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A possible future for Python
1N the K-16 curriculum.



I TRENDS

I * CS In university
* PC revolution
* Cyberspace

* Open Source

* CS pre-college



Overview

*Assume CS pre college continues
making deeper inroads

‘Need to build math concepts, not
presume them

«“Math Objects” approach overlaps
traditional sequence, yet diverges

‘Python provides the glue



Expectations

e Computer Graphics
* Video and Music
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e Web

* Generic Productivity Applications

* Games



Mathematical Topics

* Data Structures
* Visual Display of Data
* Numeric and Algebraic Concepts

* Algorithms

* Cryptography




G Building Math Objects

Rational Number Object

Numbers with Modulo Arithmetic

Permutations
Polynomials, Graphs

Vectors, Matrices & Polyhedra

(33127750




I A Place to Start in Python

Triangular Numbers 1,3,6,10

def trinum(n):
return n*(n+1)/2

c & & B
>>> [trinum(i) for i in range(1,5)] s
[1r 3; 6; 10] Z Integer = 10
def cubocta(f):

return 10 * fP*2 + 2

>>> [cubocta(i) foriin range(1,5)]
[12, 42, 92, 162] ®

Cite:

The Book of Numbers by Conway and Guy
Synergetics by R. Buckminster Fuller

Sloane's On-Line Encyclopedia of Integer Sequences



An Intro to Math Objects

Use operator overloading as
class/object syntax, e.g. In a

a motivation to use
rational number type

Q: # gcd in module

>>>1. add (1)

g __Init_ (self, p, q):
thegcd = gcd(p.q)

>>> Q(1,3) + Q(1,2) >€
(5/6) >€
se

>>> Q(1,3) *Q(1,2)

f.p = p/thegcd
f.g = q/thegcd
f.Q =self. class

(1/6) __repr__(self):

“(%s/%s)"” % (self.p
self.q)



An Intro to Math Objects

Methods mirror algebraic definitions: subtraction and
division are 'syntactic sugar"

Q(qvl.Q): # v.2

>>> Q(1,3) - Q(1,2)

(-1/6) __add__ (self, other):

return self.Q(self.p * other.q
+ self.qg * other.p,

>>> Q(1,3) / Q(1,2) self.q * other.q)

(2/3)
__heg_ (self):
self.Q(-self.p,self.q)

__sub_ (self, other):
self + (- other)



An Intro to Math Objects

Methods mirror algebraic definitions: subtraction and
division are 'syntactic sugar"

Q(gv2.Q): # V.3

>>>h=1Q(6,10) mul (self, other):

>>>j=0Q(11,12) eturn self.Q(self.p * other.p,

self.q * other.q)

>>>h * |

(>1>1/>20~)h __invert_ (self):

(5/3) self.Q(self.q,self.p)
>>> j/h _ div__(self, other):

(55/36) self * (~ other)



Permutations

Now that operator overloading is in the picture, use it
to anchor more general concepts...

class P:
def init_(self, amap):

>>> pl = P({'A":'B','B":'C','C':'A'}) self.amap = amap
>>> pl self.P = self.__class
{IAI: IBI’ ICI: IAI’ IBI: ICI}

>>>p2 = P({/AVCLBYALVCYBY)  gef  getitem_ (self,k):
>>> pl['B'] — —
ICI

return self.amapl[k]

def _repr_(self):
return str(self.amap)



Permutations

Permutations may be multiplied, we have the concepts
of multiplicative identity, and multiplicative inverse.

>>>p3 =pl *p2
>>> p3

{IAI: IAI’ ICI: ICI’ IBI:

>>>pl

{IAI: IBI’ ICI: IAI’ IBI:

>>> ~pl

{IAI: ICI’ ICI: IBI’ IBI:

>>> p2

{IAI: ICI’ ICI: IBI’ IBI:

IBI}

ICI}
IAI}

IAI}

class P(pv1.P):
def _mul_ (self, other):
newmap = {}
for k in self.amap:
newmaplk] = other[self[k]]
return self.P(newmap)

def _invert (self):
return self.P(dict([(v,k)
for k,v in self.amap.items()]))



Permutations

Because we have multiplication, we have powering, and
a way to introduce properties of a Group.

>>> pl**0

{IAI: IAI, |C|: ICI, |B|: |B|} ClaSS P(pVZP)

>>> pl**(-1)

{'A':'C','C": 'B','B"'A'} def pow_ (self, exp):

>>> p4d=pl**(-1) result = self.P(self.amap)
>>> p4*pl

{'A" A" 'C': 'C B B IT exp <= 0: result = ~result
>>> pl*k2 I exp == 0: return self*result
{'A':'C', 'C":'B', 'B": 'A'} foriin range(l, abs(exp)):

>>> p2 result *= self

VAL CL'CL B, B TATY return result



Permutations

Again, “dividing by p” is just “multiplying by the
multiplicative inverse of p”

class P(pv3.P):

def div_ (self, other):
return self * ~other
A new version of __repr__ might implement “cyclic

notation” wherein a permutation is represented
as a set of disjoint cycles

>>> P({'A"'C','B"'A",'C"'B",'D":'"E",'E":'D"})
[("AY,'CL'BY), ('D''E')]



Some Lessons Learned

- Math objects need not be “numbers”

- Mathematics works with objects in an
extensible type system

» Multiplication is potentially polymorphic

» A concrete implementation provides a
foundation for exploring abstractions

+ Python adds value!



