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Work for Week 2

Issed: Tuesday, Feb. 13
This handout contaims:

o Software Lab for Tuesday, February 13

¢ Pre-Lab exercises due Thursday, February 15 at 2PM; you should come and do them in lab on
Wodnesday, February 14.

e Robot Lab for Thursday, February 15 (read this before coming to Lab)

e Post-lab exercises due Thursdey Feb. 22, There is no lecture on Tuesday, Feb. 20 (MIT virtual
Monday).

Higher-order procedures; Behaviors and utility functions

This week's work mives vou practioce with hgher-order provedures, e, procedures that mampu-
late other procedures. Thesday’s lecture amd post-class lab cover Python’s support for functional
progrommaang, including kst comprebension. Wednesday's homework and Thorsday™s lab apply
higher-order procedures to the tasks of specifving robot beliamiors with the aid of aithiy funetions.

Tuesday Software Lab: Higher-order procedures

This sess1on prves you practice with Pyvthon's basie tools for functional programmang: hogher-order
procedures and hist comprehension.

A higher-order procedore s A procedure that takes takes procedures as mputs and/or retorns

procedures as results. The basic example we'll work with now is a procedure called plot which
takes a function £ as input and graphs it

Start by loading the file feb-13-class. py. It baging with the following code:

¥ import the graphing package from Soalt
import SoaR

from SoaR_Ttil GraphingWindow import GraphingWindow

# impport sine and cosine
import Numeric

from Numeric import sin
from Numeric import cos

# import the versiom of additiom for uwse with reduoce

import operator
from operator import add as add

# set wp a variable for the plotting window
plotWindow = Nome
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d plot a given functiom f
def plot(f):
global plotWindow
if plotWindow: plotWindow.close()
aax=10
zvals = [i/100. for i in range(D,int(xmax+100))]
yvale = [f(x) for x in zwale]
ymax = redoce(max, [ab=s(y) for y in ywals])
graphmax = 1.1 # ymarx
plotWindow = GraphingWindow(600, EO0, O, zmax, -grapbmax, graphmax, "Plot")
plotWindow. graphContinoows (f)
plotWindow helpIdle()

The plot procedurs opens a graphing window amd plots £ in the interval from 0 to 10, The sy:stem
then waiks (hangs) until you close the plotting window with the mouse.! Note that the input £ to
plot iz a procedore.

Question 1. What do you expect plot (lambda x: x) to produce? Try it and see.

Question 2. Make a plot of the sine function. Do you have to write plot (lambda x: =sin(x)})
or can you simply write plot(sin)? Try it and ses. Make sure to ask if the resnlt sn't
what vou expect.

Observe how plot uses list comprehension amnd reduce with max to compute the ranges for the axes.
If you've programmed before, vou probably expected that this would be done using some kind of

loop. One of the hallmarks of functional style 15 to use functions operating on sets of elements,
rather than writing explicit loops with for or while.

Mow let’s plot something more interesting  superpositions of sine waves of increasing: frequency:

1
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ot to more and more terms.

Let's call saw(n) the function whose value at x is the sum of the first n — 1 terms of this sequence.
Then we can compute sew as

def saw(n):
return lambda x: redoce (add,
[1.0/j * sin(j*x) for j in range(i,n}])

(This definition 15 included in the file you loaded.) Here saw s a procedure that takes noas mput
amd returns a function of =, which we can pass to plot. (Ohserve apgain how we've osed hst

comprehension aml reduce with add rather than write an exphot loop to sum the termme.

Question 3. Plot sawin) for varions values of n, starting with n — 2, which s just a sine wave

(do you see why?) up to large walues of n, like 100. It should become obwvious why we've
named the procedure sew.

"We'ne embarnessd aboul setling things up this way. IUs a khedge o gel arcund a bad interaction betwesn Lhe
Sual robot systemn am] Python's Ldbe edilor.
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As you'll learn later (in 18.03 and/or 6.003), any periodic function can be expressed as a Fourter
seres, e, A superposition of sines amnd cosines of the form

gy sinE + oz +azsn2e 4 bwoos2e 4 oo b apsinks 4+ by oos kx4 - -

Question 4. Define and plot the function squareWave(n) that prodoces partial sumes of the
Fourner expansion of a square wave:

SN T % SN A Tli sin HE 4 % SN TE 4 ===

Do this with list comprehension, using a constret of the form:
[<expression in j» for j in <range> if <condition>]

Question 5. Do the same thing for a tnangle wave, whose Fourier expansion s

ST+ =3t —owbc 4 —oamTs -0
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Mow let’s rewnte these programs using an “even more functional”™ style, similar to what you'll do
i lab this week.

The following procedure addf (included in the file you loaded) takes as inputs two functions [ and
g and returns a function whose value at any = is f(x) 4+ g(x):

def addf(f,g):
retorn lambda x: f(x)+g(x)

The important thing to observe is that the inputs to addf, as well as the remlt, are funciions, e,
addf transforms functions to functions.

similarly, we have scalef, which takes a function f and a smmber s and return the honction whosse
value at = s 5 % f{x), and expandf, which produces the function whose value at x s f(s x ).

Convines yourself that an equivalent way to write the saw procedure 15

def saw?(n):
return redoce {addf,
[scalef (expandf (sin,j),1.0/j) for j in range(l,n}])

amnd make some plots. The definitions of addf, scalef, expandf, and saw2 are inchwded mn the file
you loaded.

Question 6. Write similar definitions for square waves and triangle waves and check the results
by plotting them.

For the rest of this perid, play around with these procedures as you have time, doing things that
mterest vou. llere are some sdeas to try. You needn’t do all of them.



