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Final Exam Review Problems Categorized Into Eight Categories (listed chronologically)
Search: SP09 #4.2, FA09 #6B, SP10 #8, Alt #7.1

Probability: SP09 #6, FAQ9 #5, SP10 #7, Alt #1

Circuits: SP09 #2, FAQ9 #4, SP10 #4, SP10 #5, SP10 #6

Control Systems: SP09 #7*, FAQ9 #3*

System Functions: SP09 #5, SP09 #7*, FA09 #3*, SP10 #3

State Machines: FA09 #2, SP10 #2

Classes: SP09 #3, SP09 #4.1, FA09 #1, SP10 #1

Procedures: SP09 #1

* implies overlap, as all of the problems that seem to focus on different
control & feedback systems rely on system functions for analysis.
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6.01 Final Exam: Fall 2009

Name:

Vadio 120121

Enter all answers in the boxes provided.

You may use any paper materials you have brought.
You may use a calculator. L ‘.-{ Y
No computers, cell phones, or music players.

For staff use:

1. /20
2 /10
3. /20
4. /20
5. /10
6. /20
total: /100




6.01 Final Exam — Fall 09 2

Object-Oriented Programming (20 points)

We will build a set of classes for representing functions (that is, mathematical functions, mapping
real numbers to real numbers) in Python. Here is a diagram of the class hierarchy. Each box
corresponds to a class, with its name shown in bold. Class attributes are shown in italics and
methods are shown in regular text with their arguments. Arrows point upward to the superclass
of a class. Fun has no superclass. - {

@f [ufcﬁaﬂ

Fun
plot(self, xMin, xMax, step)

DataFun

PyFun data
__init__(self, data)
plot(self, xMin, xMax, step)

.F
__init__(self, )
val(self, x)

LinInterpFun NNFun
val(self, x) val(self, x)

Every instance of a subclass of Fun that we create will have two methods{ val, which takes an x
value and returns the associated y value; and plot, which takes a description of the minimum
and maximum x values for plotting, and the spacing between plotted points, and makes a plot.
Different functions will be represented internally in different ways. In this problem, we will im-
plement the Fun, PyFun, DataFun, .and&L_in_;E‘tEl;pFun classes; the NNFun class is in the diagram
to illustrate where we might put a subclass of DataFun that uses a different interpolation strategy.

Vi\f fjﬂy J
v



6.01 Final Exam — Fall 09 3

A. The class Fun is an abstract superclass. It won’t be useful to make an instance of it, but we can
put the plot method, which is shared among its subclasses, in it. The plot method should
create two lists:

— xVals is a list whose first value is xMin, and whose subsequent values are xMin + step, / A ({
xMin + step + step, etc, stopping so that the last value is as large as it can be, but less ([9 i 02
than xMax. step will typically be @.

(0
— yVals is a list of the y values of the function, corresponding to the x values in xVals. You I

can use the val (self, x) method, which is required to be defined for any actual instanc 6\;}{5/ ot /
of a subclass of Fun. QC ﬁ T
- fn

]
i NP4
Then, it can call the global function makePlot on those lists. Assume makePlot is already (‘O b oAl
, S0 144
defined. 7
. TN &
So, for example, L\d LNL“H' (5 of

makePlot([1, 3, 8], [-2, 5, 21) ~Thal (¢ ol ) ]

would make the plot on the right. A [ CV(&"\J
}(f\oh@j !

I ;{M:’[ (Anav wlw J[d ht gel

|

) Jid ndtndershard qv

o - ] w - [

| | 1
w N -

Implement the plot method. Recall that Python’s range only works with integer step size.
>

~

class Fun: '
def plot(self, xMin, xMax, step):

: ¢ Nz h Aot A Gongtagd
X \/d !’-J = Mm \/ (\ (¢ 0e EAP]MJ’ v ij("ﬂ"‘}/,’ :f‘ﬂﬁ) qulge d;/h

o X i X Vals i -
\((}/()ch. gppeed (4elf vl (")L/ pate flof (de, L, Y Vals)

J (I( iy 104 ( /:’:L;(f Vall. .::’/. '7 }/// {[
Ang = E\fq\m] A5 mads A (g]" ort 8¢5,
> l ( _ s Z » o _
M,,{ ¢  (ur K5I — Mox. XL/@K-«[“? )
= [ v Aona. VS -
(4= ns| -1/ Ans 0 ppe-d (cor (t.sf}@) Wals=[ 7
(tlun gag, KX mlﬂé_, \
X, 1= 6ty Wil X & X finx

\9
Ma be Plo) (rvanls, Wc{b) e ;%zll jﬁ@fﬁ?ﬁ({’?ﬂmml (x))



6.01 Final Exam — Fall 09 4

B. The PyFun class is a subclass of Fun. It represents a function just using a Python procedure of
a single argument. It should operate as follows:

>>> t1 = PyFun(lambda x: x*%*2)

>>> t1.val(2) 100 ; : - . ' -
4 i
>>> t1.val(-3) B o
9 .I
>>> t1.plot(-2, 10, 0.2) i -

a0} -o.

20 ..-'.

bosg, __._,.a-‘
=2 o 2 s 6 8 10

Implement the PyFun class.

def __ il _ (qll, €),
Gl £ = £ o

{
QIU{‘ \/ci] (58;{, X‘\l )
(efuin st { { \{j'j

Mol




6.01 Final Exam — Fall 09 5

C. The DataFun class is a subclass of Fun, representing functions using a list of (x,y) data points,
and using an interpolation rule to evaluate the function at values of x that don’t appear in the
data set. The data points are not sorted in an); particular way. Different subclasses of DataFun

@Tﬂ}e different interpolation strategies by implementing different val methods. Data-
un is an abstract class, because it does not itself provide a val method. It will provide useful
__init__ and plot methods, however.

— The __init__ method should take a list of (x,y) data pairs as input and store it in an
attribute called data.

— The plot method should first plot the function with regularly-spaced x values, using the
plot method from the parent class, Fun; then it should plot the actual data points stored
in the data attribute.

ot i i b i L
Implement the DataFun class. /(E)zfér”ﬂfﬁlé' L'{ C°5f\4 '
\ \ 7 .‘l \
d(]_( -_—— ((\_!-f - ( éf){‘// J(OIP!‘}!
4 | ) .
Sl dada = dalg

{

P’é’“i [ 8! /(‘[ X W{ln, X //YM_, g;/"@/a)fl

°a

T J(}_l? AYY \‘qﬂL CMPWW&N}M

o v s s dufe

/V\@[){ PM’ (‘[X &r CK,\/) ‘t(\ 5{’/[{‘4&%]
[y G (ey) o Setﬁ.i@@)



6.01 Final Exam — Fall 09 6

This part of the problem is worth 5 points; we suggest that you do it only after you have
finished the rest of the exam.

. The LinInterpFun class is a subclass of DataFun. Its only method is val, which performs
linear interpolation. That is, given an x; value as input, it should look through the data to find
the x;, value that is, of all x values less than or equal to x;, closest to x;, and the xy; value that
is, of all x values greater than or equal to x;, closest to x;. Let Yy, be the y value associated
with x1, and yp; be the y value associated with xp;. The method should return the linear
interpolation value of y for input x;, which is:

(Uni — Yio)

Y = Yio + (Xi —X10) o
1 0

If the query x; is lower than any x value in the data, then the method should return the y value
associated with the smallest x value. Values of x; that are higher than any x value in the data
should be handled analogously. You can assume that all numbers are floats; do not assume
that the data are sorted in any way.

Here is an example plot made from an LinInterpFun instance. The large squares are the
actual stored data points.

t3 = LinInterpFun([(3, 10), (-1, 1), (8, -2), (3.5, 4)])
£3.plot(-2, 10, 0.2)

10 L]

Write your answer in the box on the next page.
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6.01 Final Exam — Fall 09 8

State machines (10 points)
Consider the following program

def thing(inputList): ooy 3 4
output = [] A f y !
i=0 / (o Pery D (AIES !
for x in range(S) = ZZ
y= 0 no O 1o
while y < 100 and i < len(inputList): . \ o
y = y + inputlist[i] (:ﬁ,§ vy ﬁh (¢ d/f( n (7094
output .append (y) I | e “") -
i=di+1 ~ gy pagt (00

return output

A. What is the value of

thing([1, 2, 3, 100, 4, 9, 500, 51, -2, 57, 103, 1, 1, 1, 1, -10, 207, 3, 11)

{ [,3,6,06, 4 13 513,51, 499, 106 }

B. Write a single state machine class MySM such that MySM() . transduce (inputList) gives the
same result as thing (inputList), if inputList is a list of numbers. Remember to include a
done method, that will cause it to terminate at the same time as thing.

. g )

\

. ( ( Qupd = valt 10 ¢ P )
of A(){ Noxt Vd V(4 ﬁ,(’/i[( f}dl’"; ’"”“P) / [ v ’ /ﬂc

Tthtrioy € adally dont e

| " ({OWQ 6¢ th, et

) :51"’” [I ¥ c]@f'/‘@ Py did
/: SDN]O [g) ()\ W“Y g ih AQ} JO/‘Q (5’ﬂ£(/5|l‘(l/{ﬂ) Undprgland.

4 (%) s Sha

‘_i C, :,: _ (EFUM ol BN 1
‘ A T L & i o A /zb/ L;ﬂ

-~
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Implement the LinInterpFun class.

ol p dof va,l(é@ ,
N Ko Sl "é LOV(X) )CM U5 mﬂ)
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JxrmL Q(Wc{ lr P‘”"’)

C. Recall the definition of sm.Repeat(m, n): Given a terminating state machine m, it returns

a new terminating state machine that will execute the machlne m to completion n times, and

then terminate. m, 0P m[ (/lz\ /VPU] ff 7

Use sm.Repeat and a ery sunple state machine that you efine to create a new state machine
MyNewSM, such that MyNewSM is equivalent to an instance of MySM.

-

~

oum )
Class Hﬂbfl{g fsm). (o
6’!’ 5w€“ (gp/(‘// ‘f/q:‘{‘t?/(/’P)f

JE Qo1 Next Valee
V< gtal €
\/-\/W!A,D
oy < 100!
| /f’/um v, \/)
w: -A0rp >/
CP_L,(:—’7—J77)\

Fd \
[ sy

Aot dure (self shek);
Cefun gtake 7 (0 A
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/ _/0 W A ’ s J 4 On0m lper
3 Linear Systems (20 points) i

In the following system, we will consider some different possible sensors.

X E Y

L/

A

Sensor

We can buy sensor A or sensor B as shown in the diagrams below. For each of them we can also
specify the gain k at the time we order it.

b ‘ S_: Y . 8
P o
R |« R

-+

Sensor A Sensor B

A. Just considering the sensor, not yet connected into the system, if we feed a step function (going
from 0 to 1) into a senso \_}Jlthk/—o—fi\what will the output value be (approximately) after
100 steps? Assume the system starts at rest. e e T

| O\ hlq OPP(O({/} ’f"ja';ﬂ — 4‘,’5-./;:'” }/’/\’C;/"fr’?
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B. Just considering the sensor, not yet connected into the system, if we feed a step function (going
from 0 to 1) into a sensor B with k = 0.8, what will the output value be (approximately) after

100 steps? Assume the system starts at rest. J[ 3
=Y 4 (a7
= 7 J -

y

]
i

W 7 }

C. If you plug sensor A into the overall system, what is the system function relating Y to X?
(Leave k as a variable)

D\[(I o lo n (Wi
1 [i’lj : XU—U : \l/[h‘“ IF x Stngor
giﬂ' = i /Lh)ﬁv 9 ) WA Com T fonvdf
[PU = \{[h J ! U” U L(\/ ,1? - \(é j Hhis [Wn

g | & I \/ 4 ),! ; ﬁ
,~yk4ky l’%g‘ﬁsﬁ&

( pe (Pl Coggiln

fgt

~ ~ .

AT \/(\‘&H}‘ Y[ K1 kA -
\ pa ‘/‘ :\L . \/Q L\R ) ‘QU«&@
i [Nl | -R+lR2
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Now C{ v
D. If we put a sensor of type B into the system, then the overall system function is

R
kRZ—R+kR+1

1. For k = 0.25, what are the poles of the system?

{ | S
; : 27 = {\?.
2607+ 258 R 1 ) (e {21
s | .
ANy | |
’Z’“)’ 22 (' 77% u‘m‘/ M f‘ﬁé&;y C «-,r—f:)n
_ 4 =Ry
25 =82 2 ey od ol il

e ————

b F/ b= Yac 1 /5 Im?ﬁ 3l e ;'

7 N
g.é(/ o ,Z' Neo +o s - -
f\(‘f{\('ﬁfl@ﬂ}’ nve )'?75”1‘53() = L{

. {/L&@NLA ‘oa(l vp {/IY ’d(/nf?b‘/ )‘U_/e ( and 9"}&( 4%

( 3—25 - 33(),[-

¥

L
duf cap
. N N
Is it stable? [ \/()_j (/A J? %\}4 Does it oscillate? [ / £4 ‘/ } ﬂb\/}'
gl ,
e 2. for k = 0.1, the poles of the system are at .@nd 0.13.
Fa N § r2 f -, -
i:,.-ja‘ { P ‘ {
N o L ..,'-(-“,a( 1 N
Is it stable? { ( [ \/ J Does it oscillate? ( O ‘/
“‘“‘ - 1 : 3 L (
e Nt lde ¢repse J (O
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3. If you were buying a sensor of type B, which of these gains would give you faster
response? Explain.

Fo

"~

Scratch Paper

g\?[ﬂLOM (Of‘-]l{O”gdﬁ ff’;\( //‘![,'9 (/9-/4 tﬁﬂ/f
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4 Circuits (20 points)

A. Dana, Emerson, and Flann have a supply of +10 V and want to make buffered supplies of
2.5V,5.0 Vand 7.5 V for use in their circuit, but they are having a disagreement about how
to do it. Here is the circuit Dana suggests: b el g _ [/

OR ~daat entrpor A

L\/gf/ﬁf’ @*Pb;gsv‘ b\f (\]o’r".f' {,7ﬂi

+2 Vi —0n ditey vl G550
+E V2

+10V

R2 =100Q %

R3 =100Q %

L6

R4 =1000Q %
i U ovas clght

f \
—Nov ¢ ,onf m ,n
1. In Dana’s circuit, what are the actual values of Vi, V3, and V3? fk/

I Y ) T

If they are incorrect, can you change the resistor values to make it work? If so, how? (i ;
p N e%wﬂb
CQ [’ oof
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Mo Lf;>)y \/ZM Wr
1% M‘UF(L
na t—% Y V ok T (Cad poles

ﬁ\( normal 0P an ]
N Ul oA =l s V{

- NP»V [/, cs ‘]’hz> Vi fage/ céw&/
ﬁ’lmhd'}/ hmy
“ Lk oac ol yp e
T (0ol {’M o Clledly v stat af bitfor
M‘(H’Pf{h U w05 Itk _h] ’-ﬁtj

[/ml,b@ﬂ o gttt |/
who)

BQ’/Z 0 H)‘/ - 7‘g(/@
oo J)
?:_09__/2 . (0 :fv
Y00
SO CO’KBW Jres lOF/(UW .__-Cmd ()/o amp P(OV{({G} 5&0@/&“&}/
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Here is the circuit that Emerson suggests:

+10V

R1=100Q

V1

R2 =100Q2
v2

R3 =100Q

V3

R4 =100Q

2. In Emerson’s circuit, what are the actual values of Vy, V>, and V3?

15

o

|

If they are incorrect, can you change the resistor values to make it work? If so, how?

~

K olkage s U not coltig )
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Here is the circuit that Flann suggests:

+10V L et Quacoc ro (a9l
" £
A 5P 0ms ¢ (g hy
R1=100Q % N
£ R4=foo ) ) Ao
> T AR
R2 = 100Q A T
R5 = 3[300 V3
R6 = 100
iE

= . 4@@}/1 ~doa %t gt

3. In Flann’s circuit, what are the actual values of V7, V2, and V3? (V] kﬁ1 H/[ (1, {r c‘

v]:[ b. 75 }Vz={ 2% ]Vs“:{ [ 25V ﬁ‘zf@ /

If they are iHCOI’I'ECt, can you change the resistor values to make it work? If SO, how?
R

&w, b= 1001
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B. Consider the following circuit

+10V Vin

[ =10. & . Vo

Vollage adder  caghly

1. Write a formula for V. (the voltage on the positive input to the op-amp) in terms of Vi,

T e e i abe eah for V-, Uy apert
V \[ | {Q~+(\/0ul ~|/- } = /J ¢ [/,
F W o == =
—\Oi@.:-«- = T VOU' [QL.I *—&“{U* - QS V‘*-
} VM Q, 1(@»{ TQG;) |/

V\ —“V+ = u}a U- < Vool £

—

(\Hﬂz) R CH /{5’

fv“ RaeV-Qav, =€,40)f, @m)
L @«5\(4@[,@ ,{M

1 V : é{ga,;/‘ /(rfj/?l[ % fﬂd((’-
‘ /W//Vﬂ l,( 13\/‘} e e (,QM, V l)jdﬂ'\‘"

— R+, 1[ Ao il X3 A Wit T Iy
R Aa A Ry tR, Ka A bing (o
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2. Write a formula for V¢t in terms of V. and the resistor values for this circuit:

Vout =

3. For each of these relationships, state whether it is possible to choose resistor values that
make it hold in the circuit above. Write Yes or No; it is not necessary to provide the
resistor values.

a. Vour =25 — Vi [ }

b. Vout = 2.5+ £ Vin { J

¢ Vout = 2.5+ 3 Vin { }
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5 State estimation (10 points)

We are interested in deciding whether the earth is in one of three states, in any given century:
warming (w), stable (s), cooling(c).

A. We can do an experiment on an ice sample which gives one of two observations: melting (m),

not melting (n).
o=
Here are the observation probabilities for the experiment:
Pr(O=m|S=w)=0.9 P,\ =N [
)
Pr(O=m|S=s)=0.7 | 2
Pr(O=m|S=c)=0.1 t/?

Assume our initial belief state is Pr(S =w) = 0.4, Pr(S =s) = 0.5, Pr(S =¢) = 0.1.

1. What would our belief state be after doing the experiment and observing n?

 C —

, 1 ” |
\/'%é;'ﬂf 04 € b peod to nomalive "

/9 % O T8 ¢4

rg_"(g';‘,/é" (&

i ECh] r?f
Gy ) === ?() « 69 €
W v / C/
/,od ar ¥
8 77 179
'y 935 30 <
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Nockos ¢hai

B. Now, let’s assume that the state of the planet is a Markovﬁprocess whose transitions can be
described, on the scale of centuries, as follows (of course, this is completely climatologically

; [ (L F
bogus): a‘[\gi/"’ I/‘/()/CJ L“ﬂ‘f“/ 0{01,/(7!;-/13 {

St41

w S c

w|07(03]00

O\k St s | 04|02 04

c | 0.0] 03] 07

1. Circle the following sequences of states that are possible.
S 5w

Devend
\@STCT){‘V,S,C,S,W S‘ o no‘) /”0( ll.ﬂb 5/5&)‘8

2. If we were certain that climate was 5@ in some century t, and we didn’t have any
experimental evidence, what would our belief state about the state of the climate in

century t + 2 be? - W W

( 9 : { o nomalize
§Q 6 L Mo need

( ; —horl sum o |
\/’ T\N 0¥ VI
ey ( ¢ V04
X
T4

\; 03

!
7‘ % 11
k o W
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6 Search (20 points) ‘ DT
/ fﬁr abf vl Shald be dyle Jo re 9t
: gL ¢ .\
A. We want to improve the search performance in the wolf-goat-cabbage problem (summarized
below; it is the same as in the tutor problem). I~ }1 4T GG fﬂi@ ol 2

® The farmer has a goat, a wolf and a head of cabbage. They come to a river (they’re on the left bank) and need to
get everything and everyone to the other side (the right bank).

e There’s a boat there that fits at most two of them; the farmer must always be one of the two in the boat.

e If the farmer leaves the goat alone with the cabbage, the goat will eat the cabbage (so that’s not a legal state).

/ % g’g e Similarly, if the farmer leaves the goat alone with the wolf... (so that’s not a legal state).
’
|

i Let n(s) be the number of objects (wolf, goat, cabb%e) that are on the incorrect side of the
\ L river in state s v Ll // J 0 / / #
[ et (WA ' t Whdy  (vovdd AQ/W,’ ( ~ g —[OnEs

2. Bobbie suggests thata good heuristic would be 2n(s)—1. Is itadmissible? Why or why not?

3. Casey suggests that a good heuristic would be 3n(s)—1. Is it admissible? Why or why not?

4. Which heuristic would be likely to reduce the search the most, while retaining optimality
of the answer?

¥ ol stog (s o ey
(h@@o{ to x/nd%,l%é wlta\( {(L hatslc < 26
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B. We need to travel over a network of roads through the mountains in the snow. Each road has
a current condition: clear, slippery, or buried. There are two possible vehicles you can use: a
sports car, which can only traverse clear roads or an SUV, which can trwd.

You start in the sports car (in location S), but if you are dEi_\Li_rlg_one vehicle, and you're in
the same location as another vehicle, you can trade vehicles; if you drive your sports car to
the location oﬂm&m A), and trade, then when you move, you will
move with the SUV and the sports car will be left at that location.

We will specify the map using the data structure below, which characterizes, for each location,
the roads leading out of it. Each road is described by a triple indicaﬁnMation, the
length of the road, and the condition of the road.

mapildist = {’S’ : [(’A’, 2, ’clear’), (’B’, 1, ’slippery’)],
’A? @ [(’S’, 2, ’clear’), (’C’, 3, ’clear’), (’D’, 10, ’slippery’)],
'B> : [(’8’, 1, ’slippery’), (°D’, 2, ’slippery’)],
g2 b LA B Tdlcar )]s . 4q) 1 lowect
’D’ : [(°A’, 10, ’slippery’), (’B’, 2, ’slippery’)]} y ake rpxT lowed
./Of }r
We are going to formulate this as a search problem with costs, to be solved using UC search.
Let the cost to traverse a road just be the the length of the road times a multiplier: the multiplier

is 1 for the sports car an\d;izvlfgljhe SUV. There is a cost of 1 for the action of swapping cars.

—

The possible actions are to drive on one of the roads emanating from a current location or to
swap cars.

' A [ / \ (]
ond Nodd colve YOl

]

1. What information do you need to keep in each state? How will you represent it in Python?

' 3

/ =1

\ i v

‘ 7 / N i
Br ) 1 T 0w Wi } ¥o
vy, y 4 o y v L f
‘ o bl will db ]

2. How would you represent the starting state (as a Python expression)? E loc UPE Pﬁ"i ‘.C\ » UV Loc A

( [g\/ s, /\ A, O] =

(\! - On,[ lﬂt! 0
S ) 27 il
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JF(M dowrtslgf lon

3. What would you pass in as the second argument to ucSearch. search, the goal test, if the
goal is to end in location *D’? T 6 o ”}9}

Write Python expression(s)

J@{ @odn@% [se/(/ ;}bc/f'):
(Pfs,,m Sf'd{P[O\? s /0 ! \/
gc LV/ [and d o

W

4. Let the actions be described by (action, roadNum), where action is one of ’drive’
or ’swapCars’, and roadNum is an integer that means which road to drive on out of an
intersection. The roadnum can be used as an index into the list of results in mapldist.
When actionis ’swapCars’, then the roadNum is ignored.

If drivingDynamics is an instance of sm.SM that describes this planning domain, using
your state representation, what would the output of this expression be:

>>> drivingDynamics.transduce([(’drive’, 0), (’swapCars’, 0), (’drive’, 1)])

JvE f—é‘ﬂ'éf Y -(’4}.:7/

f — L ;4 7/ ) "
Write alist of states, A we T4y ore Vbing (ad e al booff

F (%?,gj"ﬁpgf‘b\‘?) (g {044 ‘[[ﬂfg.ﬂ)[ zj/L ‘}

fov . J
H} N1 s/jj

\ G4/,

]
by
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no (ask
5. From that same start state, what path through state space would be found by breadth-first
search, when the goal is to be in location *D’? Provide a list of states. (7 / pa_f‘" 4]

( g! 5}&3”'@ z Lo | >
eaih T s héf{/f(/{ ﬁ

, L .
A/ ?PW ﬂCICE’)r: In C}g(!ﬁ( f;;&{! f;/"{ {

» 4 s S04l
kU o /

D,y

.

6. From that same start state, what path through state space would be found by uniform-cost
search? Provide a list of states.

;q / i)ff/: p
A vy

S SUV v//

(40

[}‘*9‘"” 13 v/ J

What is its cost?
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Name: ANSWERS

Enter all answers in the boxes provided.

You may use any paper materials you have brought.
You may use a calculator.

No computers, cell phones, or music players.

For staff use:

5. /10

6. /20

total: /100
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Object-Oriented Programming (20 points)

We will build a set of classes for representing functions (that is, mathematical functions, mapping
real numbers to real numbers) in Python. Here is a diagram of the class hierarchy. Each box
corresponds to a class, with its name shown in bold. Class attributes are shown in italics and
methods are shown in regular text with their arguments. Arrows point upward to the superclass
of a class. Fun has no superclass.

[ Fun |
[plot(self, xMin, xMax, step) |

w/

DataFun

[ PyFun ]

I
E
val(self, x)

data
—init__(self, data)
plot(self, xMin, xMax, step)

LinInterpFun NNFun

val(self, x) val(self, x)

Every instance of a subclass of Fun that we create will have two methods: val, which takes an x
value and returns the associated y value; and plot, which takes a description of the minimum
and maximum x values for plotting, and the spacing between plotted points, and makes a plot.
Different functions will be represented internally in different ways. In this problem, we will im-
plement the Fun, PyFun, DataFun, and LinInterpFun classes; the NNFun class is in the diagram
to illustrate where we might put a subclass of DataFun that uses a different interpolation strategy.
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A. The class Fun is an abstract superclass. It won’t be useful to make an instance of it, but we can B. The PyFun class is a subclass of Fun. It represents a function just using a Python procedure of
put the plot method, which is shared among its subclasses, in it. The plot method should a single argument. It should aperate as follows:

create two lists:
>>> t1 = PyFun(lambda x: x##2)

— xVals is a list whose first value is xMin, and whose subsequent values are xMin + step, >>> tl.val(2) P
¥Min + step + step, etc, stopping so that the last value is as large as it can be, but less 4 -
than xMax. step will typically be a float. Mvv tl.val(-3) ©

— yVals is a list of the y values of the function, corresponding to the x values in xVals. You >»> tl.plot(-2, 10, 0.2) -l
can use the val(self, x) method, which is required to be defined for any actual instance
of a subclass of Fun. «

Then, it can call the global function makePlot on those lists. Assume makePlot is already =

defined.

i
i

So, for example,

makePlot([1, 3, 8], [-2, 5, 2]) s .
Implement the PyFun class.

would make the plot on the right.

it
altne
return

Implement the plot method. Recall that Python’s range only works with integer step size.

class Fun:
def plot(self, xMin, xMax, step):
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This part of the problem is worth 5 points; we suggest that you do it only after you have

C. The DataFun class is a subclass of Fun, representing functions using a list of (x, y) data points,
finished the rest of the exam.

and using an interpolation rule to evaluate the function at values of x that don’t appear in the

data set. The data points are not sorted in any particular way. Different subclasses of DataFun D. The LinInterpFun class is a subclass of DataFun. Its only method is val, which performs
will m_dsn_m different 5.:%5?:._.5 w:.m"mm_wu o _Ev_...._.:c_._::m different qmu.am:_c.u? Hata linear interpolation. That is, given an x; value as input, it should look through the data to find
m.E.a isan abstract class, because it does not itself provide a val method. It will provide useful the X1 value that is, of all x values less than or equal to xi, closest to x;, and the xp; value that
--init__and plot methods, however. is, of all x values greater than or equal to x, closest to ;. Let Yy, be the y value associated
— The __init__ method should take a list of (x,y) data pairs as input and store it in an with x;, and ypy be the y value associated with xy;. The method should return the linear

attribute called data. interpolation value of y for input x;, which is:
— The plot method should first plot the function with regularly-spaced x values, using the (Yni — Yio)
Y =Yo + (i = X10) )
1 o

plot method from the parent class, Fun; then it should plot the actual data points stored
If the query x; is lower than any x value in the data, then the method should return the y value

Implement the DataFun class. o . o associated with the smallest x value. Values of x; that are higher than any x value in the data
should be handled analogously. You can assume that all numbers are floats; do not assume
that the data are sorted in any way.
Here is an example plot made from an LinInterpFun instance. The large squares are the
actual stored data points.

in the data attribute.

t3 = LinInterpFun([(3, 10), (-1, 1), (8, -2), (3.5, 4)])
t3.plot(-2, 10, 0.2)

Write your answer in the box on the next page.
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Implement the LinInterpFun class.

dx <=

- 2leo)

6.01 Final Examn — Fall 09 8

2 State machines (10 points)

Consider the following program

def thing(inputList):
cutput = []
i=0
for x in range(3):
y=0
while y < 100 and i < len(inputlist):
y = y + inputList[i]
output.append (y)
i=1+1
return output

A. What is the value of

thing([1, 2, 3, 100, 4, 9, 600, 61, -2, 57, 103, 1, 1, 1, 1, -10, 207, 3, 11)

B. Write a single state machine class MySM such that MySM() . transduce (inputList) gives the
same result as thing (inputList), if inputList is a list of numbers. Remember to include a
done method, that will cause it to terminate at the same time as thing.

((z, ¥), ¥)
de? donelself, atate):
(x, ¥} = state
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B. Just considering the sensor, not yet connected into the system, if we feed a step function (going D. If we put a sensor of type B into the system, then the overall system function is
from 0 to 1) into a sensor B with k = 0.8, what will the output value be (approximately) after R
7 s at rest.
100 steps? Assume the system starts at res WRZ_RIKR+1

1. For k = 0.25, what are the poles of the system?

(

|
{

1.6

C. If you plug sensor A into the overall system, what is the system function relating Y to X?
(Leave k as a variable)

Does it oscillate?

Is it stable?

2. for k = 0.1, the poles of the system are at 0.77 and 0.13.

/ os

Is it stable? | Does it oscillate?
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C. Recall the definition of sm.Repeat(m, n): Given a terminating state machine m, it returns 3 Linear m%mnmgm (20 ﬁOmﬂwmv
a new terminating state machine that will execute the machine m to completion n times, and

then terminate. In the following system, we will consider some different possible sensors.

Use sm.Repeat and a very simple state machine that you define to create a new state machine X E Y

MyNewSH, such that MyNewSM is equivalent to an instance of MySM. etﬂ

Sensor

We can buy sensor A or sensor B as shown in the diagrams below. For each of them we can also
specify the gain k at the time we order it.

TS b :
+ _\
[ R
L
Sensor A Sensor B

A. Just considering the sensor, not yet connected into the system, if we feed a step function (going
from 0 to 1) into a sensor A with k = 0.5, what will the output value be (approximately) after
100 steps? Assume the system starts at rest.
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Here is the circuit that Emerson suggests:

+10V

R1=100Q

R2 = 1000

R3 =100Q

R4 =1000

2. In Emerson’s circuit, what are the actual values of Vi, V3, and V.
% :

37
-

15

10V

nv
jVa=
P g

If they are incorrect, can you change the resistor values to make it work? If so, how?

16

6.01 Final Exam — Fall 09

Here is the circuit that Flann suggests:

+10V
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3. If you were buying a sensor of type B, which of these gains would give you faster 4 Circuits (20 mucmﬂnmw
response? Explain,

Pick k = 0.25 because it converges faster. A. Dana, Emerson, and Flann ?um.m a mmvma. n.& +10 V and S.E.;. to _:u._...m buffered supplies of
) 2.5V,5.0 Vand 7.5 V for use in their circuit, but they are having a disagreement about how
to do it. Here is the circuit Dana suggests:
+10V
A1 = 1000
v Vi
Scratch Paper Esacos
v V2
R3 = 1000
v V3
R4 =1000

1. In Dana’s circuit, what are the actual values of Vi, V3, and V3?

\ 5
v, = 5% Vs = 50V Vi = m 25

e S

~a

If they are incorrect, can you change the resistor values to make it work? If so, how?

Corgect
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State estimation (10 points)
We are interested in deciding whether the earth is in one of three states, in any given century:
warming (w), stable (s), cooling(c).
A. We can do an experiment on an ice sample which gives one of two abservations: melting (m),
not melting (n).
Here are the observation probabilities for the experiment:
Pr(O=m|S=w) =09
Pr(O=m|5=3s)=07
Pr(O=m|S=¢c)=0.1
Assume our initial belief state is Pr(§ = w) = 0.4, Pr(5 = 5) = 0.5, Pr(§ =¢) = 0.1.

1. What would our belief state be after doing the experiment and observing n?

6.01 Final Exam — Fall 09 20

B. Now, let’s assume thal the state of the planet is a Markov process whose transitions can be
described, on the scale of centuries, as follows (of course, this is completely climatologically
bogus):

St
w s c

w | 070300

St s | 04]02]04
c | 00]|03]|07

1. Circle the following sequences of states that are possible.

a. w, s, W, w,c,c,s,w Not po
b. ¢,c,¢, 5,58, ¢, 5w Possible
c. w,s,c,w,s,c,s,w Not possible

2. If we were certain that climate was stable in some century t, and we didn’t have any
experimental evidence, what would our belief state about the state of the climate in
century t + 2 be?

t=0: {0,110}

L1 (004,0.2,0.4)

f=20 10.36,0.28,0.36)
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B. Consider the following circuit
+10V Vin

R1 R3

+ Vout

R2.

e

RS
R4;

1. Write a formula for V. (the voltage on the positive input to the op-amp) in terms of Vi,
and the resistor values for this circuit:

6.01 Final Exam — Fall 09 18

2. Write a formula for Vi in terms of V4 and the resistor values for this circuit:

i

3. For each of these relationships, state whether it is possible to choose resistor values that
make it hold in the circuit above. Write Yes or No; it is not necessary to provide the
resistor values,

2 Vaupm 25— Ve | O p

4

b. Vour =25+ &Vin | 1

¢ Vour =—-2.5+ ._.wlh(\—: plo



6.01 T.:& Exam — Fall 09 23 6.01 Final Exam — Fall 09 24

3. What would you pass in as the second argument to ucSearch. search, the goal test, if the 5. From that same start state, what path through state space would be found by breadth-first
goal is to end in location 'D’? search, when the goal is to be in location *D’? Provide a list of states.

““““““ [('8', *car?), ('AY, 'car'), ('A?, ’suv'), ('D', ‘s

Eﬁﬁﬁw?o: mxmm..mm._ci&

6. From that same start state, what path through state space would be found by uniform-cost
search? Provide a list of states.

4, Let the actions be described by (action, roadNum), where action is one of ’drive’
or 'swapCars’, and roadNum is an integer that means which road to drive on out of an oy
intersection. The roadnum can be used as an index into the of results in mapidist.
When actionis ’swapCars’, then the roadNum is ignored.

CAY, rcar’), &7, 'rav?), O'87, 'suv’),

If drivingDynamics is an instance of sm.SM that describes this planning domain, using |
your state representation, what would the output of this expression be:

>>> drivingDynamics.transduce([(’drive’, 0), (’swapCars’, 0), ('drive’, 1)])

Write a list of states.

What is its cost? =
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6 Search (20 points)

A. We want to improve the search performance in the wolf-goat-cabbage problem (summarized
below; it is the same as in the tutor problem).

® The farmer has a goat, a wolf and a head of cabbage. They come to a river (they’re on the left bank) and need to
get everything and everyone to the other side (the right bank).

There's a boat there that fits at most two of them; the farmer must always be one of the two in the boat.

If the farmer leaves the goat alone with the cabbage, the goat will eat the cabbage (so that’s not a legal state).
Similarly, if the farmer leaves the goat alone with the woll... (so that's not a legal state).

Let n(s) be the number of objects (wolf, goat, cabbage) that are on the incorrect side of the
river in state s.

1. &:mqmu suggests that a good heuristic would be n(s) —1. Is it admissible? Why or why not?

always less than the number of s 10 3o,

2. Bobbie suggests that a good heuristic would be 2n(s)—1. Is it admissible? Why or why not?

Yes, always less than or equal the number of steps to go.

L]

Casey suggests that a good heuristic would be 3n(s) —1. Is it admissible? Why or why not?

No, on the first step, 3 - 1= 2 but there are 7 steps to go

4. Which heuristic would be likely to reduce the search the most, while retaining optimality
of the answer?

Bobb

-1, it’s the Targest admissible heuristic
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B. We need to travel over a network of roads through the mountains in the snow. Each road has

a current condition: clear, slippery, or buried. There are two possible vehicles you can use: a
sports car, which can only traverse clear roads or an SUV, which can traverse any road.

You start in the sports car (in location S), but if you are driving one vehicle, and you're in
the same location as another vehicle, you can trade vehicles; if you drive your sports car to
the location of the SUV (which starts in location 4), and trade, then when you move, you will
move with the SUV and the sports car will be left at that location.

We will specify the map using the data structure below, which characterizes, for each location,
the roads leading out of it. Each road is described by a triple indicating the next location, the
length of the road, and the condition of the road.

mapldist = {*s' : [("A’, 2, ‘clear’), (’B’, 1, ’slippery’)],

'A' : [('8', 2, 'clear’), (°C', 3, ’clear’), ('D’, 10, 'slippery’)],
'8! : [(’S’, 1, 'slippery’), (*D’, 2, 'slippery’)],

¢t ¢ [('A7, 3, 'clear’)],

D : [('A’, 10, 'slippery’), ('B’, 2, ’slippery’)]}

We are going to formulate this as a search problem with costs, to be solved using UC search.
Let the cost to traverse a road just be the the length of the road times a multiplier: the multiplier
is 1 for the sports car and 2 for the SUV. There is a cost of 1 for the action of swapping cars.
The possible actions are to drive on one of the roads emanating from a current location or to
swap cars.

1. What information do you need to keep in each state? How will you represent it in Python?

Qur location and which vehicle we are using: {loc, car)
We don’t need to keep in the state where the ather vehicle is. Onee we change vehicles, we
don’t ever change back.

(-

2. How would you represent the starting state (as a Python expression)?
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