Midterm 1 Practice

This is a collection of problems from past exams. Note that the first two were from the Spring
08 midterm, which was a three-hour take-home. This is much, much longer than our actual
exam will be. Problems 6 through 10 constitute the corresponding exam from Spring 09.

?éL‘lf dy TheF
Robot behavior

In the following, we would like our robot behavior to transduce a stream of sensor inputs (sonar
readings and poses, as before), to a stream of io.Action instances, specifying the forward and
angular velocities for the robot.

So, here is a brain that would use a behavior that you write in the following problem:

def setup():
robot.behavior = yourSMHere

robot.behavior.start() 6[11\.(& 0]06‘(\_ ML WAL Il (9 0

def step(): ‘f' Ik 6‘ A b
robot.behavior.step(io.SensorInput()).execute() j\ Wﬂh f (4({ e J— Nf‘ﬂJ()

1. (10 points) Define a class TurnSmoothly, which is a subclass of SM. It should use a propor- -
tional controller to rotate until its odometry heading is thetaDesired. "_,T_ éka/[({

2. (10 points) Build a linear difference equation model of the robot’s controller and of the world. ’b P:,Lf q[(
Assume that there is one unit of delay in the dependence between the robot’s angular velocity
and its pose angle, and that there is one unit of delay in setting the desired angular velocity. V"V £ ) J )
You may do this algebraically by hand, or by using the SystemFunction software, but either
way, your answer should be a difference equation, and you should show how you found it.

3. (10 points) Find a gain or gains for your controller that cause the system in your model above
to converge monotonically to a heading of thetaDesired. Assume that T (the length of a
delay) is 0.2. Explain how you found the gain. (You may do this algebraically by hand, or by
using the SystemFunction software.)

4. (5 points) What is the effect on the stability of your controller of increasing the value of T.
Explain your answer. Does it match what you might expect intuitively?

5. (7 points) This problem may take more time than the others; leave it until the end.

Now, imagine that instead of giving angular velocity commands to the robot, we can only give
angular acceleration commands. We'll consider controllers for this problem that are analogous
to the “proportionalPlusDelay” controller (with gains K; and K3).

Define a function that creates a SystemFunction model of the robot’s controller and of the
world. Assume that there is one unit of delay in the dependence between the robot’s angular
velocity and its pose angle, and a one unit of delay in the dependence between the robot’s
angular acceleration and its angular velocity.
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Use Python to search the range of values of each K between -10 and 10. If K = 0, are there
values of K; for which the controller is stable? If K; = 0, are there values of K> for which the
controller is stable? Are there combined values of K; and K5 that make the controller stable.
In each case, indicate the best gains that you found.

Weighted objective

Preliminary material

The following material was in a tutor problem from last term: A priority queue is a kind of data
structure that you can add elements to in any order, but which gives you an operation that allows
you to take out the smallest one. We'll assume that the elements being added are numbers, and
the ordering is less than.

Create a class, called PriorityQueue that implements the priority queue abstract data type. It
should have three methods: __init__, which initializes the priority queue, insert, which takes
a number and adds it to the priority queue, and extract, which takes the smallest element out
of the priority queue and returns it.

There are all kinds of fancy algorithms for doing these operations efficiently; you need not use
them here. For example, you might just store the elements in a list. You can use the Python list
operations append, remove, and min. Assuming that items is a list,

e items.append(x) adds element x to the end of the list, and returns None

e items.remove(x) removes the first occurrence of element x in the list, and returns None; it
generates an error if x isn’t in the list.

e min(items) returns the smallest element in the list

There can be multiple copies of a single value in the PQ. In such cases, you should remove each
one separately. So, for instance, here’s a test interaction your object should support:

Pq = PriorityQueue()
pq.insert (10)
pPq.insert(8)
pq.insert(10)
pq.insert(20)
pa.extract()

VvV 0OV V V V VYV

pq-extract()
10

> pg.extract()
10
>pq.insert (30)
>pq.extract()
20
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Main questions

In this problem, we are going to make a data structure similar to a priority queue (which we
saw in tutor problem described above), but with a special method for selecting the element to
be removed. We'll call it a WOPQ (weighted-objective priority queue). We can think of it as an
abstract data type with the following operations:

e Make a new WOPQ, and store features, which is a list of functions, each of which takes an
element as input and returns a number, and weights, which is a list of positive numbers that
sum to 1, of the same length as features

e Insert an element to the WOPQ

e Extract the best element from the WOPQ and return it after deleting it from WOPQ. An ele-
ment x is the best element if its priority

p(x) =) filx)-wi ,

where f; is the ith function in features and wj is the ith weight in weights, is greater than
or equal to the priorities of all other elements in the WOPQ

A WOPQ shouldn’t assume anything about the elements it will hold.

Here is a concrete example of a WOPQ:

e The elements will be lists of numbers
e The features are sum and len

e The weights are 0.6 and 0.4

In this case, if a = [1, 2, 3], then sum(a) = 6 and len(a) = 3. So its priority p(a) =
0.6 * 6 + 0.4 *x 3 =4.8. For another list, b = [1, 1, 1, 1, 1], then sum(b) = 5 and
len(b) = 5. Soits priority p(b) = 0.6 * 5 + 0.4 * 5 = 5. If our WOPQ contained both a
and b, and we did an extract operation, then element b would be deleted and returned.

But in other instances of WOPPQs, the elements might be system functions and the features related
to the poles, or the elements might be records describing bank accounts and the features related
to balances and interest rates.

Here is the skeleton of a WOPQ class:

class WOPQ:
def __init__(self, features, weights):
self.features = features
self.weights = weights
self.elements = []

def insert(self, x):
self.elements.append (x)
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def extract(self):
# your code here

1. (10 points) Write a Python procedure argmax that takes two arguments: the first is a list of
elements, and the second is a function from elements to numerical values. It should return the
element of the list with the highest numerical score.

2. (5 points) Let’s make a WOPQ with fish. Here’s the Fish class, and some fishy instances:

class Fish:
def __init__(self, length, width):
self.fishLength = length
self.fishWidth = width

def length(self):

return self.fishLength
def width(self):

return self.fishWidth

Lee = Fish(12, 200)
Evelyn = Fish(30, 40)
Sydney = Fish(60, 23)

Provide a Python statement that would construct a WOPQ that measures fish so that the priority
of a fish is 0.9 times its length plus 0.1 times its width.

3. (10 points) Write the extract method of the WOPQ class, which finds the element with the
highest score, removes it from the list of elements, and returns it. Use argmax. Remember
that if x is a list, then x . remove (5) will remove the first occurrence of 5 from x (but it doesn’t
return a value).

4. (5 points) Letting wopq be the WOPQ you constructed in the previous question, imagine that
the following operations have been conducted on it:

wopq.insert (Lee)
wopq.insert (Evelyn)
wopq.insert (Sydney)

Now, what would be the result of executing
wopq.extract()

Explain which element was selected for extraction and why.

5. (10 points) After all that work, you discover that someone has already written a FPQ class,
whose initialization method takes a function priorityFun as an argument, and whenever
the extract method is called, it extracts the item with the highest value of that function.

That is, we have:
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class FPQ:
def __init__(self, priorityFun):
self.priorityFun = priorityFun
<etc>

Provide an implementation of the WOPQ class that uses inheritance to take advantage of the
existing FPQ class.

6. (10 points) This problem may take more time than the others; leave it until the end.

Now, suppose you are given a list of candidate features, which are, as above, procedures that
map an element into a number. We’d like to select a subset of these features, to use later in our
WOPQ. Write a procedure selectFeatures that takes as input

— alist of candidate features
— anumber n (which less than the number of features in the list of candidate features)
— alist of elements in our domain (to which the features may be applied)

Define the range of a feature f on the list of elements E to be mélgc f(x)— TI‘lé.EL f(x). (That is, the
x x

maximum value of the feature on all of the examples minus the minimum value of the feature
on all of the examples). Your procedure should return a list of n of the given features for which
the range on the given set of elements is the largest.

Note that, to sort a list of items according to some function of their values, you can use the
sorted function. The example below sorts a list of numbers according to the squares of their
values:

>>> foo = [1, 2, -30, -20, 3, 90, -27]
>>> sorted(foo, key = lambda x: x * x)
[1, 2, 3, -20, -27, -30, 90]

You can put any function of a single argument in as the key parameter to sorted. It is most
straightforward to use and understand if the values output by the key function are numbers.
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More OOP

You are told that we have a class A, with one initialization argument, with a method £ that takes
one argument and returns a number.

>>> x = A(2)
>>> x.£(3)
9

Define a class B that is a subclass of class A. Class B has the same initialization as A and a method £
that returns twice whatever value the f method of A would return. You don’t need to know what
the code for A is.

e et g(ﬂ)
i Qe € (iny)
In the Tank (6 points) (ot A (W‘P) ) 2

Imagine a cylindrical water tank with a source of water entering the bottom of the tank and a
sensor to measure the depth of the water. The source of water can be adjusted so that water enters
(or exits) the tank at a desired rate. In addition to this controlled source of water, there is also a
leak in the tank, through which water flows regardless of the controlled flow. The diameter of the
tank is such that one inch in depth is one gallon of water. The following variables characterize
this problem:

e d[t] is the depth, in inches, of the water in the tank at time t.

e Vv[t]is the volume of water that flows through the controlled source of water in the time interval
[t,t+1].

e 0[t] is the volume of water that leaks from the tank in the time interval [t, t + 1]. Assume o[t]
is proportional to d[t], with a proportionality constant of 0.1

e g[t] is the desired (goal) depth of water (in inches) in the tank at time t
e s[t] is the sensed depth (in inches) of water in the tank at time t; assume the sensor introduces

it of delay, so that s[t] = d[t —1
one unit of delay, so that s[t] [ ] I\e UJQ hp/./['ft}i N/ 0/ W{'HE ea"L F‘ﬂ(*

a. Write a difference equation that describes the depth of water in the tank (d[-]) in terms of the

flow through the controlled source (v[]). -

b. Write a difference equation describing a proportional controller that specifies v[-] as a function
of sensed depth s[-] and desired depth g[-]. Let ot represent the constant of proportionality.

da < yleel)om darl]= Lt 7sul ol
et - 6l g ofp-a4rn
] d[ V) ‘]3 &%b\ T;&f«gi:gﬁﬂf)ﬁ*?]ﬁtl{ﬂIVU
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5 Linear Systems (20 points) ? ”\mL Qbm
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*Notice that there is a minus sign associated with the bottom input of each adder. This denotes

that the input is subtracted (as if k were negative).

\
\

Ql@s nd - awlvq{

Part a. Several systems are illustrated below The left column shows block dlagrams The right
column shows system functions and pole locations for k = —0.9. Indicate which panel on the
right (if any) corresponds to each panel on the left by drawing a stralght line from A, B, C, and/or
D to its partner. [Your answer should include 4 or fewer straight lines.]
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Python and OOP (20 points)

Part a. What does this program print? Write your answers in the boxes provided.

class NN:
def __init__(self):
self.n = 0
def get(self):
self.n += 1
return str(self.n)
def reset(self):
self.n =0
class NS(NN):
def get(self, s):
return s + NN.get(self)
foo = NSQ)
print foo.get(’a’)

[aﬂ, J

print foo.get(’b’)

T

foo.reset()
print foo.get(’c’) }

¢ J




5 Lupar Golom
——/é{’/ @Jm% Corgef

YY1 <Rl )

7 ;
J0r9) T R on 1oy @LMC

\/(”R) = L Yes
Y g3
Fo R
IR K O3+ ]
gaﬂ\@\ﬁ_‘ |

X 7 NG,
W y[n- x[ol] y[n’}]

>\ =) oM Jo@s N
W C \jy Wb lacs not

I)\'\ | J x 9 v Aghia| R
&/ " hotd b be (N
Thiak mﬂefﬂs - Cone. here

\/[“] = X[n-1] ¢ hy[wj
6T = xn17 » \Lgh,q



C L7 Bwt] +¥eLw]
Cld = X[n2] + 1§ Jna] ¢ k (g
VoD = (a7 kY [al]
A < wfn-37s B3] W ELC[D) v 1w

d = 5 Rg I fconfsrd o J+Cs

HKOWI(EW(

BWfﬂ;{M(\ C< BR ¢ keh  Y=Chrynp
B-M}Q o C-}cp = BA N =R = CR
B . wo < _ 4
2~ e < _ AN AN
; Bk Yoo R

(1-kA) : Q“L«(@ ¢ -kh
Caside - H
Wm/ﬁf T is a,(u/é% & form
Thet worlps
ﬁ/— ( b =%
Kﬂg% %:i,gﬂ_,_ﬁ_; QB
EEN (-1 ——
(I\ij(al.ﬂr

UEITRAEN BT



PU) gl B -k #2187 v - kPR
2R3 %gl/\?ﬁi}-g\fﬂ +)

(lose  saly 6[(34 Rrrol§

= lnhy 0/0@3 odch D paly wih
,

vt L4 polly
l'/ZPw ({o \/()J Jo ‘h{d}/‘

VinZ= YRZ =yl gk
>’+yM3 ¢

% m&? @

L
lﬁ) C[ﬁf{} 40250

Coun, -

Jﬂ“‘l‘a “b C‘O’f@ as '1Lo }/\QW
% do lottors




0c haow Letd bach subtradt fﬂfj
k¢ -@’"% 7

s -

Y=
BRA (L) + KR (E ) Ay
TV T b b b b o g

Vou coa ter i B Veuly=Jd how to dy

And Fer:\wn\w m&t[«s fgfmv}{f
it s reml design ol



Midterm 1 Practice — Fall 09 10

Part b. Write a Python expression that uses optOverLine to find the maximum of x> — 6 for x in
the range —10 to 10. Test 200 x values in that range.

Here is the documentation for optOverLine:
optOverLine(objective, xmin, xmax, numXsteps, compare=<built-in function 1t>)

Parameters:

e objective: a function that takes a single number as an argument and returns a value

e compare: a function from two values (of the type returned by objective) to a Boolean; should
return True if the first argument is preferred and False otherwise.

Returns: a pair, (objective(x), x), where x is one of the numeric values achieved by starting
at xmin and taking numXsteps equal-sized steps up to xmax; the particular value of x returned is
the one for which objective (x) is best, according to the compare operator.

[ A

—{ale hort g ‘gm
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SystemFunction Class (20 points)

Consider two system functionals:

Y R*4+R
H] e
X R+3
and
Y R34R2
Hs =i
X R243R

Part a. Determine the corresponding difference equations.
Difference equation corresponding to Hj:

Coy(Re3) < r2x e RX |
YT syle ) 4y n"l]“(["‘l:{' )

Difference equation corresponding to Hy:

[ R2Y¥tJly = xRS px°
| \{Iﬂ-)‘?f*vhn‘l‘;_ﬁ_&ﬁ)_* x[n-1) )

Briefly describe the implications of these difference equations for similarities and differences be-
tween the two systems.

0L sumt

L J

Part b. The numerators and denominators of H; and H; contain factors of R:

Y R+R Rx(R+1)

Hi e = =
=X~ R®+3 R+3

Y R4R RxRx (R+1)

H === =
27X T RTH3R T Rx(R+3)

If we cancel one R factor from the numerator and denominator of H, th@.

what T sald
-l nyt iNrtW \/o (‘wlé U 1“1" e ﬂﬂ{)f
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Write a Python function called ReducedSystemFunction, which

e takes an input inp of type SystemFunction,

e cancels all factors of R that are common to the numerator and denominator of inp, and
e returns the result as a new object of type SystemFunction.

ReducedSystemFunction should not modify inp. Some relevant software documentation fol-

lows the box. You can assume that we have already import sf and poly.
i~

def ReducedSystemFunction(inp): ‘\mm - ‘ILOI/Bh @f\(/
“loek gt (gt dngen postin -1 0

- M by b Al (g ol
" Cpeat Cf(’,(/lréhfe {) Fl Jagt dedan hooe'ﬂ{'oa =0

.

Attributes of SystemFunction Class:

__init__(self, numPoly, denomPoly)

poles(self) returns a list of the poles of the system
poleMagnitudes(self) returns a list of the magnitudes of the poles of the system
dominantPole(self) returns the pole with the largest magnitude
__add__(self, other)

numerator Polynomial in R representing the numerator
denominator Polynomial in R representing the denominator

Attributes of Polynomial Class:

__init__(self, coeffs)

add(pl, p2) returns a new polynomial, which is sum

__add__(p1, p2)

__sub__(p1, p2)

scalarMult(self, s) returns a new polynomial, with coefs multiplied by s
mul (p1, p2) returns a new polynomial equal to the product
__mul__(p1, p2)

val(self, x) returns value of polynomial with variable assigned to x
roots(self) return list of roots

coeffs list of polynomial coefficients, highest order first

order polynomial order; one less than number of coeffs
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Inheritance and State Machines (20 points)

Recall that we have defined a Python class sm. SM to represent state machines. Here we consider
a special type of state machine, whose states are always integers that start at 0 and increment by
1 on each transition. We can represent this new type of state machines as a Python subclass of
sm. SM called CountingStateMachine.

We wish to use the CountingStateMachine class to define new subclasses that each provide a
single new method getOutput (self, state, inp) which returns just the output for that state

and input; the CountingStateMachine will take care of managing and incrementing the state,
so its subclasses don’t have to worry about it. —

Here is an example of a subclass of CountingStateMachine.

class CountMod5(CountingStateMachine): { v { /
def getOutput(self, state, inp): ! gg Q\/«f a"/e t

return state % 5

Instances of CountMod5 generate output sequences of the form 0, 1, 2, 3, 4, 0, 1, 2, 3,
R o T—

Part a. Define the CountingStateMachine class. Since CountingStateMachine is a subclass
of sm.SM, you will have to provide definitions of the startState instance variable and get-
NextValues method, just as we have done for other state machines. You can assume that every
subclass of CountingStateMachine will provide an appropriate getOutput method.

~

class CountingStateMachine(sm.SM):

S

Ve 69\1 revabe ( 6{2[1(/ 5“}@10/ trnp)
(etun sfw}ef)/ datet |
fI‘ -~
Stake Oju}pbl
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Part b. Define a subclass of CountingStateMachine called AlternateZeros. Instances of
AlternateZeros should be state machines for which, on even steps, the output is the same as
the input, and on odd steps, the output is 0. That is, given inputs, iy, 11,12, 13, ..., they generate
outputs, ip,0,12,0,....

~

class AlternateZeros(CountingStateMachine) :

gt o vale 5Bl tote, iy

£ otaeh 1<)
cotn fh state t 1, g

£
“Qf etun  glate + , 0
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Signals and Systems (20 points)

Let H represent a system whose input is a signal X and whose output is a signal Y. The system H
is defined by the following difference equations:

yml =x[n] +z[n]
zin) =ymn—1]+znh 1]

Part a. Which of the following systems are valid representations of H? (Remember that there can
be multiple “equivalent” representations for a system.)

r ™

X —(+ ‘:@—»Y

‘—“b’ equivalent to H (yes/no)?

X —(+

L@‘J 1—@4—-‘ L equivalent to H (yes/no)?

N

AN

U UL

L )
- =
X —(+ Y
t DR}
equivalent to H (yes/no)?
4 5
¥ —p——D—Rl ¥
LR ] equivalent to H (yes/no)?
e o,

Part b. Assume that the system starts “at rest” and that the input signal X is the unit sample
signal. Determine y[3].

N

AN

Part c. Let p, represent the dominant pole of H. Determine p,.

Enter po or none if there are no poles:
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Robot behavior éa?/{ Q? f!flfj 09 |
' « Thie 210 heao

class TBTurnSmoothly(SM):
def getNextValues(self, state, inp):
currentTheta = inp.odometry.theta
return (state,
io.Action(rvel = self.rotationalGain * (thetaDesired -
currentTheta),
fvel = 0))

2. The difference equations are:

O =0Mm-1+TAQM-1]

Q] =K(Ogesm — 1] -0Mm —1])
The operator version is:

(1-R)©® =TRQ

Q =KR(Oges —O)
Combining we get:

1 — RO + KTR?O = KTR?*Oges
We accepted a number of variations.

3. The system function is:

®  KTg?
Oaecs  1—RO+KIR?

Substitute R = 1/z in the denominator polynomial and we get:
22 —z+KT

The roots of this polynomial are the poles:

1+ 1 —4KT
2

Note that for K = 0, one of the poles is 1.0. For K < 0, one of the poles is always greater than
1.0. This makes sense since for K < 0, the feedback increases the error.
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For T = 0.2, for K = 5, we have a pole of magnitude 1.0 and they get bigger with bigger gain.
The range of stable Kis 0 < K < 5

In general, when 4KT > T we have complex poles. For monotonic convergence we need real
poles, so we want:

0<K<=1/(4T)
Note that when K = 1/(4T), we have the lowest magnitude pole, the pole approaches 1 as K
decreases towards 0, so:
For T = 0.2, the best value of K is 1.25, which leads to a pole of 1/2.

4. The analysis above shows that when T increases the range of stable gains decreases. Basi-
cally the effective gain is KT. As the T increases we need smaller and smaller gains to keep
monotonic convergence. The result is very sluggish performance.

Oml=0m—-11+TQMNM —1]
Q] =0n—-1]+T=Zn —1]
Zn] =KiEM] + K2En—1]
En| = Ogesn] — O]
where = is the acceleration. So, basically, the velocity is the integrated acceleration and the

position is the integrated velocity. And, the acceleration is given by the gains times the position
errors.

def robot(kl, k2):
dt = 0.2
control = sf.SystemFunction(poly.Polynomial([k2, ki]),
poly.Polynomial([1]))

vel = sf.SystemFunction(poly.Polynomial([T, 0]),
poly.Polynomial([-1, 1]))

pos = sf.SystemFunction(poly.Polynomial([T, 0]),
poly.Polynomial([-1, 11))

rob = sf.FeedbackSubtract(sf.Cascade(control,

sf.Cascade(vel, pos)))
return abs(rob.dominantPole())

Depending on the resolution of the search, one gets very different answers.

optOverGrid(robot, -10, 10, -10, 10, 1, 1)

(0.99999999999999956, (1, -1))

optDverGrid(robot, -10, 10, -10, 10, 0.5, 0.5)
(0.84617988641100905, (2.5, -2.0))

optOverGrid(robot, -10, 10, -10, 10, 0.25, 0.25)
(0.74999999999999933, (1.75, -1.5))

OthverGrid(robot, -10, 10, -10, 10, 0.1, 0.1)
(0.68863445766586584, (1.4999999999999816, -1.3000000000000189))
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2 Weighted Objective

1.
There are many ways of writing this. Here are a few.
def argmax(elements, f):
bestScore = None
bestElement = None
for e in elements:
score = f(e)
if bestScore == None or score > bestScore:
bestScore = score
bestElement = e
return bestElement
def argmax(elements, f):
bestElement = elements [0]
for e in elements:
if f(e) > f(bestElement):
bestElement = e
return bestElement
def argmax(elements, f):
vals = [f(e) for e in elements]
return elements([vals.index(max(vals))]
def argmax(elements, f):
return max(elements, key=f])
2.
Here are a couple that work:
WOPQ([Fish.length, Fish.width], [0.9, 0.1])
WOPQ([lambda x: x.length(), lambda x: x.width()], [0.9, 0.1])
3.
def extract(self):
def priority(e):
return sum([wxf(e) for (w,f) in zip(self.weights,self.features)])
best = argmax(self.elements, priority)
self.elements.remove (best)
return best
4,

wopq.extract() = Sydney

Sydney is the longest fish and the priority weights heavily favor length.
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5.

class WOPQ(FPQ):
def __init__(self, features, weights):
def priority(e):
return sum([w*f(e) for (w,f) in zip(weights,features)])
FPQ.__init__(self, priority)

That’s it... the other methods are provided by the FPQ class.

def featureRange(feature, elements):
vals = [feature(e) for e in elements]
return max(vals) - min(vals)

def selectFeatures(features, n, elements):
return sorted(features, key = featureRange)[-n : ]

3 More Oop

You are told that we have a class A, with one initialization argument, with a method £ that takes
one argument and returns a number.

>>> x = A(2)
>>> x.f(3)
9

Define a class B that is a subclass of class A. Class B has the same initialization as A and a method £
that returns twice whatever value the f method of A would return. You don’t need to know what
the code for A is.

>>> x = B(2)
>>> x.£(3)
18

Ve

class B(A):
def f(self, x):
return A.f(self, x)*2

2 points for correct answer (no __init__, passing self)

1 point for minor error
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In the Tank

Imagine a cylindrical water tank with a source of water entering the bottom of the tank and a
sensor to measure the depth of the water. The source of water can be adjusted so that water enters
(or exits) the tank at a desired rate. In addition to this controlled source of water, there is also a
leak in the tank, through which water flows regardless of the controlled flow. The diameter of the
tank is such that one inch in depth is one gallon of water. The following variables characterize
this problem:

e d[t] is the depth, in inches, of the water in the tank at time t.

e v[t]is the volume of water that flows through the controlled source of water in the time interval
[t,t+1].

e 0[t] is the volume of water that leaks from the tank in the time interval [t,t + 1]. Assume o[t]
is proportional to d[t], with a proportionality constant of 0.1

e g[t] is the desired (goal) depth of water (in inches) in the tank at time t
e s[t] is the sensed depth (in inches) of water in the tank at time t; assume the sensor introduces

one unit of delay, so that s[t] = d[t — 1] '

a. Write a difference equation that describes the depth of water in the tank (d[-]) in terms of the

flow through the controlled source (v[-]).
i

dlt + 1] = dit] + v[t] — of[tl
o[t] = 0.1d[t]

dlt + 1] —0.94[t] = v[t]

.

3 points if correct
2 points if expression contains o [t} but otherwise correct

b. Write a difference equation describing a proportional controller that specifies v[-] as a function
of sensed depth s[-] and desired depth g[]. Let « represent the constant of proportionality.

v[t] = o(g[t] —s(t])

3 points if correct
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5 Linear Systems (20 points)

Part a. Several systems are illustrated below. The left column shows block diagrams. The right
column shows system functions and pole locations for k = 0.9. Indicate which panel on the right
(if any) corresponds to each panel on the left by drawing a straight line from A, B, C, and/or D to
its partner. [Your answer should include 4 or fewer straight lines.|

X —’®_"@_"@ J

Y
o 4

¥ R
X KR3+ERZ+EkR+1
poles: 1.72; —0.41 & 0.593

E

- >
kl—

Eal
A

o Y 1

X*:I— X T kR3+1
poles: —0.48 £0.845; 0.96

B F

C

poles: —0.48 +£0.845; 0.96

G

RS

x =@ [mR v F .
= X BRI+ 3ZRZ+ 3R +1
poles: 0.9; 0.9; 0.9

D H

A — E — 43 points if correct
B — G — +3 points if correct
C —H — +3 points if correct

D — nowhere — -2 points if correct
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Python and OOP (20 points)

Part a. What does this program print? Write your answers in the boxes provided.

class NN:
def __init__(self):
self.n = 0
def get(self):
self.n += 1
return str(self.n)
def reset(self):
self.n = 0
class NS(NN):
def get(self, s):
return s + NN.get(self)
foo = NSQ)
print foo.get(’a’)

E

print foo.get(’b’)

E

foo.reset()
print foo.get(’c’)

L
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Part b. Write a Python expression that uses optOverLine to find the maximum of x> — 6 for x in
the range —10 to 10. Test 200 x values in that range.

Here is the documentation for optOverLine:
optOverLine(objective, xmin, xmax, numXsteps, compare=<built-in function 1t>)

Parameters:

e objective: a function that takes a single number as an argument and returns a value

e compare: a function from two values (of the type returned by objective) to a Boolean; should
return True if the first argument is preferred and False otherwise.

Returns: a pair, (objective(x), x), where x is one of the numeric values achieved by starting
at xmin and taking numXsteps equal-sized steps up to xmax; the particular value of x returned is
the one for which objective(x) is best, according to the compare operator.

s

return optOverLine(lambda x: x**3 - 6, -10, 10, 200, operator.gt)[0]
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SystemFunction Class (20 points)
Consider two system functionals:
2
o YRR
X R+3

and

Y R34+R?

o = e e
27X T RZ3R

Part a. Determine the corresponding difference equations.

Difference equation corresponding to Hj:

10

y[n] = —%y[n —1] + %x[ —1] + %x[n —2]

Difference equation corresponding to Hz:

yln—1] = —%y[n —2] + %x[n — 2]+ %x[n —3]

S

Briefly describe the implications of these difference equations for similarities and differences be-

tween the two systems.

~
H; is equivalent to H; with an extra pole and an extra zero, both at z = 0. Because these
poles cancel, the systems will give identical responses to identical inputs; to see this, sub-
stitute n — 1 for n in the first equation. (Note: as an example of such a pair of systems,
imagine two identical state machines being fed the same input, but one gets the input one
time step later than the other. Clearly both generate the same output for a given input, but
in the second one both the input and output are delayed by one time step.)

.

i

Part b. The numerators and denominators of H; and H; contain factors of R:

H__Y_RLHKﬁRxm+U
LT T 43 RS

_I_R3+ZRZ#£R><SR><(IR+1]
T X R24+3R Rx(R+3)

Hz

If we cancel one R factor from the numerator and denominator of H;, then H> = Hj.
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Write a Python function called ReducedSystemFunction, which

e takes an input inp of type SystemFunction,

e cancels all factors of R that are common to the numerator and denominator of inp, and
e returns the result as a new object of type SystemFunction.

ReducedSystemFunction should not modify inp. Some relevant software documentation fol-

lows the box. You can assume that we have already import sf and poly.
s ~

def ReducedSystemFunction(inp):
nums= inp.numerator.coeffs[:]
den= inp.denominator.coeffs[:]
while num[-1] == 0 and den[-1] == 0:
num.pop()
den.pop()
return sf.SystemFunction(poly.Polynomial (num),
poly.Polynomial(den))

Attributes of SystemFunction Class:

__init__(self, numPoly, denomPoly)

poles(self) returns a list of the poles of the system
poleMagnitudes(self) returns a list of the magnitudes of the poles of the system
dominantPole(self) returns the pole with the largest magnitude
__add__(self, other)

numerator Polynomial in R representing the numerator
denominator Polynomial in R representing the denominator

Attributes of Polynomial Class:

__init__(self, coeffs)

add(pl, p2) returns a new polynomial, which is sum

__add__(p1, p2)

__sub__{(p1, p2)

scalarMult(self, s) returns a new polynomial, with coefs multiplied by s
mul (pl, p2) returns a new polynomial equal to the product
__mul__(p1, p2)

val(self, x) returns value of polynomial with variable assigned to x
roots(self) return list of roots

coeffs list of polynomial coefficients, highest order first

order polynomial order; one less than number of coeffs
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Inheritance and State Machines (20 points)

Recall that we have defined a Python class sm. SM to represent state machines. Here we consider
a special type of state machine, whose states are always integers that start at 0 and increment by

1 on each transition. We can represent this new type of state machines as a Python subclass of
sm.SM called CountingStateMachine.

We wish to use the CountingStateMachine class to define new subclasses that each provide a
single new method getOutput (self, state, inp) which returns just the output for that state
and input; the CountingStateMachine will take care of managing and incrementing the state,
s0 its subclasses don’t have to worry about it.

Here is an example of a subclass of CountingStateMachine.

class CountMod5(CountingStateMachine):
def getOutput(self, state, inp):
return state % 5

Instances of CountMod5 generate output sequences of the form0, 1, 2, 3, 4, 0, 1, 2, 3,
4, 0, .o

Part a. Define the CountingStateMachine class. Since CountingStateMachine is a subclass
of sm.SM, you will have to provide definitions of the startState instance variable and get-
NextValues method, just as we have done for other state machines. You can assume that every

subclass of CountingStateMachine will provide an appropriate getOutput method.
s R

class CountingStateMachine(sm.SM):
def __init_ (self):
self.startState= 0
def getNextState(self, state, inp):
return(state + 1, self.getOutput(state, inp))
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Part b. Define a subclass of CountingStateMachine called AlternateZeros. Instances of
AlternateZeros should be state machines for which, on even steps, the output is the same as

the input, and on odd steps, the output is 0. That is, given inputs, ip,11,12,13, ..., they generate
outputs, ip,0,12,0,....

N
( class AlternateZeros(CountingStateMachine):
def getOutput(self, state, inp):
if not state % 2:
return inp
return 0
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Signals and Systems (20 points)

Let H represent a system whose input is a signal X and whose output is a signal Y. The system H
is defined by the following difference equations:

yn] =x[n] + z[n]
zn] =ym—1]+znh —1]

Part a. Which of the following systems are valid representations of H? (Remember that there can
be multiple “equivalent” representations for a system.)

i ™
X —b@ =®—> Y
T—@«— equivalent to H (yes/no)?
\ =<
X —(+ »(+) > Y
J <_| equivalent to H (yes/no)? NO
q y
X ——P@ >V
5 AR} YES
equivalent to H (yes/no)?
. /
b =
X ———O—R>O—vY
(R | equivalent to H (yes/no)?

s

Part b. Assume that the system starts “at rest” and that the input signal X is the unit sample
signal. Determine y([3].

o)

Part c. Let p, represent the dominant pole of H. Determine po.

Enter po or none if there are no poles: ‘L 2
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Name: Section:

Enter all answers in the boxes provided.

During the exam you may:

e read any paper that you want to

e use a laptop, but only to READ course material
You may not

e search the web generally
e run Idle or Python
o talk, chat or email or otherwise converse with another person

e lse a music player

Because of this midterm, we will not have software labs this week. Instead, we will provide
lectures on control systems during your software lab time slot:

section 1 October 6 11:00am 26-100
section 2 October 6 2pm 34-101
For staff use:

1. /10

2. /20

3. /20

4. /10

5. /20

6. /20

total: /100
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OOP (10 points)

The following definitions have been entered into the Python shell:

class F:
x =0
y = 10
def __init__(self, y):
gelf.x = y

def al(self, y):
self.x = max(self.x, y)
return self.x

def a2(self):
self .x = max(self.x, self.y)
return self.x

class G(F):

def b(self):

self.y = self.x * self.x

return self.y C)L/¢rhﬂ¥

Write the values of the following expressions (enter None when there is no value; write Error
when an error results and explain briefly why it's an error). Assume these expressions are evalu-
ated one after the other (in each column).

EzFEw / } fc% 700 g inlt Mﬂw’@ ’nj;/@
(n§

[.a 7 Y | E_G(;/)\/m v, } x= g
E'a”? J ] fai<5>§ / W e
£.b() .50 //

[ Ermf A suoh pofhord J [ 25 o J\/:ZE
£.420 g fhiaking -\wr lo 1 )

[ L) v } [ 16 v ‘




'0\\ weld
g O

5T}
bng ot
gi

——

]ﬂ\ &@Qtﬁgm (9@1/1 q/ }ggfq X, U*‘*M@}J%/ OW"
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Signals (20 points)

Given a signal x, we want to construct a signal y such that:

yln] = asx[n-1] + (1-a)*x[n-2] 0\1[:1-—)] { ((’C{))\‘n-z

for0<a<.
orVvss ax ]@ u(- _,(jee Jocg
Part a. Define a Signal*subclass that represents this signal, given an instance of the Signal class

representing x and the value of a. Construct the new signal, given a signal instance x, and a
variable a, as follows:

Do not use any of the existing Signal subclasses, such as Rn or PolyR.
p

y = MySig(x, a) ‘[dt‘ ]‘: has @0{/{3 ‘fﬁ 010 f’}%/,

P / T i -
class MySig(sig.Signal): J V/ Z {'l' é‘g’d(cl (

Sbtract fvale(a ~2) y g q[ X, vl 4L
or 50#@“\\/\3 e fwdt
~ oV (eﬁfe, on ]((ZbL

Zelt . "@\QXJQMP\EU“” ¥
o Ty

( [ ~self, cxjo o SplE.X Samle (4 12)

A\

A

Part b. Given a signal instance x, and a variable a, write an expression involving sig.PolyR that
constructs an equivalent signal. To construct a polynomial use poly.Polynomial.

[ gy, Prly &( poly, ,Polvnomiam”\/ O, O] %} j

ft\( - A lﬂ{!‘m)

oal« (/P {&2

( cdn Yo dr thal ‘
que
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Part c. Write a Python procedure settleTime that is given:

e s:aninstance of the Signal class;

e m: an integer, representing the max index to look at;

e bounds: a tuple of two values (1o, hi).

It returns an integer or None. The integer corresponds to the smallest sample index (w) such that

the sample at index w and all the samples from w up to m are between 1o and hi (less than or equal
to hi and greater or equal to 10). It returns None if no such sample exists.

-
def settleTime(s, m, bounds):
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Difference Equations (10 points)
Newton's law of cooling states that:

The change in an object’s temperature from one time step to the next is proportional to the dif-
ference (on the earlier step) between the temperature of the object and the temperature of the
environment, as well as to the length of the time step.

Let

o[n] be temperature of object

s[n] be temperature of environment
e T be the duration of a time step
e K be the constant of proportionality

Part a. Write a difference equation for Newton'’s law of cooling. Be sure the signs are such that
the temperature of the object will eventually equilibrate with that of the environment.

on] =

Part b. Write the system function corresponding to this equation (show your work):
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State Machines (20 points)

Write a state machine whose inputs are the characters of a string of “words” separated by spaces.
For each input character, the machine should:

e output the string *x” if the character is within a word, or
e if the input character is a space, then
— output the most recent word if the most recent word is a number (all numerical digits), or

— output None if the most recent input word is empty or contains any non-digits.

Assume there is never more than one consecutive space. For example:

>>>x = vl 11 1v ’
>>> FindNumbers() .transduce(x)
[None, *x’, ’x’, Nome, °’x’, ’x?, *11*, ?x?, *x’, None]

Do not add any instance attributes to the state machines.

If foo is a single-character or multi-character string, the Python method foo.isdigit () returns

True if there is at least one character in foo and all of the characters in foo are all digits.
#

~
class FindNumbers(sm.SM):
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5 Signals and Systems (20 points)

Consider the following system:

X —»@_—»b—»@lﬁj R — Y

Part a. Write the system function:

Part b.

Letk; =1 and k; = —2. Assume that the system starts “at rest” (all signals are zero) and that the
input signal X is the unit sample signal. Determine y[0] through y/(3].

r ™
ylo] =
yll] =

' ™
yl2] =
yl3l =

. J

Part c. Let ky = 1 and k2 = —2, determine the poles of H.

Enter poles or none if there are no poles: [ }
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Part d. For each of the systems below indicate whether the system is equivalent to this one:
(Remember that there can be multiple “equivalent” representations for a system.) If you write
clearly the system function for these systems, we may be able to give you partial credit.

X (> R ()| k >Y
D>

R je—

Equivalent to H (yes/no)? D

R [

Equivalent to H (yes/no)? Q
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X—»[}—»@_—»l}»RT»Y

R

Equivalent to H (yes/no)? D

X*@*@*@”—r’y

i R
Equivalent to H (yes/no)? D
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6 System Behaviors (20 points)

Part a. Find the poles for the following system functions:

1

Hi(R) =1 — R+ 0.5R2

12

1
T 1—04R —0.05R2

H2(R)

PoIes:[
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Consider the following poles:

[-1.0, -0.5]

[(0.375+0.330j), (0.375-0.330j)]
[(0.05+0.2343), (0.05-0.234j)]
[1.2, -0.5]

>>> Hl.poles()
>>> H2.poles()
>>> H3.poles()
>>> H4.poles()

wonowon

Part b. Deleted
Part c. Which (if any) of the poles lead to the following unit sample response?

<

Circle all correct answers(s): H; H; Hz Hg none

13
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Part d. Which (if any) of the poles lead to the following unit sample response?

L

,,.<.;?1TIW]

Circle all correct answers(s): H;y H2 Hz Hy none

Part e. Which (if any) of the poles lead to convergent unit-sample responses?

Circle all correct answers(s): H; Hz Hs Hsg none
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OOP (10 points)
The following definitions have been entered into the Python shell:
class F:
x=0
y = 10
def __init__(self, y):
self.x =y

def al(self, y):
self.x = max(self.x, y)
return self.x

def a2(self):
self.x = max(self.x, self.y)
return self.x

class G(F):

def b(self):
self.y = self.x * self.x
return self.y

Write the values of the following expressions (enter None when there is no value; write Error
when an error results and explain briefly why it’s an error). Assume these expressions are evalu-

ated one after the other (in each column).

f = F(5) g =GO

[ None } Error: needs argument
f.a1(7) g = G(3)

{ 7 } ( None

£.a1(3) g.a1(5)

£.60) g.b0

[ Error: no such method J (25

f.a20) g.a2(0)

[-10 } { 25
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Signals (20 points)

Given a signal x, we want to construct a signal y such that:
y[n] = a*x[n-1] + (1-a)#*x[n-2]

for0<a<l.

Part a. Define a Signal subclass that represents this signal, given an instance of the Signal class
representing x and the value of a. Construct the new signal, given a signal instance x, and a
variable a, as follows:

y = MySig(x, a)

Do not use any of the existing Signal subclasses, such as Rn or PolyR.
- N

class MySig(sig.Signal):
def __init__ (self, x, a):

self.x=x
self.a=a
def sample(self, n):

return self.a*self.x.sample(n-1) + (1-self.a)*self.x.sample(n-2)

A )

Part b. Given a signal instance x, and a variable a, write an expression involving sig.PolyR that
constructs an equivalent signal. To construct a polynomial use poly.Polynomial.

[ sig.PolyR(x, poly.Polynomial([1-a, a, 0])) J




Midterm 1 — Fall 09 4

Part c. Write a Python procedure settleTime that is given:

e s:an instance of the Signal class;
e m: an integer, representing the max index to look at;

e bounds: a tuple of two values (1o, hi).

It returns an integer or None. The integer corresponds to the smallest sample index (w) such that
the sample at index w and all the samples from w up to m are between 1o and hi (less than or equal
to hi and greater or equal to 1o). It returns None if no such sample exists.
C )
def settleTime(s, m, bounds):
(lo,hi)=bounds
def inBounds(x):
return x>=lo and x<=hi
w=0

for i in range(m):
if not inBounds(s.sample(i)):
w =i+l
if w == m: return None
else: return w
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State Machines (20 points)

Write a state machine whose inputs are the characters of a string of “words” separated by spaces.
For each input character, the machine should:

e output the string *x’ if the character is within a word, or
e if the input character is a space, then
— output the most recent word if the most recent word is a number (all numerical digits), or

— output None if the most recent input word is empty or contains any non-digits.

Assume there is never more than one consecutive space. For example:

>>> x = vl 11 1v ?
>>> FindNumbers() .transduce(x)
[None, ’x’, ’x’, None, ’x’, ’x’, ’11’, ’x’, ’x’, None]

Do not add any instance attributes to the state machines.

If foo is a single-character or multi-character string, the Python method foo.isdigit () returns

True if there is at least one character in foo and all of the characters in foo are all digits.
' & ™

class FindNumbers(sm.SM):
startState =""
def getNextValues(self, state, inp):
ifinp==""
if state.isdigit():
return (", state)
else:
return (", None)
else:
return (state+inp, 'x’)
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Difference Equations (10 points)
Newton's law of cooling states that:

The change in an object’s temperature from one time step to the next is proportional to the dif-
ference (on the earlier step) between the temperature of the object and the temperature of the
environment, as well as to the length of the time step.

Let

o[n] be temperature of object

s[n] be temperature of environment
e T be the duration of a time step
e Kbe the constant of proportionality

Part a. Write a difference equation for Newton’s law of cooling. Be sure the signs are such that
the temperature of the object will eventually equilibrate with that of the environment.

om]=om—-1]+TK(sh—1] —omn—1])

Part b. Write the system function corresponding to this equation (show your work):

0] KTR

H=s=7-a—xnr
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5 Signals and Systems (20 points)

Consider the following system:

X —»@—»W—»ET@—» R > Y

Part a. Write the system function:

. kikaR
X 1+k2R2(1 + k1)

Part b.

Letk; = 1 and k; = —2. Assume that the system starts “at rest” (all signals are zero) and that the
input signal X is the unit sample signal. Determine y[0] through y[3].

yloj=| ©

- |
ylii]=| 2
y2=| °

» ,
yltl=| 8

Part c. Let k1 = 1 and k; = —2, determine the poles of H.

Enter poles or none if there are no poles: [ 2,-2 J
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Part d. For each of the systems below indicate whether the system is equivalent to this one:
(Remember that there can be multiple “equivalent” representations for a system.) If you write
clearly the system function for these systems, we may be able to give you partial credit.

X»@—» R—»@—»k > Y
e

R e—

Equivalent to H (yes/no)?

H —

Equivalent to H (yes/no)?
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10

X Boe @ B

f—@k

TY

e

Equivalent to H (yes/no)?

Do P

R

> Y

S

Equivalent to H (yes/no)?
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6 System Behaviors (20 points)
Part a. Find the poles for the following system functions:

1

K] = 1— R+ 0.5R2

12

Polesi 0-5%0.5)

1

H2(R) = TR —o.05%2

Po]eszt 0.5, —0.1
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Consider the following poles:

>>> Hl.poles()
>>> H2.poles()
>>> H3.poles()
>>> H4.poles()

[-1.0, -0.5]

[€0.375+0.330j), (0.375-0.330j)]
[(0.05+0.2343), (0.05-0.234j)]
[1.2, -0.5]

Part b. Deleted

Part c. Which (if any) of the poles lead to the following unit sample response?

Circle all correct answers(s): H Hz H; none

13
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Part d. Which (if any) of the poles lead to the following unit sample response?

o

Circle all correct answers(s): H; Hz Hs none

Part e. Which (if any) of the poles lead to convergent unit-sample responses?

Circle all correct answers(s):  H; Hs none
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6.01 Midterm 1 : Spring 2010

Name:

Section:

Enter all answers in the boxes provided.

During the exam you may:

e read any paper that you want to

e use a calculator

You may not

e use a computer, phone or music player

For staff use:
1. /10
2. /20
3 /15
4. /8
5. /10
6. /12
7 /25
total: /100
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OOP (10 points)

The following definitions have been entered into a Python shell:

class A: e

yours = 0

def __init__(self, inp):
self.yours = inp

def give(self, amt):
self.yours = self.yours + amt
return self.yours

def howmuch(self):
return (A.yours, self.yours)

class B(A):
yours = 0
def give(self, amt):

r
S = BSEEEL amtécormc\ «O\\ bt ﬁ.’.

return A.howmuch(self)

self.yours = self.yours - amt
return self.yours
def howmuch(self):

def take(self, amt): T6qys wlql((,h Y[’J u‘;(

return (B.yours, A.yours, self.yours) kf?'«‘fe ,”C O’V}P‘/} /f'

Write the values of the following expressions. Write None when there is no value; write Error
when an error results and explain briefly why it’s an error. Assume that these expressions are
evaluated one after another (all of the left column first, then right column).

-—-——__\-._'_

QQ"{ test = A(5)

test = B(5)

e

\eul =5 [ Mo 7

test.take(2)

C B o0 Mg Boas.,

i It [
test.take(2) | Cd/{‘l‘(?fs 9‘79 ewﬂ@?/ {q/'} /

[ E(Fof %

C ez 49 o

test.give(6)

W /(S T /7 i
test.give(6) \/p_\ g% péef ](/@"' M’}[/

N

(G 16 (03 )

test.howmuch() \ test.howmuch() . ~ \
5=
AErtoer ) [ Wy e (5705
F L 74

'r’(CIv\ LY \lo ‘thf/:

Yt b all wdgan of cluss”
or [0, 1)

(6,0,9)
{'F&']L 240 PC Lo
play +f



60P vxglacaton

U ke yous
H_cj[‘,é“ amovng gl et

Can (all b diecth

| !

Frlf*‘ B VeKS

\A/LM N/ feow&(g/t A pdoe D
A Ja@ g O Ne (71'0 J—
PL i



[
L G0 - |
Cotcock winyg, b Thlg U \w/ (J’czg/‘m)

~ lindg d{@, " M7 head
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The Best and the Brightest (20 points)

Here are some class definitions, meant to represent a collection of students making up the student

body of a prestigious university.

class S
def

tudent:

__init__(self, name, iq, salary, height):

self .name = name
self.iq = iq
self.salary = salary
self .height = height

class StudentBody:

def

def

def

def

__init__(self):
self.students = []

addStudent (self, student):
self.students.append(student)
nameOfSmartest (self) :

# code will go here

funOfBest (self, fun, feature):

# code will go here

v

2 sapucit

The StudentBody class is missing the code for two methods:

Clusses

e name0fSmartest: returns the name attribute of the student with the highest 1Q

e funOfBest: takes a procedure fun and a procedure feature as input, and returns the result
of applying procedure fun to the student for whom the procedure feature yields the highest
value

For the first two problems below, assume that these methods have been implemented.

Here is

a student body:

jody = Student(’Jody’, 100, 100000, 80)
Student (’Chris’, 150, 40000, 62)

chris =
dana =
aardvar
aardvar
aardvar.
aardvar.

Student (’Dana’, 120, 2000, 70)

kU = StudentBody()

kU.addStudent (jody)
kU.addStudent (chris)
kU.addStudent (dana)
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1. What is the result of evaluating aardvarkU.nameOfSmartest ()?
v
(e Y )
2. Write a Python expression that will compute the name of the person who has the greatest
value of IQ + height in aardvarkU (not just for the example student body above). You can

defi ea on rocedyres if you,need them.
Can &g arlp edyres if youn

Cor 00 {Of‘ X ﬁ(ﬁa ot E[ : 5{-"‘59’5 s ILN{ dd bv/ a[jmgu(,
aud ha Y
e n( (Yohoght + xTQ) 7 (wuj)
e G Jafa% ()]: X nam
6ort Of eI~ x hognt + ¥ IQ
or\m
€ | b L rekn /aasff{)? )
’\DOP o 3. Implement the pame0fSmartygst method. For full credit, use util.argmax (defined below)
\J\ xk\lb\q or the funOfBe%m\%ﬂ\T -~ Soe QL |
(IN§ ‘Y/ 4 f 1 is a list of items and f is a procedure that maps an item into a numeric score, then J
= \»}( &o til.argmax(l, f) returns the element of 1 that has the highest score.
(PD(P, Cpf" - \L

(i ol A1 ma)c(dﬂ(dvaf\aq ﬁut\%‘ba Ffb‘c\%@_ﬂ;fﬁa Ny

56{ Aot Lo hol format
(t wank

lnda <) 5 T

(qul MJ i hae boen
| lamds, 5! Kalg b X heigh
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4. Implement the fun0fBest method. For full credit, use util.argmax.

cefvm ) J('tl‘argmax (59(6:6“949}/ {qu?//(),) o

L oddoat 3y o] nplemabing 4 potod
“Ned to by,

~ b S Ty juot et v to coturn

Hﬂﬂ‘[ Mtgl’ﬂ' l\awtl ‘LCC(JJM h“j

L

Repeated from the start of the problem:

class Student:
def __init__(self, name, iq, salary, height):
self.name = name
self.iq = iq
self.salary = salary
self.height = height

class StudentBody:

def __init__(self):
self.students = []

def addStudent(self, student):
self.student.append(student)

def deleteStudent(self, student):
self.students.remove (student)

def nameOfSmartest(self):
pass

def funOfBest(self, fun, feature):
pass

Here is a student body:

jody = Student(’Jody’, 100, 100000, 80)
chris = Student(’Chris’, 150, 40000, 62)
dana = Student(’Dana’, 120, 2000, 70)
aardvarkU = StudentBody ()
aardvarkU.addStudent (jody)
aardvarkU.addStudent (chris)
aardvarkU.addStudent (dana)
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3 SM to DE (15 Points)
Here is the definition of a class of state machines: 6 ’nw l i M b(‘ q &b 10

class Thing(SM): 1 '
startState = [0, 0, 0, 0] fo £ix [’hts

def getNextValues(self, state, inp):
result = state[0] * 2 + state[2] * 3
newState = [state[1], result, state[3], inp]
return (newState, result) b

Dokl T od yvf
1. What is the result of evaluating

Thing().transduce([1, 2, 0, 1, 31)

2,0,3,¢¢] ©
T g

2. The state machine above describes the behavior of an LTI system starting at rest. Write a
difference equation that describes the same system as the state machine. 'idgk o0ng

Y LV‘) < y[n-"lj r b [WZR @gll\ﬂﬂ

[

A State

| % Lo, O/OJ O/[U,O,I’Z] 3,, [3,@0,}]
eslt = § = atpd cesd} <8 (oo
new sl o, 0, 0,4)

ot \ 10,3,
A LY R I KA

, L
> Lovar] I I PV

_ (€5u”:0

Lo,6,4,9)

I\OFE ﬂd Was yev e

[3/(“10/4] Soppistd Yo oo
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Diagnosis (8 points)

What, if anything, is wrong with each of the following state machine definitions? The syntax is
correct (that is, they are all legal Python programs), so that is not a problem. Write a phrase or a
single sentence if something is wrong or “nothing” if nothing is wrong.

1.
class M1(SM):
startState = 0
def getNextValues(self, state, inp):
return inp + state
Only FQ{‘um\r\g A pdqu/‘iW 3 (ke
No Ot)r‘w‘/
2

class M2(SM):
startState = 0
def getNextValues(self, state, inp):
return (inp+state, (state, state))

f\(gfurnfmﬂ A JJ?\\t(CLf( ’I[‘/P[?,
Can 1+ be addyd’ “No v

phs cant fo changd
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class M3(SM):
def __init__(self):
self.startState = [1, 2, 3]
def getNextValues(self, state, inp):
state.append(inp)
result = sum(state) / float(len(state))
return (result, state)

LA
Flipeed
m T4 wold work bt it s Wgof@f’(ﬂ

oot —he—

i

T dud g Wl quotr gl § cal

class M4(SM):
startState = -1
def __init__(self, v): l \
self.value = v ‘) ,1 i{{\ é :
def getNextValues(self, state, inp): J m 03 (
if state > inp: \

self.value = self.value + state - mDJLf!‘e/S §0ﬁ‘6ﬁ“(‘@ (N qe{?/V{K%(/QKW

result = self.value * 2

return (state, result) V‘*lﬂ\t(/b'k ‘lé /\O'IL V"Lﬂ{' .t Wi}

%“ U‘} \
**'h(t\{:a n‘iﬂh pot- alegt v

Nl
(s Specikic QM&@\A‘

(e Sptie



B TWV LQ ?J(e/ QAL‘{(NM
~nlay bl W gydm Chfs

~Saf o CCLU
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Oh x5 acaly clnpd
- ~ Wit o/ i T o“a,ofd’”‘

ot o d folm@/ Wl Cap;y/%
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5 Picture to Machine (10 Points)

Use sm.Gain, sm.Delay, sm.FeedbackAdd, sm.FeedbackSubtract, and sm.Cascade to make
a state machine that is equivalent to the following system:

X—»@:»I}—»R—»?—»k >Y

Assume that the system starts at rest, that is, all the signals are zero at time zero. Assume also that
the variables k1 and k2 are already defined.

Recall that sm.Gain takes a gain as an argument, sm.Delay takes an initial output value as an
argument and each of sm.Cascade, sm.FeedbackAdd, and sm.FeedbackSubtract, takes two
state machines as arguments.

Use indentation to highlight the structure of your answer.

\= Feed bal, éum’(mt (b y R)
V‘"‘/Jﬂbmde(hk, ) Casche@} al
Q= Foa bal, Lobrudd (éa‘m UM,)/ (ascade (/l/f{b)
| ToaLwl:;} T:jutd;n Limh( bt doa) cealy g |

Al 24

| ey
TN 1=
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On the Verge (12 Points)

For each difference equation below, say whether, for a unit sample input signal:

e the output of the system it describes will diverge or not,

e the output of the system it describes (a) will always be positive, (b) will alternate between
positive and negative, or (c) will have a different pattern of oscillation

5 |
-/

10y[n] — yln — 1] = 8xn — 3] Llad cotls
diverge? Yes or No { } ~Wee QL 1({) me,rfg{; ”
positive/alternate/oscillate [ ] “wf ” s }4; [/ l\fﬂﬁ
= ¥ ZQC&/@ ] l"( )

yn] = —yln — 1] — 10y[n — 2] + x[n] |
diverge? Yes or No [ }
positive/alternate/oscillate [ ]

Oy ~yR= §xR3

7Y
Y(10-R) < Fxp3 v &+ 10,07 -
i gR3 e " ho NP?O%J fo il_
G fi“??zi“. ! X (10&”& )
~ el what ae otk o+ =
~loot of deam il
[loo -RD-"D 9 (15 4) =~
R= 10 ~need ‘fo o1 (oot
@MM flading Ly Jged\
£ " Quadead ¢ e



7\
eqgitie R |
Sola il

. ‘tu yW
N Vlo LU‘W
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7 What'’s Cooking? (25 Points)

Sous vide cooking involves cooking food at a very precise, fixed temperature T (typically, low
enough to keep it moist, but high enough to kill any pathogens). In this problem, we model the
behavior of the heater and water bath used for such cooking. Let I be the current going into the
heater, and ¢ be the proportionality constant such that Ic is the rate of heat input.

The system is thus described by the following diagram:

1, ® (7
> L@J T <]

L a. Give the system function: H = % =
-

nr . CHhe Ry kack®

7 i wpd
iy e |

T

P
>

b. Give a difference equation for the system: T[n| =

T -Tabc + fich] + kadlnr] ik

Vv

\

bl b g el

——

Y= (x TP hoxR o+ L,,;KRQ v M T
o e i W vt 50 g

Sl e
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2. Let the system start at rest (all signals are zero). Suppose I[0] = 100 and I[n] = 0 for n > 0.
Here are plots of T[n] as a function of n for this system for ¢ = 1 and different values of k;
and ks.

200 200 -
150 + 150
1009 1009
sof 50
L] ]
j_Lm
| Py h A A i T 5 i 15
-50F @ -s0f
a b
200+

150

L00g
30+
°
-—OJ—O——.—?—.—.—C— ‘ -2 0 o
-50}
c d
O 9 0000000000003 00 200
®
°
150+ @ 150
1009 1009 )
®e®e00000000000000
0 sof i | i {
‘1 { 1 l |
| i |
| || L
3 10 15 5 10 15
-50 =50
e f

a. Which of the plots above correspondstok; =0.5and k; =07?

Circle all correctanswers: ab ¢ d e f none

b. Which of the plots above correspondstok; =Tand k, =0.5?

Circle all correctanswers: a b ¢ d e f none

f:( o 1{’0 ‘(Osi’f‘ ; < pr (lé l
o e L) Yo 57t pole
do btk h @
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3. Letkqy =0.5,k2 =3, and ¢ = 1. Determine the poles of H, or none

13

if there are no poles.

1

T[n] 3 (,/5-"3) 7[14-!] F ooy T[ni]f CI[M]
Y=< 2;5\/@\ + [,5-7&2 + »

Y _
R [ &7"}159:&)

L=

/25 +|/Ll25 C (&mp@xg

T Lf‘fﬂfLCd

x4 ) mae sue to
L)(\I(AB Cd/(t
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4. Here is the original system:

Lb_.@f Ji I,
L Delay Delay ._@‘J

Circle all of the following systems that are equivalent (for some setting of the gains in the
triangles) to the original system.

L—o—p—-o—Bm—- Lo >0 !
R -]

=R @@
. = T
i I> -

_..D_‘@ T
polar}<_| 4| <
/
C ‘ d

I"{>ﬂ*@ @Z N caldabe R for 0act
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C"WQ, Fead bach sl/bfﬂof(g[awé)
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OOP (10 points)

The following definitions have been entered into a Python shell:

class A:

yours = 0

def __init__(self, inp):
self.yours = inp

def give(self, amt):
self.yours = self.yours + amt
return self.yours

def howmuch(self):
return (A.yours, self.yours)

class B(A):
yours = 0
def give(self, amt):
B.yours = B.yours + amt
return A.howmuch(self)
def take(self, amt):
self.yours = self.yours - amt
return self.yours
def howmuch(self):
return (B.yours, A.yours, self.yours)

Write the values of the following expressions. Write None when there is no value; write Error
when an error results and explain briefly why it’s an error. Assume that these expressions are
evaluated one after another (all of the left column first, then right column).

test = A(5)

test = B(5)

{ None

L None

test.take(2)

test.take(2)

{ Error

I
)

test.give(6)

C

test.howmuch()

( (0, 11)

test.give(6)
=

L (0, 3)

test.howmuch()

[ (6,0,3)
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The Best and the Brightest (20 points)

Here are some class definitions, meant to represent a collection of students making up the student
body of a prestigious university.

class Student:
def __init__(self, name, iq, salary, height):
self .name = name
self.iq = iq
self.salary = salary
self .height = height

class StudentBody:

def __init__(self):
self.students = []

def addStudent(self, student):
self.students.append(student)

def nameOfSmartest(self):
# code will go here

def funOfBest(self, fun, feature):
# code will go here

The StudentBody class is missing the code for two methods:

e name0fSmartest: returns the name attribute of the student with the highest IQ

e funOfBest: takes a procedure fun and a procedure feature as input, and returns the result
of applying procedure fun to the student for whom the procedure feature yields the highest
value

For the first two problems below, assume that these methods have been implemented.

Here is a student body:

jody = Student(’Jody’, 100, 100000, 80)
chris = Student(’Chris’, 150, 40000, 62)
dana = Student(’Dana’, 120, 2000, 70)
aardvarkU = StudentBody()
aardvarkU.addStudent (jody)
aardvarkU.addStudent (chris)
aardvarkU.addStudent (dana)
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1. What is the result of evaluating aardvarkU.nameOfSmartest ()?

[ "Chris’ ]

2. Write a Python expression that will compute the name of the person who has the greatest
value of IQ + height in aardvarkU (not just for the example student body above). You can
define additional procedures if you need them.

' e’

aardvarkU.funOfBest(lambda x: x.name, lambda x: x.ig + x.height)

\ J

3. Implement the nameOfSmartest method. For full credit, use util.argmax (defined below)
or the fun0fBest method.

If 1 is a list of items and f is a procedure that maps an item into a numeric score, then
util.argmax(1l, f) returns the element of 1 that has the highest score.

~

def nameOfSmartest(seli):
return util.argmax(self.students, lambda x: x.iq).name

# or

def nameOfSmartest(seli):
return funOfBest(larbda x: x.name, lambda x: x.iq)




Midterm 1 Solutions — Spring 10 5

4. Implement the funOfBest method. For full credit, use util.argmax.

7~ T

def funOfBest(self, fun, feature):
return fun(util.argmax(self.students, feature))

Repeated from the start of the problem:

class Student:
def __init__(self, name, iq, salary, height):
self .name = name
self.iq = iq
self.salary = salary
self .height = height

class StudentBody:

def __init__(self):
self.students = []

def addStudent(self, student):
self.student.append (student)

def deleteStudent(self, student):
self.students.remove (student)

def nameOfSmartest(self):
pass

def funOfBest(self, fun, feature):
pass

Here is a student body:

jody = Student(’Jody’, 100, 100000, 80)
chris = Student(’Chris’, 150, 40000, 62)
dana = Student(’Dana’, 120, 2000, 70)
aardvarkU = StudentBody()
aardvarkU.addStudent (jody)
aardvarkU.addStudent (chris)
aardvarkU.addStudent (dana)
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SM to DE (15 Points)

Here is the definition of a class of state machines:

class Thing(SM):
startState = [0, 0, 0, O]
def getNextValues(self, state, inp):
result = state[0] * 2 + state[2] * 3
newState = [state[1], result, state[3], inp]
return (newState, result)

1. What is the result of evaluating

Thing() .transduce([1, 2, 0, 1, 3])

(o, 0, 3, 8, 6]

2. The state machine above describes the behavior of an LTI system starting at rest. Write a
difference equation that describes the same system as the state machine.

y[n] =2*y[n-2] +3* x[n-2]
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Diagnosis (8 points)

What, if anything, is wrong with each of the following state machine definitions? The syntax is
correct (that is, they are all legal Python programs), so that is not a problem. Write a phrase or a
single sentence if something is wrong or “nothing” if nothing is wrong.

1.

class M1(SM):
startState = 0
def getNextValues(self, state, inp):
return inp + state

Should return tuple of new state and output

class M2(SM):
startState = 0
def getNextValues(self, state, inp):
return (inp+state, (state, state))

This is fine.
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3.
class M3(SM):
def __init__(self):
self.startState = [1, 2, 3]
def getNextValues(self, state, inp):
state.append(inp)
result = sum(state) / float(len(state))
return (result, state)
This modifies the state argument, by doing state.append(inp)
4,

class M4(SM):

startState = -1

def __init__(self, v):
self.value = v

def getNextValues(self, state, inp):
if state > inp:

self.value = self.value + state

result = self.value * 2
return (state, result)

This modifies the attribute value in getNextValues.
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Picture to Machine (10 Points)

Use sm.Gain, sm.Delay, sm.FeedbackAdd, sm.FeedbackSubtract, and sm.Cascade to make
a state machine that is equivalent to the following system:

X—»@—»@—»R—»?__—»k > Y

Assume that the system starts at rest, that is, all the signals are zero at time zero. Assume also that
the variables k1 and k2 are already defined.

Recall that sm.Gain takes a gain as an argument, sm.Delay takes an initial output value as an
argument and each of sm.Cascade, sm.FeedbackAdd, and sm.FeedbackSubtract, takes two
state machines as arguments.

Use indentation to highlight the structure of your answer.
i B

FeedbackSubtract(Cascade(Cascade(Gain(kl), R()),
FeedbackSubtract (Gain(k2),
Cascade(R(),R())),
RO
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On the Verge (12 Points)

For each difference equation below, say whether, for a unit sample input signal:

e the output of the system it describes will diverge or not,

o the output of the system it describes (a) will always be positive, (b) will alternate between
positive and negative, or (c) will have a different pattern of oscillation

10ym] —yn —1] = 8x[n—3]

\
diverge? Yes or No [ No

J
positive/alternate/oscillate [ Positive J
2

yml =—ym —1]-10yn - 2] +xMn]

h
diverge? Yesor No | Yes |

J
positive/alternate/oscillate L Oscillates, pole is complex ]

I

\
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What's Cooking? (25 Points)

Sous vide cooking involves cooking food at a very precise, fixed temperature T (typically, low
enough to keep it moist, but high enough to kill any pathogens). In this problem, we model the
behavior of the heater and water bath used for such cooking. Let I be the current going into the
heater, and ¢ be the proportionality constant such that Ic is the rate of heat input.

The system is thus described by the following diagram:

Lb_,@ @) T,
L Delay

Delay
1 4. Give the system function: H = T=
e N
c
(1~ K1 R]” =+ ;{3 R]
k. J

b. Give a difference equation for the system: T[n] =

Tl = (k) —k2) T — 1] + ki ka T — 2} + cI[nd
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2. Let the system start at rest (all signals are zero). Suppose I[0] = 100 and I[n] = 0 forn > 0.
Here are plots of T[n] as a function of n for this system for ¢ = 1 and different values of k;
and kz.

200 200+
10 150f
1009 1006
S 0l @
o ° _
o
T ® I '—g—O—o—o—rﬁoﬂ-g—H—H
'50£ -50
4 b
00 200}
el 150
e 1009 @
sol-
o
] 2 1 15
-50
& d
<00 s9090000000000000 200+
]
1301 150
1009 100
r Tecoe e0o 000000000
50 ol o | | l ‘
E | | |
i i 1 |
] 10 15 5 T %
-k -50
¢ f

a. Which of the plots above corresponds to k; =0.5and k, =07?

Circle all correct answers: a@ c d e f none

b. Which of the plots above corresponds to k; =Tand k; =0.5?

Circle all correctanswers: a b ¢ d e@ none
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3. Letk; =0.5,kz2 =3, and ¢ = 1. Determine the poles of H, or none if there are no poles.

13

7

Poles at 0.5 and -3
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4. Here is the original system:

Ll i ——
LDelayﬂ—@v Delay

Circle all of the following systems that are equivalent (for some setting of the gains in the
triangles) to the original system.

—!—- o Delay _.?—_A Delay i
[ ii l

!

e

System b has the same system function. System e has the same poles,
We required b to be circled, and considered e to be correct whether circled or not.



