: $ python potential.py < charges3.txt
SIZE = 517
Cc = readCharges()
pic = Picture(SIZE, SIZE)
for col in range(SIZE):
for row in range(SIZE):
X = 1.0 * col / SIZE
y = 1.0 * row / SIZE
v = 0.0
for c in a:
v += c.potentialAt(x, y)
pic.set(col, SIZE-1-row, toColor(v))
stddraw.setCanvasSize(SIZE, SIZE)
stddraw.picture(pic)
stddraw.show()
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def mai n(Q: $ python potential.py < charges9.txt
SIZE = 517
Cc = readCharges()
pic = Picture(SIZE, SIZE)
for col in range(SIZE):
for row in range(SIZE):
X = 1.0 * col / SIZE
y = 1.0 * row / SIZE
v = 0.0
for c in a:
v += c.potentialAt(x, y)
pic.set(col, SIZE-1-row, toColor(v))
stddraw.setCanvasSize(SIZE, SIZE)
stddraw.picture(pic)
stddraw.show()

1WA — 55) o0 samw — slasls glgdl slasl - PeL b g aslby



LG Ga8)5

] rg.».w).s ol g_i.* )‘ JTOJJ‘ Jd...o g_ia wugjy '.SJ od.:‘ O

position (x, y) (.5, .5) (.25, .75) (.22, .12)
orientation 90° 135° 10°
O
O
AN ©
Fel7 — 19K A
operation description
Turtle(x0, y0, a0) X om0 b aa,5 20 agl; 0 (X0, Y0) els 5 wa cuiv Y 5yl
t.turnLeft(delta) (caslo sloapie cagp SV ,5) o Uit @ @,y W) 6j10] 4
t.goForward(step) o s bs L g 9 s 4 STED &l 4
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def main(Q):

turtle = Turtle(0.0, 0.0, 0.0)
turtle.goForward(1.0)
turtle.turnLeft(120.0)
turtle.goForward(1.0)
turtle.turnLeft(120.0)
turtle.goForward(1.0)
turtle.turnLeft(120.0)
stddraw.show()
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def main(Q):
n = int(sys.argv[1l])
turtle = Turtle(0.5, 0.0, 180.0 / n)
step = math.sin(math.radians(180.0 / n))
stddraw.clear(stddraw.LIGHT_GRAY)

for i in range(n):
turtle.goForward(step)
turtle.turnLeft(360.0 / n)

stddraw.show()

% python turtle.py n
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class Turtle:

def _init__(self, x, y, angle):
self._x = x

self._y =y

self._angle = angle (xo + dcosa,y, + dsina)

/

def turnLeft(self, delta):

self._angle += delta d sin a
a
def goForward(self, step): //: :
old_x = self._x (x0,y,) @cosa

old_y = self._y
self._x += step * math.cos(math.radians(self._angle))

ata
”

self._y += step math.sin(math.radians(self._angle))

stddraw.line(old_x, old_y, self._x, self._y)
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n = int(sys.argv[1]) .
wraps = int(sys.argv[2]) % python spiral.py 3 1 1.0

decay float(sys.argv[3])

angle = 360.0 / n
step = math.sin(math.radians(angle / 2.0))
turtle = Turtle(0.5, 0.0, angle / 2.0)

stddraw.setPenRadius(0.0)
stddraw.clear(stddraw.LIGHT_GRAY)

for i in range(wraps * n):
step /= decay
turtle.goForward(step)
turtle.turnLeft(angle)

stddraw. show()
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n = int(sys.argv[1]) .
wraps = int(sys.argv[2]) 5 python spiral.py 3 10 1.2

decay float(sys.argv[3])

angle = 360.0 / n
step = math.sin(math.radians(angle/ 2.0))
turtle = Turtle(0.5, 0.0, angle/ 2.0)

stddraw.setPenRadius(0.0)
stddraw.clear(stddraw.LIGHT_GRAY) \§W

for i in range(wraps * n):
step /= decay
turtle.goForward(step)
turtle.turnLeft(angle)

stddraw. show()
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n = int(sys.argv[1]) _
wraps int(sys.argv[2]) % python spiral.py 1440 10 1.00004

decay float(sys.argv[3])

angle = 360.0 / n
step = math.sin(math.radians(angle/ 2.0))
turtle = Turtle(0.5, 0.0, angle/ 2.0)

stddraw.setPenRadius(0.0)
stddraw.clear(stddraw.LIGHT_GRAY)

for i in range(wraps * n):
step /= decay
turtle.goForward(step)
turtle.turnLeft(angle)

stddraw. show()
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n = int(sys.argv[1]) _
wraps int(sys.argv[2]) % python spiral.py 1440 10 1.0004

decay float(sys.argv[3])

angle = 360.0 / n
step = math.sin(math.radians(angle/ 2.0))
turtle = Turtle(0.5, 0.0, angle/ 2.0)

stddraw.setPenRadius(0.0)
stddraw.clear(stddraw.LIGHT_GRAY)

for i in range(wraps * n):
step /= decay
turtle.goForward(step)
turtle.turnLeft(angle)

stddraw. show()
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% python drunk.py 10000 0.01

stepCount = int(sys.argv[1])
stepSize = float(sys.argv[2])

stddraw.setPenRadius(0.0)
stddraw.clear(stddraw.LIGHT_GRAY)

t = Turtle(0.5, 0.5, 0.0)

for i in range(stepCount):
t.turnLeft(stdrandom.uniformfFloat(0.0, 360.0))
t.goForward(stepSize)
stddraw.show(0.0)

stddraw.show()
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operation special method description
complex(x, Yy) _init__(self, x, y) X + Y1 b v g hliia ype A 5layl
a.re() A asis Cowd
a.imQ) A (9290 o
a+b add__(self, other) b, a goem
a*b mul__(self, other) bsa wJus
abs(a) __abs__(self) a sl
str(a) __str__(self) X o+ Y1 w0 4@ lad, bl
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def main(Q):
a = Complex( 3.0, 4.0) $ python complex.py
b = Complex(-2.0, 3.0) a =23.0+ 4.01i
print(‘a ="~ % a) b =-2.0 + 3.01
prjntg‘b N |;°° b)/ b) a+b=1.0+ 7.04
rint(fa +b="%a+ L |
Erint(‘a b= %a*b) a *b=-18.0 + 1.01
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class Complex:

def __init__(self, re, im):
self._re = re

self._im = im

def re(self):

return self._re

def im(self):

return self._im

def __add__(self, other):
re = self._re + other._re
im = self._im + other._im
return Complex(re, im)

(5010) 100 sam — slasls glg3) slaal — 9ol b s aslby
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def _mul__(self, other):

re = self._re * other._re - self._im * other._im

im = self._re * other._im + self._im * other._re

return Complex(re, im)

def __eq__(self, other):

return (self._re == other._re) and (self._im == other._im)

def __ne__(self, other):

return not self.__eq__(other)

def __abs__(self, other):

return math.sqrt(self._re * self._re + self._im * self._im)

def _str__(self, other):

return str(self._re) + “ + “ + str(self._im) + ‘i’
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0)laie acqens

1—-

-/ 5,18 las acgosme 4 Zp Lalise sae bl g o dcgame O
' Zev1 = (20)* + 27y 1,150

-1s '0'-5 (0,005 el acgammo 4 Zg oK1 09l 1,515 2| 51D
T~ Sl 3l degosme 4 Zg oD yg0 (pl e 0 D
;

Yoot Z, N Zy

w 0 -1/2 + 01 > 0 1 4+ i

'\\% 1 -1/4 + 0i \*% 1 1+ 3

Q 2 -7/16 + 01 N 2 -7 + 71

§ 3 ~79/256 + 07 jé 3 1 - 971

S 4 ~26527/65536 + Oi V': 4 -9407 - 1931

% 5 -1443801919/4294967296 + Oi w5 88454401 + 36311031
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3,15 1,8 5 Jaie dcgeme 0 2 ST ity olyl s |z > 2 S1iciss> DO
318 18 g pdiaie acgerme 4o Z Yloiml oK1 (| zp55] < 2 5 iciisas O
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(0.5,1)

—0.6 +0.1i —

(-1.5,-1)
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def mandel(z0, Timit=255): 3,10 41,8 g, doce acgome 0 2 LT

z =20 (=9 o
for t in range(limit): ggsl¢ﬁ) . m
if abs(z) > 2.0: return t (4l Yzl olow m

z =z %z + z0

return 1imit

oS eolaiwl )L 6 oS melan 5l aan K Gl @ solis polay O
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MAX = 255

n = int(sys.argv[1l])

XC float(sys.argv[2])
yC float(sys.argv[3])
size = float(sys.argv[4])

pic = Picture(n, n)
for col in range(n):
for row in range(n):
X0 = xc - (size / 2) + (size * col / n)
y0 = yc - (size / 2) + (size * row / n)
z0 = Complex(x0, yO0)
gray = MAX - mandel(z0, MAX)
color = Color(gray, gray, gray)
pic.set(col, n-1-row, color)

stddraw.setCanvasSize(n, n)
stddraw.picture(pic)
stddraw.show() % python mandelbrot.py 512 -.5. 0 2
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MAX = 255

n = int(sys.argv[1])
xc = float(sys.argv[2])
yc = float(sys.argv[3])
size = float(sys.argv[4])
pic = Picture(n, n)
for col 1in range(n):

for row in range(n):

X0 = xc - (size / 2) + (size *
y0 = yc - (size / 2) + (size *

z0 = Complex(x0, yO0)
gray = MAX - mandel(z0, MAX)

color = Color(gray, gray, gray)

pic.set(col, n-1-row, color)

stddraw.setCanvasSize(n, n)
stddraw.picture(pic)
stddraw.show()

col / n)
row / n)

% python mandelbrot.py 512 .1045 -.637 .01
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% python mandelbrot.py -.5 0 2 % python mandelbrot.py .1045 -.637 .01
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% python Colormandelbrot.py -.5 0 2 < mandel.txt
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