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Quiz 1

| [Thorough understanding |[Adequate understanding %.
|Problem 1 Rules [= 41 = 35 Y3

|Problem 2 Search|[= 39 = 34 “|

[Problem 3 Ideas [= 8 |z 6 )

[Overall _ = 88 ] 275 G5

Quiz 2

| _ _ [Thorough understanding |Adequate understanding

IProb]em 1 Games |2 35 Iz 30 20
|Problem 2 Constraints |z 35 > 31 71 2
|Problem 3 Drawings |z 15 | 10 0

|Overall |2 85 = 71 47
Quiz 3

[ . _ e _ _ |'I_‘h_orough understanding [Adequate understanding
'IProblem 1 Nearest neighbors/Classification Trees |: 35 =30

[Problem 2 Neural nets

235 R % L

[Problem 3 Learning |2 14 |z 10 Y
[Overall |= 84 |z 69 70
Quiz 4

| lThorough understanding[.—\dequate understanding

|Problem 1 SVMs |z 39 z 34 20

|Problem 2 Boosting |f_> 41 !z 37 5 2
|Problem 3 Representation |z 8 2 6 Y

|Overall |= 88 |z 77 20
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Part B: Alpha Beta (35 points)

B1: Straight-forward Alpha Beta(15 points) ‘

K fHoays Sam  as
Perform Alpha Beta search on the following tree. (I
- Indicate pruning by striking through the appropriate edge(s). /f]m'/,,'a X

- Mark your steps for partial credit.
- Fill in the number of static evaluations.
- List the leaf nodes in the order that they are statically evaluated.

MAX

MIN

MIN

Indicate in Next Move which of B or C you would go to from A and in Moving Towards which node in
the bottom row you are heading toward.

¢ HI1JL

# of evaluations: List:

Next Move: Moving towards:

1

4 E\ Juy! |

EemL +o WO(j-‘\ 4%
‘D W

-~

13
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" A \LL ¥
o P U Gt k
B2: Preset Alpha-Beta (15 points) —— \Ml\"\"‘
Perform alpha-beta search, using initial values of alpha =5 and beta = 8.
- Indicate pruning by striking through the appropriate edge(s).
- Mark your steps for partial credit. ¥
- Fill in the number of static evaluations. ¢ 6'%7 I\Q/@
- List the leaf nodes in the order that they are statically evaluated. 7 ) "’& dam
(P29
MAX
MIN
MAX
MIN ]

|
,. \
Y 5 o 13 IEM, 1o
Indicate in Next Move which of B or C you would £o to from A and in Movmg ljwards which node in
the bottom row you are heading toward.

l List: ﬁ( L

# of evaluations:

Next Move: Moving towards:

o Tl dad o i g ol b B H

B3: Alpha-Beta Propertleg(s points) L’bdf wNH hM. }5‘ Braw T f

If you were able to maximally prune a tree while performing Alpha-Beta search, approaximately how
many static evaluations would you end up doing for a tree of depth « and branching factor b?

14



Part B: Alpha Beta (35 points)

B1: Straight-forward Alpha Beta(15 points)

Perform Alpha Beta search on the following tree.

- Indicate pruning by striking through the appropriate edge(s).

- Mark your steps for partial credit.

- Fill in the number of static evaluations.

- List the leaf nodes in the order that they are statically evaluated.

MAX

MIN

MAX
oiP

MIN
g 9 :
— 5 5 X -5; ¢ 6rhoud not- gfm.;//f/

Indicate in Next Move which of B or C you would go to from A and in Moving Towards wh1 node in
the bottom row you are heading toward.

# of evaluations: List: i

Next Move: Moving towards:

13



B2: Preset Alpha-Beta (15 points)

Perform alpha-beta search, using initial values of alpha = 5 and beta = 8.

- Indicate pruning by striking through the appropriate edge(s).

- Mark your steps for partial credit.

- Fill in the number of static evaluations.

- List the leaf nodes in the order that they are statically evaluated.

MAX
MIN
& b

MAX

MIN S

Indicate in Next Move which of B or C you would go to from A and in Moving Towards which node in
the bottom row you are heading toward.

# of evaluations: List:

Next Move: Moving towards:

B3: Alpha-Beta Properties (5 points)

If you were able to maximally prune a tree while performing Alpha-Beta search, approaximately how
many static evaluations would you end up doing for a tree of depth ¢ and branching factor 5?

14



Quiz 2 Problem 1: Games (50 points)

= ®

@ o B &
DO ® O OO® @ ®
“H OO OO ©

A: Using minimax only. no alpha-beta,, indicate the values of the following nodes. (10 pts)

A= G =
B= I :
C= K
D= M=
E=

B: Using minimax only. what is the best next move from A? (Indicate a letter) (4 pts)




5
S
waskd
MIN ) z ({ Ly’ / Va
= . ( o J b
| - () g - ¢ o £
=75 ‘ ‘“w"\ ( J/ )

] [ |5

ww ) @ @ W @ " W .

C: "lrace the steps of Alpha beta pruning on the same tree above. Note that alpha, betas are updated
before pruning occurs. if in doubt consult the reference implementation given on the tear-off sheet.
List the leaf nodes in the order that they are statically evaluated. (10 pts)

FyH PAT R LT/
M’ Lad ﬂ,}‘ P/um'tg

What are the final Alpha Beta values at node £ (4pts)

Alpha—=—m(.‘% . \/ | | Beta = / L/

What are the final Alpha Beta values at node A (4pts)

10



Quiz 2, Question 1, Games (50 points)

You are playing a new Sim game called Obamaquest, the [.cgend of the Lost International Credibility.

In this game. you play a charismatic incoming president who must make a choice on various issues in
order to save your country. After each of your turns, the outgoing president will attempt to perform the
most meddlesome acts possible to make it less likely that vou will succeed. You realize quickly that you
can model this game using a simple Game Tree from 6.034, as shown below.

Static values are shown underneath leaf nodes. Ignore the numbers in parentheses for now.

Max (Jé) A o
éﬁ" 7Y
oL ) S8 Aecp/
Min - i & . ohl < D 5
7 & .
@ /. ;
Max 1 op-%r @ & G g4 H & @ ]
O@ 10) == 0 ) ’3 XN @ g7 7 ¢ © @ @
565
&= 6
K o @ i o 5 ORIV & . €€
0 ® 0 N0 g Q P % R 7@ Aiz

Max |() S 1 . X X Z
A T S SR S SR S
v 20 | A0 6 q aq @

10



Part A (15 points)

First, you decide.to perform a simple minimax algorithm on the tree.

Which direction will the maximizer choose to go at node A?

What is the minimax value of node A?

Which static evaluations did you perform? (write the nodes you statically evaluated. in order).

Part B (25 points)

Minimax was taking too many static evaluations, so you use alpha-beta instead.

This time what direction will the maximizer choose to go at node A?

Which static evaluations did you perform? (write the nodes you statically evaluated. in order).

i
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Problem 1: SVMs (45 points)

Part A: Linear kernels (22 points)

Your good friend. Khan Fusion, tells you about a binary classification technique known as a
support vector machine, which appears to be all the rage among computer scientists these days.
Unfortunately, Khan is a busy man, and so he could only spend 50 minutes giving you a _
whirlwind tour to the complex world of SVMs. Eager to see if you're on the right track, you
create the following toy classification problem and solve it using an SVM to get a feeling ffor
how it works:

h

D e i S S s =" B

1
N
1
N
1
(9]
1
2
1
=
R)
(2
.
TJ‘

A1 (6 points)

On the picture above, draw with a heavy solid line the optimal decision boundary (that is,
where the classifier outputs exactly 0) found by an SVM using a linear kernel. Draw with a
heavy dashed line the edges of the “street” produced by the SVM (that is, where the classifier

outputs exactly +1 or -1.) Circle all support vectors.

(3]



A2(6 points)

Give the values that the SVM finds for the following variables; note that w is a vector:

ol T

~W 0
-~ 0

Show your work (for partial credit):
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A3(5 points)

You now add a seventh data point to your graph as follows:

| S N S TR SRV
:

1 1
‘.I)l-l:-'..l.Jll\J»:——D-—-

-§ 4 -3 -2 -1 0 1 2 3 4 35

A3a Draw the decision boundary with a heavy solid line.

A3b Now what values will the SVM find for each of the following variables?



A4(5 points)

You want to see how the SVM will react to changing the scale of your problem, so you decide to

scale your data by 10 along both dimensions:

i i i i i ¥ £ | i

31 &5 2 [ P
i 1 i i i

; H i g [ ; i

i H i { ¥ ; i

i i § £ 1] i

i 4 i i )
i 1 1 i i

-50 -40 -30 -20 -10 0 10 20 30 40 50
X

What values will the SVM find for each of the following variables?
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Part B: Higher order kernels (23 points)

You're pretty satisfied with your understanding of SVMs at this point, so you decide to use them
to tackle a slightly harder problem, certainly worthy of an MIT student's attention: given two

input integers x and y, can we learn to predict whether their sum, x +y, will be evenly divisible
by 27

(Note: for the purpose of this problem, we consider 0 to be evenly divisible by 2.)

B1 (9 points)

You slowly start to populate your training set by inserting data points which you manually
classify.

For each of the following graphs, circle ALL kernels that can perfectly classify the training
data. Your three options are: linear kernels, quadratic polynomial kernels, and radial basis
function kernels.

x2
. 11
]@D poly@uadmtic) @l —] K3 +
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3 L
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5ol 24 A 1 2 % 45
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2 T
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X2

linear polynomial (quadratic) |
L PO(” l'\ } ( (!} JHe | r_ i

)'\ f ({’ ((

Not  Ciedles
—
B2 (4 points)
You heave a sigh of victory as you finish adding the 1215 distinct data point to the graph above.
You then run your learning algorithm with a radial basis function kernel using suitable
parameters. Then, ym@wm two random integers between -5 and 5. Will your

classifier always be a ssify this data point correctly? (circle one)

|
M T L T T 0 T S ¥ |

o~

B3 (4 points)

You decide to test your classifier from B2 on random data points outside the range where x and y
are between -5 and +5, without retraining your . Will your classifier always be able to
classify these data points-correctly? (circle-one)— —

s L ol
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B4 (6 points)

Confused by your results above, you decide that you want to get a more intuitive sense of how
kernels work, so you turn your attention to a simpler problem:

X2

(]

B 2
-
|
| i
|

Give a transformation @(u) (where u is a vector whose components are u, and u,) that will make
these data points linearly separable, and compute the kernel K(u, v) associated with the
transformation.
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Problem 2: Adaboost (45 points)

Your friend Ben has spent the last month playing a new video game instead of attending 6.034.
This weekend his girlfriend Brittney is visiting, and they want to make a character for her, but
don’t know what sort of character it should be. She has given him a description of her ideal
character, and Ben has asked you to use your newfound knowledge of Adaboost to build a
classifier that determines if she should play an elf or a non-elf.

Below is the table that Ben has compiled of training data for your classifiers. Note that +1 in the
Elf column means that the person should be an elf; -1 means the person should not be an elf.

Fighting

Part A: Choosing Classifiers (18 points)

A1 (10 points)

Fill in the following chart by indicating which

the indicated test.

|

]r\u, JQ}]

rows, by number, have the wrong EIf value, given
\ A

Fighting Style = Melee | _,J QH | ) /5,- 4, 5/
b Fighting Style = Ranged 9, ::; 7 i
" Fighting Style = None l,2 29,7
d Ears = Pointy 27 |
e Magic = No s L'\*:”! ( ; e M 3
f Size = Medium G |
g True ;“=

Style Ears
1 | Link +1 Ranged Pointy Yes Medium
2 | Arwen +1 Melee Pointy No Medium
3 | Legolas +1 Ranged Pointy No Medium
4 | Dobby +1 Ranged Pointy Yes Small
5 | Christmas EIf +1 None Pointy Yes Small %
6 | Fran -1 Ranged Round Yes Medium ¥
7 | Green Arrow -1 Ranged Round No Medium Y
8 | Gizmo -1 None Pointy No Small



A2 (4 points)

You notice that you could add two more good, single test, weak classifiers (fewer than half of the
data points are misclassified). Fill in the tests below, given the data points they misclassify.

We have not used h in the table to avoid confusion with the weak classifiers that are added up to
make the strong classifier, H.

oot e

. ,Ma@‘:t :W; 2.3,6
i Flg.'h[h}j # Nore R

A3 (4 points)

Ben thinks we should use all 9 of these classifiers in boosting, just to be safe. Do you agree?
Circle one: (I I A

{N-;/. Can P llM g % 0 l a0l ; ‘»; ;f 2 }

‘ﬁﬂJ}y ! A

YES @ o |

If you circled NO, list the classifier(s) (by letter) that we will NOT need to use during boosting:

[eﬂb%

10



Part B: Running Adaboost (27 points)

B1 (18 points)

Now that you know which weak classifiers you’ll use (either all 9 or some subset, depending on

your answer to part A3), you're ready to run Adaboost. Fill in the table below for the first three

rounds of Adaboost. Break ties by REVERSE alphabetical order of the classifier.

Round 1 Round 2 Round 3
wi " Y1y (22
ula Ik 10 4
WS ’:/)"' / (4 '/
w4 lq Ny (21
w5 /4 i X ' G
w6 lt ) ) A
1] \ [
w8 B X /7 /27
h J J \
£k )
: /9 Ty g
l — \ Ity % U/ eb
K Qﬂ ‘%ﬂl i p"l '417!7 2 Q/] 19 /66

You can use the space below to show your work:

(oot Lo o, (ML)

7/ ( 779 T
1
(LG40, , L ’!/ .
Loy 7~ L&
o L e,y LS5
Lo (& L Wy *W, Ty 27
b
=

‘ B T
Y

(nCOi/e(f
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B2 (4 points)
What is the final classifier produced by these three rounds of Adaboost?

f\XJ
H(x;DEQ Q {1 (f 3 U ’[ﬂ /

1971 () L 79()

J'

B3 (3 points)
Does your classifier correctly classify all of the training data? Circle one:
v
g ﬁvé[ﬂ 7 P&{/\ YLﬂ ’49
o) ,

YES .
g

r Il
1 d "y ('jhch}(ﬂfﬁ

If you circled NO, list any training data points that your Adaboost classifier misclassifies:

“‘[;‘G o (é’r‘-@mh”/
();,./at;!’f [JH ~ () *'*fﬁ(’)

(\ [ ) 1., ) -
~ Whn Gheell he (5
B4 (2 points)

Below is the description of Brittney’s ideal character. According to your classifier, should her
character be an elf?

Fighting Style Ears Magic
Brittney e Melee Pointy Yes Medium

X ORALTD )

@} NOT AN ELF j
A\
oyl / \/
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6.034 Final Examination

December 15, 2008
Name P
EMail
Quiz number Maximum || Score Grader
1 100
‘2 100
3 100|
4 100,
5 100

There are 33 pages in this final, including this one.
Additional pages of tear-off sheets are provided at the end
with duplicate drawings and data. As always, open book,
open notes, open just about everything.



Quiz 1, Question 1, Rules (50 points)

Before swimming in an unknown river, you want to figure out which animals are dangerous. You have a
set of rules and assertions, given below.

Rules:

PO: IF( '(?x) is a mammal'’',
THEN( '(?x) is not a crocodile' ) )
Pl: IF( AND( '(?x) is not a crocodile',
' (?x) lives underwater' ),
THEN( '(?x) is a manatee'
P2: IF( AND( '(?x) is a mammal’',
'(?x) lives underwater' ),
THEN( '(?x) is a hippo' ) )
P3: IF( OR( '(?x) is a crocodile’',
v(2x) 1= & hippp" ).
THEN( '(?x) is dangerous' ) )
P4: IF( '(?x) is not a crocodile’',
THEN( '(?x) is safe' ) )

Assertions:

AOQ: ('Spike is a mammal')

Al: ('Fido is a mammal')

A2: ('"Fido lives underwater')
A3: (*Rover is a crocodile!')



Part A: Forward Chaining (30 points)

You may make the following assumptions about forward chaining:

e Assume rule-ordering conflict resolution

e New assertions are added to the bottom of the dataset

e Ifa particular rule matches assertions in the dataset in more than one way, the matches are
considered in the order corresponding to the top-to-bottom order of the matched assertions. Thus,
if a particular rule has an antecedent that matches both A1 and A2, the match with A1 is
considered first.

Run forward chaining on the rules and assertions provided. For the first two iterations, fill out the
table below, noting the rules matched, fired, and new assertions added to the data set.

Matched Fired New Assertions Added to Data Set

Which animals (Fido, Spike, Rover) are determined to be dangerous?
{ ' |

Which animals (Fido, Spike, Rover) are determined to be safe?

Would changing the order of the rules affect the final decision of which animals are dangerous or
safe?




Part B: Backwards Chaining (20 points)

Make the following assumptions about backwards chaining:

When working on a hypothesis, the backward chainer tries to find a matching assertion in the
dataset. If no matching assertion is found, the backward chainer tries to find a rule with a
matching consequent. In case none are found, then the backward chainer assumes the hypothesis
is false.

The backward chainer never alters the dataset, so it can derive the same result multiple times.
Rules are tried in the order they appear.

Antecedents are tried in the order they appear.

Evaluate the hypothesis 'Spike is dangerous' using backwards chaining. Draw a goal tree in the
space below.

Is Spike dangerous?




Quiz 1, Question 2, Search (50 points)
Part A |

Your 6.034 Tas have invented a new game based on baseball called Blurnsball. As many people know,
baseball is incredibly boring, so to jazz it up, they included several rules variants, including a variant for
running the bases. In Blurnsball, it is legal to run across the pitcher's mound and to the opposite side
(thus making it legal to run from 1% base to the pitcher's mound to 3" base or from 2™ base to the
pitcher's mound to home). They have hired you as a consultant to use 6.034 Search techniques in order
to analyze the new rules variant. See the graph below for a diagram of the new set-up.

Break all ties in lexicographic order, treating the path from start to finish as a
character string. Thus, S-B1-B2-B3 comes before S-B1-P13-B3.
,’//_-_—\\\

B2

// \ (10) / \

~_ S

By a )
—/ e JI

\

N T /
s Y/ s
CONMARNNCY
b ks > ! ReE 2 /

Part A1 (10 points)

The TAs are impatient and demand that you perform a hill-climbing search using the heuristic distances
to the goal, provided in parentheses in the diagram.



What path do you find from the starting node S to the goal node G? Do not test a path to see if it
reaches the goal until that path reaches the front of the search queue.

How many paths do you extend? Be sure to count the path that contains just S.

Part A2 (10 points)

Something seems funky, so Sam suggests a depth-first search.

What path do you find? Do not test a path to see if it reaches the goal until that path reaches the front of
the search queue.

! %

How many paths do you extend? Be sure to count the path that contains just S.

Part A3 (10 points)

Mark is bored by your answer and decides that you should use Beam Search instead to keep the options
from getting too large. Perform beam search with a beam width of 2. Sort after each extension and keep
the two paths with the best heuristic distance.

What path do you find this time? Be sure to use the tie breaker on the previous page in case ties need
breaking.

How many paths do you extend? Be sure to count the path that contains just S.
| |




Part B

Alex has been chatting online for weeks with his new online girlfriend, Eliza. Stephanie and Maria are
skeptical of this “Eliza” and insist that Alex meet with her in person, so when Alex asks Eliza out,
Stephanie and Maria decide to come along to make sure the girlfriend is legit. They have to travel along
the following streets, from S to G, and Alex wants to make sure he's on time to meet Eliza, so he insists
that they take the shortest path.




Part B1 (10 points)

Using Branch and Bound with an Extended List, what is the final path from S to G? Be sure to show
your goal tree for partial credit.

What nodes are in your extended list?




Part B2 (10 points)

Stephanie and Maria each suggest a heuristic:

Stephanie's heuristic:
S—25, A—16, B—3, C—15, D—12, E—0, G—0

Maria's heuristic:
S—4, A—16, B—16, C—15, D—14, E—10, G—0

Which of the following searches will find the same path you found using branch and bound with an
extended list?

Circle those that work; cross out those that do not.

Branch and bound with Stephanie's heuristic and IO extended list.

Branch and bound with Maria's heuristic and IO extended list.

e Branch and bound with Stephanie's heuristic and an extended list (aka A*)

e Branch and bound with Maria's heuristic and an extended list (aka A*)



s

Quiz 2, Question 1, Games (50 points)

You are playing a new Sim game called Obamaquest, the Legend of the Lost International Credibility.
In this game, you play a charismatic incoming president who must make a choice on various issues in
order to save your country. After each of your turns, the outgoing president will attempt to perform the
most meddlesome acts possible to make it less likely that you will succeed. You realize quickly that you
can model this game using a simple Game Tree from 6.034, as shown below.

Static values are shown underneath leaf nodes. Ignore the numbers in parentheses for now.

Max

10



Part A (15 points)

First, you decide to perform a simple minimax algorithm on the tree.
Which direction will the maximizer choose to go at node A?

)

What is the minimax value of node A?

4

Which static evaluations did you perform? (write the nodes you statically evaluated, in order).

]x‘f ng-/ M/ U/ U/ W/ Y/ \/ Z

t/

Part B (25 points)

Minimax was taking too many static evaluations, so you use alpha-beta instead.

This time what direction will the maximizer choose to go at node A?

|

J

Which static evaluations did you perform? (write the nodes you statically evaluated, in order).

| |




Part C (10 points)

The end result is still rather depressing in number of required static evaluations, so you decide to
perform progressive deepening up to the second level and then reorder the tree to try for a more optimal
pruning, using the static values for E,F,G,H,], and J found in parentheses inside each circle. Draw your

new ordering below. YOU need not not draw any of the nodes below E, F,
G,H, 1 and J.

12



Quiz 2, Question 2, Constraints (50 points)

Four 6.034 TAs (Mark, Mike, Rob, Sam) are trying to write eight questions for a final exam
(somewhat like this one):

Constraints
Optimal Search
Games

Rules

ID-Trees
Neural Nets
SVMs
Boosting

90 1 G A U9 ) e

‘Some questions are harder to write than others, so they should be distributed about equally. And some
problems are so similar to others that for variety, we don't want my'th?same TA. This
leads to some constraints: — —--—+—7_
TA(Constraints) != TA(Rules) 4

TA(Boosting) != TA(ID-Trees)

TA(Boosting) = TA(SVMs)

TA(SVMs) != TA(Optimal Search)

TA(SVMs) != TA(Games)

TA(SVMs) = TA(Rules)

TA(SVMs) = TA(Neural Nets)

TA(Neural Nets) != TA(Games)

Also, there are some demands that have to be honored.
e Mike insists on doing Boosting /—. ) [’ |
e Mikewill not do Constraints ~ ~ % -/
e Mark insists on doing Games
e Only Rob and Mike are willing to do SVMs.

e

13



Part A (10 points)

Draw lines between variables with a != constraint, and use the TAs' demands to reduce domains by
crossing out names. Continue to reduce domains using the constraints while possible.

Optimal
Search
Mark Mike
F'{\\b Sam

Constraints

Mark M\nﬁe

Rob Sam

Boosting

Part B (20 points)

Starting with your domains reduced in Part A, find a solution using depth-first search only, using no
constraint propagation , checking constraints at assignments only. Consider TAs in alphabetical order:

Mark, Mike, Rob, Sam. Please feel free to abbreviate unambiguously. Draw your search
tree on the next page.




g
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N
Optimal NN it
Search Mol Mike g he Pxte,]
Mo
(25} {gg
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Games Mas 4 Vey
N e
\ \\\ //L-"(}) f(l‘:
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B G aAN
ID-Trees fﬁl A\ o Som
\
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Neural n'
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Part C (15 points)

You consider two more advanced constraint propagatlon algorithms that
e propagate choices to neighbors only g_. ( ‘
e propagate choices to neighbors-and continue through any domains reduced to size one ?r {"’ /

Do these algorithms find the same result as the DFS? Which domains do these algorithms reduce during
the course of their runs? Circle the answers.

421, neod (o (i
Neighbors only / ‘
Same result as DFS? @ NO
Domains reduced: G G I N S B
[t Gae (el G/L«wp
Neighbors and any domain reduced to size one L nof' V‘eﬁé:“/{f er l.\
]
Same result as DFS? @ NO
Domains reduced: C O G R I N S B
Part D (5 points)

One TA thinks the assignments made in this problem are unfair. Suggest a way to ensure the test
questions are more evenly distributed across the four TAs.

16
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Quiz 3, Question 1, NNand ID trees (50 points)

Part A: Nearest Neighbors

On the following graph, draw the decision boundaries produced by 1-Nearest Neighbor. Ignore
the letters A and B.

6

Density

Hardness

¢ Sedimentary
B Metamorphic

@ Igneous

17



How is Sample A classified by 1-NN?

By 3-NN?

How is Sample B classified by 1-NN?

By 3-NN?

Part B: ID Trees

Using the same data as in Part A, calculate the disorder of the following ID Tree tests. Your answers may
contain logarithms.

Density > 3 |Disorder:

{4 N

Hardness > 3.5 |Disorder:

¥ N

18



Suppose you created the following ID Tree.
Density > 3

Y N

Hardness > 4.5 Hardness > 3.5

Y N Y N

O 2 ® £

Draw the decision boundaries produced by that ID Tree on the graph below.

6

Hardness

19



Quiz 3, Question 2, Neural Nets (50 points)

Part A (21 points)

1
s(z)= and

Consider the following neural net. Note that all the neurons have sigmoid units, It
e

the performance functionis P =—%( s;—d)’

| D e
1

Note that the input to the net is 7 and the outputs of the sigmoid units are s, 5, and s;

Interms of #,w, W, w;1,5,5,5; and d calculate the following partial derivatives:

oP

ow,

opP

ow,

oP _

ow,

Part B (24 points)

Consider the following neural net. There are 100 neurons. All neurons have sigmoid units,
s(z)=

o= and the performance function is PZ—%(Smo—d)z

20



The inputs to the network are i and 7; .The outputs of the sigmoid units in the network are s,

g r2 r1co

ul u2 ul00

s1 52 s100
O
1 w100

w2

At a certain time, ¢, =y and

Fi=Fr= "= =P
Sy =8 ===
U, =u,==u=1
WISW,; =S W = W

0P
Calculate . intermsof y p o w and d .

A 4

21



Part C (S points)

Finally, exhibit an equation that relates o ,

Do not attempt to solve the equation.

p and w .

22



Quiz 4, Question 1, Support Vectors (50 points)

Miriam has a lot of finals. She wants to know how best to use her time, so naturally she collects

some data to train a support vector-machine.

She finds that nine of her friends have already taken the class that her next final is in, so she asks

them how long they spent reviewing for the f_lgg_sj@l exam, how many hours of sleep they got the
night before the final, and what grade they got (A, B, or C). The results appear on this graph:

—— e ——

10
8 B B £
3 ,f\ N \
2 6 B A 5 JW/M“
N
(=]
% ! I\
g 4 A\ o
<
2 C
|
0
0 2

4 6 8 10
Hours of sleep
The problem she runs into is that SVMs can typically only distinguish-two classes, and her data

contains three classes of grades. However, she f' nds a way to make a three class SVM:

Divide the problem among three ordmary, two-clas?SVM classifiers, called ha(x), As(x), and

hC(x) OJ/'(J /ﬂ!‘fﬂl p ;,

Each SVM treats one of the classes (A, B, and C respectively) as +, and treats the other two
classes as —.

The final classifier outputs A, B, or C based on which of the three sub-classifiers outputs the
highest value. For example, if %, outputs-5, Az outputs-3,and A, outputs -2, the

“” overall result should be C. If h, outputs2, h, outputs-1,and /4. outputs -3, the overall

result should be A.

23



Part A (30 points)

The three SVM classifiers are linear, so their output will be defined by the equation
h=w-x+b. On the next three graphs:

-Draw the “street” that separates the data by drawing a dotted line at the # = 0 boundary, and solid lines
ath=1and h=-1.

«Write the values of w and b for that classifier. W j\ " /qow / y u//")! e eqn
!
10 ' Classifier A: iy = wa'x + by
(This classifier separates A's from other grades.)
8 B At A 6 8 ( 6
y L Y
=5¢ |
36 B f—A [ 7 [ ] O O
I3 7
[=]
£ 4 ¢ (cf [ 5() Z“ 5“7
T
5 &) & = | L\ ™ l
? Je ﬂu e
256
0
0 2 4 E 8 10
Hours of sleep
L a Classifier B: hg = wg'x + bp
/ // (This classifier separates B's from other grades.)
. b il A A, / (6
s p Wp = \,< {—3 (//V ;5 mﬂ]ﬂ'f/l]., JU/‘I
2 6-
3 l
5 = 0] I. ] o /
; (, 15
£ »M 3 57
= T i n\w!
Lo, & ] T ¥
C?-r (2
0

0 2 4 6 8 10
Qﬁ’

Hours of sleep

- 24



10 Classifier C: hc = we'x + be
(This classifier separates C's from other grades.)
8 B o [@ /’l /'ff 6
wc = ; ;
2 Ny ¢ \/ £V Lt et -
L6 £ Y/ ’
: 7 I e~ - >
= Y *5 z ()
5] bec=
o ‘. 1A —
3. 4= IV " 0
o
T
r~ -
2 G [ . JI [O L {} \/
ff
i 5c ()
0 2 4

6 8 10 5’
Hours of sleep ’P’ — / }

Part B (6 points) (=7 50 Wlxy L = { {){ 171 (
Al ¢

After running the three SVMs, Miriam's computer needs to determine which class wins(overall.
Remember that this is determined by which classifier outputs the highest value. Qe ¥ / 41y {L
= 4
To determine whether classifier A beats classifier B, one can subtract their equations, glvmg Il‘j Eﬂ ,
new equation in terms of the vector x. Calculate these equations for all pairs of classifiers — this will help W l[
to analyze which classifier wins at each point. — ¥k /

| (oA :L\(al) LB() _‘f' "~ 20 M hnat'
5 = [o]*“ ~( 13 -

[j) » f( [9) +5) < |37
W (12049) = [0 0

25



Part C (8 points)

Draw the boundary lines that separate classes A, B, and C in the final classifier on this graph.

The intent here is HOT for you to have to solve the equations down to the decimal point. We're
looking for a graph that g'raphicallyéhows the correct overall behavior. In fact, if you're trying to find
the point where all three classifiers output the same value, we'll save you the effort by telling you that it
should be at 3.8 hours of sleep and 6.2 hours of review. —

o N ’
-1 ¢’W”WZ dhrk d/ww{oﬂ“"

\\0\r°~ "1 10
A dt
R, s
0 W 8
GB_J 6 A
>
o
©
£ 4
o
b
2 C
| / N
{\Qw‘ )f("'l 19 ‘ﬁm‘}}\ fcv f,’:
o/

0 2 4 6 8 10

Hours of sleep
-7 i \
Part D (6 pojnts T don'F et te munys shit

Describe a way in which the behavior of your classifier is counterintuitive, given the meaning of the

input data? peg

Y
T He of cleer h moes fon  fo( a 9 oo k’%
T ﬁ: ;\fS aé muig,, Iﬂr‘i)ﬁ @T*
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Quiz 4, Question 2, Boosting(50 points)

You want to use your cell phone to detect whether you are indoors or outdoors. You use the number of
bars of reception (R) and your GPS signal quality (G) as features. Here's the data you gather:

_ s o N, -
a e
=T
2 ®;
)
g @ .
—

Part A (10 points)

You want to choose a learning algorithm for this data. Circle all the algorithms that can learn this data
with zero training error:

Wst @ Linear SVM M \/

RBF = Radial basis function, the exponential kernel; you can choose the RBF's o.

27
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Part B (10 points)

You decide to train AdaBoost using these stumps:

hy(G,R) = sign(1.5-G) /
ha(G,R) = sign(G — 3.5) ' M |
hs(G,R) = sign(4.5 — G) ¢ W

h«(G,R) = sign(R — 2.5) v
hs(G,R) = sign(R —4.5)

For each stump, draw the line and cui;le the misclassified data points.

\ovt O 4

; Fi
0h \M* W‘j( [ ¢

%L
-
2
| ] \/7 i “ﬁ/?f 7 A

_ore - @ e

3N e < M ! € o @ ,

5 sl P s8I
— — : — .
0 ZLJ 2 3 4 5 o 1 3745 2 2

GPS (G) , GPS, (G) GPS (G)
ﬁ Qu\]
\
l | | B AAN YN
oLl sl | Lo meto
o ’fi\ . = 9-:’"‘-' —
s 1Y 3. s T 3
B 1 SR
g Q1 | z
0T 2 3 45 o w  a

GPS (G) GPS (G)




Part C (30 points) ((J/m p]'fﬂ'j{({

Starting with all weights set to 1/7, run AdaBoost for three rounds. For each round, give the classifier
you chose and its error. Also give the final AdaBoost classifier and its error rate. (You don't need to

give weights or alphas, but they'll help us give you partial credit.) Break ties by preferring low-
numbered stumps.

hy(G,R) = @)\/
=

(,()((P(f‘l /7, W l_

=)
1 (7

won- T3
&= A {/4 /

,/"i:

0 (
the )

e Ote (e (

\‘\\\\\f\ow &"d ﬂ’“‘] (d(]/\L ?Lt\‘(/r[l
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Quiz S, Problem 1, (25 points)

Tired of searching for a new president every 10-15 years, the MIT corporation decides to elect a

permanent, hereditary monarch. Times are tough, so they are overwhelmed with applicants and decide
to hire you to create a kind of filter to reduce the candidate set to a manageable number.

Your first task is to pick some descriptors. You decide to look at intelligence, field, group memberships
(if any) , and gender. Men an women form a set. Fields are grouped as at MIT: EE and MechE are part

of engineering, Physics and Math are part of science, and XV is part of management. Engineering,
science, management, architecture, and humanities are “MIT-type fields.”

Usin@g,%éicatg in the tabel what is learned from each example and identify the heuristic
y

involve name, if known. If nothing is learn, put an x in the corresponding 2 columns.
Part A (18 points)

Candidate Intelligent | Field Member of |Gender |Heuristic |What is learned
Good Yes EE Woman

Bad No EE Woman

Bad Yes EE Anarchists | Woman

Good Yes MechE Woman

Good Yes MechE Man

Good Yes Physics Man

Good Yes Math Man

Bad No XV Man

Bad Yes XV Anarchists | Woman

Part B (7 points)

Exhibit an example, which if used as the second example, would teach two characteristics at once.

Candidate Intelligent | Field

Member of

Gender

What is learned

30




Quiz 5, Problem 2, (25 points)

Circle the best answer for each of the following question. There is no penalty for wrong answers, se-it

pays to

guess in the absence of knowledge.

Experiments with the newly sighted ¢hildren indicate that they have difficulty with

el el

Naming colors

Recognizing objects that are moving
Recognizing objects while the child is moving
Recognizing overlapping objects

None of the above

A newly sighted child, presented with a picture of a ball and a picture of a cube will

DL

Readily identify which is which
Think they are both the same
Think they are both balls

Not know which is which

None of the above

A newly sighted child will have trouble recognizing a triangle if

D

The triangle is seen against a background of short black lines
It is a filled with black, not just three black lines

Only three black lines are shown, with no fill

The triangle is seen between a circle and a square

None of the above

Experiments with newly sighted children suggest the key to visual bootstrapping is

s

Cooperation between vision and sound systems

Use of color in figure-ground separation

Restricted motion of Infants during the first few months of life
Clues provided by the visual motion detection system

None of the above

Human children...

O DB e

Like cats, cannot have vision usefully restored if sightless beyond a critical period
Like cats, have trouble tracking moving objects if sightless beyond a criical period
Prefer to remain blind if sightless beyond a critical period

Cannot identfy geometric figures on a computer screen

None of the above
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Quiz 5, Problem 3, (25 points)

Circle the best answer for each of the following question. There is no penalty for wrong answers, so it

T gays te guess in the absence of knowledge.

——‘—‘_—'—‘—‘
Disorientation experiments with rats, chilaren; and-adults demonstrate

Rats will not move in the presence of loud rock music

Children that behave like rats do not spontaneously use words like left and right

Rats and infants do not have full-spectrum color vision

Neither small children nor adults cannot reorient themselves if severely sleep derprived
None of the above

Do

Chomsky believes the great differentiator between modern humans and humans 100,000 years ago is

Improved mitochondria
Improved memory

Improved hand-eye coordination
Ability to plan

None of the above

ogs e

Brooks subsumption architecture is best described as

A demonstration of the importance of reasoning and planning in robot activity

An approach demonstrated by a robot that collected beer cans on cape-cod beaches

An approach to building robots focused on tightly coupled loops between vision and language
An idea reminiscent of the notion of abstraction layers in programming methodology

None of the above

LA B LR R e

Winston believes that to develop an account of human intelligence we must

Find new ways to exploit the SOAR architectural paradigm

Build systems that acquire permanent knowledge from visual experiences
Collect commonsense knowledge using volunteers contributing via the web
Focus for the time being on what insects can do

None of the above

AW N

The General Problem Solver Architecture

Is a general purpose architecture that unifies reasoning and perception

Is a special purpose architecture limited to proving theorems in first order logic
Uses a means-ends approach to operator selection

Gets stuck if a selected operator cannot be applied in the current state

None of the above

o o B e



~ Quiz 5, Problem 4, (25 points)

Coen's method

1. Uses boosting to make clusters

2. Uses a neural net to make clusters

3. Uses subsumption to make clusters

4. Uses cross modal coupling to make clusters
5. None of the above

Coen's method

1. Explains why Zebra Finches use a mating song

2. Enables a program to learn to sing a Zebra Finch's mating song

3. Enables a program to learn to to recognize a Zebra Finch's mating song

4. Enables a program to recognize the mating song of particular Zebra Finches
5. None of the above

In Coen's method

e Two clusters are close if they are close in a Euclidian sense

e Two clusters are not close if they are not close in a Euclidian sense

e Two clusters are close if they project proportionately to clusters in another space
e Two clusters are not close if they have different shapes

e None of the above

Coen's method

1. Works well with any distance metric

2. Works well only with the Wasserstein distance metric

3. Works well only when the number of clusters is known in advance
4. Works well only when there are two or three clusters

5. None of the above

Coen's method

Works well only if corresponding points in two spaces are provided
Works well only if all the points in at lest one cluster are close together
Works well only if there is no noise

Works well only with labeled data

None of the above

bl o Sl
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Name

email

6.034 Final Examination

December 16, 2009

Circle your TA and principle recitation instructor so that we can more easily identify
with whom you have studied:

Erica Cooper Matthew Peairs Mark Seifter
Yuan Shen Jeremy Smith Olga Wichrowska
Robert Berwick Randall Davis Gregory Martin

Indicate the approximate percent of the lectures, mega recitations, recitations, and tutorials you have
attended so that we can better gauge their correlation with quiz and final performance. Your answers
have no effect on your grade.

Lectures

I

Recitations

Megas

Tutorials

Percent attended

Quiz Score

Grader

Ql

Q2

Q3

Q4

Q5

There are 38 pages in this final examination, including this one. In addition, tear-
off sheets are provided at the end with duplicate drawings and data. As always,
open book, open notes, open just about everything.




Quiz 1, Problem 1, Rules (50 points)

The administration, worried about the social habits of its students, agrees to finance cross-school-
mixers. The 034 TA's decide to fly to England and mix with the students at Hogwarts School of
Witchcraft and Wizardry. A merry old time ensues, but the morning after, due to an accidental
confundo charm (and perhaps also a large consumption of butterbeer), no one can remember the events
that transpired. The 034 staff, in an attempt to show off the power of Muggle logic, promise they can
piece together the important events with a rule based system.

Using their keen sense of logic, Matt, Erica, and Mark are able to piece together the following rules:

RULES:
RO : IF (?7X) goes to MIT,
THEN (?X) is a muggle,
(?X) consumed butterbeer

RI: IF (?X) made math jokes AND
(?X) consumed butterbeer
THEN (?X) was transfigured into a porcupine

R2: IF (?Y) fancies (?X) AND
(?X) fancies (?Y) AND
(?Y) is a muggle
THEN (?X) snogged (?Y)

R3: IF (?X) fancies (?Y) AND
(?X) made math jokes,
THEN (?Y) fancies (?X)

R4:TF (?X) made math jokes
THEN (?X) goes to MIT

You start with the following list of assertions which is all you have to go on.

ASSERTIONS:

AO0: Olga made math jokes

Al: Yuan goes to MIT

A2: Jeremy made math jokes

A3: Hermione consumed butterbeer
A4: Jeremy fancies Hermione



Part A: Forward Chaining (24 points)

Run forward chaining on the rules and assertions provided for the first 5 iterations. For the first
two iterations, fill out the first two rows in the table below, noting the rules whose antecedents match
the data, the rule that fires, and the new assertions that are added by the rule. For the remainder, supply
only the fired rules and new assertions. As usual, break ties using the earliest rule on the list that
matches. If the earliest rule matches more than once, break ties by assertion order.

Matched Fired New assertions added to database




Part B: Backward Chaining (26 points)

Ron Weasley claims that Hermione snogged Jeremy. Use backward chaining to determine if this event
occurred. Draw the goal tree for this statement. Partial credit will be given for partial completion of
the goal tree.

Hermione snogged Jeremy

Is the claim that Hermione snogged Jeremy true?




Quiz 1, Problem 2: Search (50 points)

Aliens have invaded the MIT campus, thinking that the Stata Center was their mothership. Despite
their realization that it was not, they went ahead with their invasion plan anyway. Advanced alien
technology has disabled use of phones and internet, so you and your friends decide to go across the
river to Boston to get help and to tell everyone what’s going on. You decide to use the secret
underground network of tunnels underneath the campus to get from your starting location at S, to the
subway station at T.

You have the above graph of the underground tunnels. The edges are labeled with distances, and the

nodes are labeled with a heuristic estimate to your destination at T. When performing search, ties are
broken by choosing the node that is alphabetically first.

Note that node G is not the goal node in this problem.



Part A: Depth-First Search. (15 points)

Al: You first attempt to pick your route using Depth-first search with an extended list. Draw your
search tree:

Also, show your extended list at the time your search terminates:

A2: What is the final path that is found using depth-first search?




Part B: Beam Search (15 Points)

1.31: Next, you try to pick your route using Beam Search with a beam width of 2, using an extended
list. In the event of a tie, use the alphabetical order of the final node on the contending partial paths.
Draw your search tree:

Also, show your extended list at the time your search terminates:

B2: What is the route found using beam search?




Part C: Branch and Bound (20 Points)

C1: Lastly, you try to plan your route using Branch and Bound using the path lengths indicated on
the graph and also using an extended list. Draw your search tree and extended list below:

Also, show your extended list at the time your search terminates:

C2: What is the route found using branch and bound?

[

C3: If you repeat the search using the A* algorithm with the heuristic values indicated on the
graph, will you find the same route? Include a brief explanation of why or why not.




Quiz 2 Problem 1: Games (50 points)

- (A),

OGN ONNG)
NAICYOGROROICKSRO
-H OO OO @

A: Using minimax only, no alpha-beta,, indicate the values of the following nodes. (10 pts)

A= 6 G= |0

B= | = (."ﬁ

c= 3 k= 4

b= G M= | |

E= | - / |

B: Using minimax only, what is the best next move from A? (Indicate a letter) (4 pts)
T y,

D 7 |




= (»
@ o O &
w@O ® O @O @ O
"~ OO OO @

C: Trace the steps of Alpha beta pruning on the same tree above. Note that alpha, betas are updated
before pruning occurs, if in doubt consult the reference implementation given on the tear-off sheet.
List the leaf nodes in the order that they are statically evaluated. (10 pts)

What are the final Alpha Beta values at node E (4pts)

Alpha = Beta =

What are the final Alpha Beta values at node A (4pts)

Alpha = Beta =

10



D: For a full binary tree (branching factor = 2) of depth 3 (4 layers of nodes including the layer with

the root node, 8 nodes in the bottom layer), with the root node being a MAX node, what is the fraction

of leaf nodes that are statically evaluated under alpha beta pruning under conditions of maximum
runing? (11 pts)

Use the space below to show your work:

E: For a given depth, d, does the fraction requested in part D increase, decrease, or stay the same with
increasing b. Circle your answer (7 pts)

Increase
Decrease

Stay the same

Explain:

11



Quiz 2, Problem 2:
Constraint Propagation (50 Points)

Important note: there is no search in this problem, only
constraint propagation.

On the newly colonized planet Mars, cities consist of pressurized domes connected by a series of tubes.
Each dome is designated for a specific type of use, and there are some restrictions on what sorts of
domes can be connected to each other:
1. AResidential dome can only be connected to another Residential dome, a Commercial dome,
or a Park. ST
2. A Commercial dome can only be connected to a Remdentlal dome another Commercial dome,
or an Industrial dome.
3. An Industrial dome can only be connected to a Commercial dome or another Industrial dome. - {7
4. APark can only be connected to a Residential dome.
You decide to use constraint propagation to design a new Martian city. You begin with the following
partially completed plan, with some domes already designated and their nelghbormg domams reduced

accordingly:
&




Part A (12 points)

You decide to begin by designating Dome #10 as Industrial. Using forward checking (no propagation
beyond the neighbors of the just-assigned variable), show how the domains of the city's domes are
reduced by crossing out the appropriate letters in the map below:

o2l

13



Part B (12 points)

Next, show how the domains are reduced if you designate Dome #10 as Industrial, and then propagate
constraints using forward checking and propagation through singleton domains.

14



Part C (12 points)

Finally, show how the domains are reduced if you designate Dome #10 as Industrial, and then

propagate constraints using forward checking and propagatimn/_’__tgmjgh_alluduud | domains.
5

15



Part D (14 points)

Yuan says that you are right to pick a dome type for Dome #10 first, but Olga advises you to start with
Dome #2 instead. What is the reasoning behind each of these suggestions?

n{ ‘4.- {
A T-‘!f (

(G abit w| st ottt
Yuan: ) .
éJfal 1L V“/ mgy? (or b;f,.e;',{},z..i(( /
Olga: ‘ ,
gh{ I .""”/ (”’v} fipia ) ‘/émﬂ,”&)lf Jomayy -
16 \/T]\ML w0 VY

tasy (f pfo))léml(

)



Quiz 3, Problem 1:
KNN & ID-Trees (50 points)

The Mario Bros. have hired you to help them identify potential dangers during their frequent
expeditions to explore strange new worlds, battle evil monsters, and attempt to rescue some princesses.

Part A: Nearest Neighbors (20 Points)

You decide to use Nearest Neighbors to classify new creatures that Mario might encounter, based on
their positions on a map. In the map, friendly creatures are marked with a square, and enemies are
marked with monster icons.

Al (12 points): On the following graph, draw the decision boundaries produced by 1-nearest-
neighbors.

. B Friend
£ Enemy
+—- @
O
g fiét*; & 2 ¥
- :
S

e
r
&

17



A2 (8 points): The graph below shows two new creatures, marked with a question mark symbolsand
labeled A and B. Show how these will be classified using 3-nearest-neighbors and 5-nearest-neighbors
below.

B Friend
- & Enemy
Unclassified
._.WEQ“B“"“@
T
| | S
A
Ay
o

D
r
oy

| ngature A ‘HCreature B

Using3NN: | | |

‘Using 5 NN: H |L l




Part B: ID-Trees (30 Points)

It turns out that enemies move around the world, so a simple K-Nearest-Neighbors on their location
won't do a very good job of protecting Mario. Instead, you decide to use an Identification Tree, based
on some characteristics of the creatures in this world, to classify creatures as Enemies (Enemy=Y) and
Friends (Enemy=N). The other 5 characteristics you note are in the table below.

Character |[Enemy? |Talks? ||Boss? |Annoying? Killable with Jump? ]
Allroshi N v NN N |
B [Tree N N NN N |
Cluig T 8 N N N i |
D | Toad N y [N [N N ]
B N v v |y N
[ Bowser ‘Y “N (Y “N HN
G |Bob-omb Iy N NN Y
H|Goomba |y [N N N s
I |piranha [y N Ny N
J pryBones |y N Ny N
K g;:ﬁp Y N N |y N
E Thwomp HY N HN l Y N J
N A I I N |
ﬂ Koaph Y N HN Y Y I

Troopa I

B1 (8 points): What is the disorder of the test "Boss = Y"? Leave your answer in terms of fractions,
real numbers, and logarithms.

19



B2 (7 points): What is the disorder of the test ""Annoying =Y"? Leave your answer in terms of
fractions, real numbers, and logarithms.

B3 (15 points): Draw the disorder minimizing identification tree Mario can use to correctly

decide whether any of the above examples is an enemy (Enemy=Y) or friend (Enemy=N). Use the
letters provided next to characters' names to show how the characters are separated by each decision.

Hint: neither Boss nor Annoying are the first test.

20



Quiz 3, Problem 2:
Neural Nets (50 points)

Hermione Granger decides to spend a semester abroad at MIT for her Muggle Studies class. Upon
arriving, Hermione befriends the coolest people on campus. The 034 staff, over a festive round of
Butter Beer, then teach Hermione about neural nets. She decides to practice.

Note that the tear off sheets include the neural net tear-off sheet from Quiz 3.

Hermione creates the above neural net. Each node uses a standard sigmoid function. All threshold units
have fixed weights of 1. They are never updated.

21



Part A: (12 Points)

For each node (A, B, C, and D), using only the weight variables provided in the diagram, d (desired
output), and the outputs of each node (Oa, Og, Oc, and Op), determine Oa, Os, B¢, and Op.

Part B: (12 Points)

Hermione, as an intellectual exercise, runs the neural net with the following parameters:

X=0.5 Y=0 Z=5 Wxa=2
WYA= 2 WYB= 1 ch= 0.2 WAD"_‘ 1
WBD= 1.5 WCD='1

Determine the output for each node (O, Og, Oc, and Op). Approximate sigmoid(x) very simply by

letting it evaluate to 0 for x <-50 and 1 for x > 50.
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Part C: (18 Points)

Run back-propagation using these same parameter values for one iteration to determine new weight
values for Wap , Wap, and Wep, Use your results from Part A and Part B, and assume a learning rate of
r =2 and a desired output, d=1.

Part D: (8 Points)

Hermione changes all the decision functions in the original network, before training, from using a
sigmoid function to using a threshold function (which outputs 1 if the input is greater than 0, and
outputs 0 otherwise).

Using X, Y, and Z and the standard logical operators (AND, NOT, and OR), determine a logic
expression for the neural net. Assume that the inputs are always 0 (meaning false) or 1 (meaning true).
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Quiz 4, Problem 1: SVMs (50 points)

Part A: F.R.O.S.T. and the Snowmen (25 Points)

You have been hired by the Foundation for Research into Occult Snow Transformations (F.R.0.S.T.) to
investigate a strange new phenomenon. It seems that certain snowmen can be turned into living, talking
creatures when an old silk hat is placed on their heads. So far, F.R.O.S.T. researchers have determined
that the factors that best predict whetheta particular snowman can be thus transformed are the
snowman's height and the number of coal buttons on its chest. Their preliminary data is below: each
“+ represents a magical talking snowman, and each “~” represents an ordinary, non-transforming
snowman. )%

height (in feet)

e 7 (T T U

# of coal buttons

Al (5 points): You decide to use a linear SVM to classify magical vs. non-magical snowmen. Draw
the resulting decision boundary in the graph above, and circle the support vectors.
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N
A2(10 points): In this SVM, what is the vectorwand the constant b?
< / Dot
O\%é(’ &2 19 Ll “)J/ 5 ¢ J&»«‘*Lﬁ’@m( b
g (s A - S o vy
. 26 [ *7’(?9’ “*’
‘,n?ﬁﬁl’ 50 ><+7 ?70[] CEN Ik’w

5’}}}“( (5 tHdhegs 01 o e le""79 W{ X/ TV’L ’“b \‘—W ” *I 4"”’

A3 (10 pomts) Suppose the F.R.O.S.T. scientists discover another magical, talking snowman that is

.._

b . ot . five feet tall and has six coal buttons on his chest. What would the a value of this new data point be?
' Justify your answer.

0
Not a SV L/
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Kernels (25 Points)
In this section, you will project the data below into a new space with ¢(u)

Part B

<| %1 - X2 | >. That is, you

project the two-dimensional vector u into a one-dimensional vector in a one-dimensional space.

IIIIIII

IIIIIII

e

e e i

iiiiiiiiiii

B1 (7 points): What is the kernel function K(u,v) for this transformation?
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B3 (10 points): In the transformed space, what is the vector w and the constant b?

B2 (8 points): What is the final classifier produced. Express your answer in the original space, not the
transformed space.

27



Quiz 4, Problem 2:
Bayesian Inference (50 points)

0/ 0.02

1| 0.99

0.01
0.98

-0

w1 ()

Zombies once again threaten the town, but this time the healthy folks are
using science to help keep themselves on a brain-free diet!

When someone first becomes a zombie, their zombieness is latent for a
while, as the transformation slowly progresses, but successful isolation at
this stage is critical for avoiding new zombie infections.

New zombies quickly begin to produce a protein R that one can easily test
for. One percent of infected individuals do not produce protein R (or
perhaps just not yet), while protein R has been found in two percent of
subjects who turned out not to have turned into zombies later,.

The test is 98% sensitive to the presence of the protein, and 99% specific to
it, as shown in the Bayes Net on the left.

A (9 points) To make things a little simpler for the general population to understand, you want to give
information in terms of how sensitive and specific the test is to zombiehood, not to the protein:

Show your work for partial credit:

B (6 points) Of 100 townfolk, how many will test positive:

C (6 points) ...and how many healthy ones will test positive:

D (6 points) What is the overall accuracy of the test? (the probability that it predicts correctly)
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E (5 points) A visitor, Ulric, was tested upsii entering the town, and had a positive result. Ulric insists
that he is healthy, and hasn't come aitywhere near any zombies. To be sure, the guards decide to test
him again. What assumption(s) are the guards making about the disease and the testing process?

F (5 points) Victor and Wendy both arrive from Brainton, where Ulric came from too, and they both
test positive, though they appear quite healthy. Ulric is doing fine in quarantine. The town scientists
begin to consider two alternate hypotheses. Both of the alternate hypotheses allow being from Brainton
(indicated with B) to explain away a positive test result. Both of the models extend the original three-
node model with just the one extra node B. Draw the two possible models they should consider.

Draw only the new node B and its edges — you do not need conditional probability tables (yet):

Alternate Model A Alternate Model B

20



Despite two positive test results each, Ulric, Victor, and Wendy all turn out to be healthy. An
expedition to (apparently zombie-free) Brainton revealed that 80% of its

population test positive using your town's test. One of the alternate models is-very
likely! '

G (6 points)
Assume that you think a model whose Bayes Net representation has k+1 parameters is about half as

likely a priori as a model with k parameters, unless k = 0, in which case assume that the model
probability is some constant, c.

How likely is the original (three variable) model, a priori?

How likely are each of the models you drew, a priori?
Alternate Model A Alternate Model B

H (7 points)
To rule out your original model entirely, you decide that an alternate model has to explain the data not
just better, but at least 100 times better than the original model does.

Was the expedition necessary to rule out the original model, or did we know enough once we knew the
three visitors were actually healthy, despite the tests?

Circle one: Needed the Expedition Ulric, Victor, and Wendy were enough

Explain, stating any assumptions you need to make:




Quiz 5, Problem 1, (40 points)

You have made it. You have graduated, started a thriving company, found a spouse, got a home in the
suburbs, children. Now it is time to get a dog. Knowing nothing about dogs yourself, you ask a dog-
loving, but inarticulate friend to characterize a series of dogs as Good or Bad. You hope to learn from
your friend's characterizations.

Your first task is to pick some descriptors. You decide to look at intelligence, breed, exceptional
characteristics, and gender. Male and female form a set. Yes and no form a set. Breeds are the leaves
of a tree and form groups specified by the American Kennel Club: Bouvier and Collie are part of the
Herding group, Beagle and Dachshund are part of the Hound group, and Chihuahua is part of the Toy
group. H}r;din Hound, Toy, Working, and Sporting all belong to the Recognized Dog category.

Using/Arch lea ng, indicate in the table what is learned from each example and identify the heuristic
involved by mdme, if known. If nothing is learned, put an X in the corresponding 2 columns.
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Part A (32 points)

Candidate |Gender Breed Exceptional |Intelligent |Heuristic What is learned
Quality

Good Male Bouvier Yes
Bad Female Bouvier Yes
Bad Male Bouvier Nasty Yes
Good Male Collie Yes
Good Male Collie No
Good Male Beagle No
Good Male Dachshund No
Bad Female Chihuahua No
Bad Male Chihuahua |Nasty Yes
Part B (8 points)

Exhibit an example, which if used as the second example, would teach two characteristics at once.

Candidate

Gender

Breed

Exceptional quality

Intelligent
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Quiz 5, Problem 2, (21 points)

President Hockfield, eager to understand student dining preferences, decides to collect information in a
self-organizing map. She starts by constructing some classification trees on a paper napkin. As you
can see, she views students from the perspective of departments, such as EE, MechE, Physics, and XV:

Everybody\ Actions

i i Sci \ Management / l \
;tgm\emng cience \9 et Drink  Study Sleep

EE  MechE Physics Xv

Consumables

/

Food
/ N Alcoholic Non al coholic

Junk Expen\sive / \ \

/ \ Beer Burgundy 0J

Pizza Nachos Caviar

Drink

Next, she develops an initial map with three relations:

Map element ‘ Subject ‘ Relation | Object
1 EE  Bas Pizza

2 XV |Eats Caviar

13 'MechE ‘ Drinks ' Alcoholic beverage

Note that in this map, there is no concept of neighboring cell. She has decided to put that off for a
while. Accordingly, each adjustment to the map alters only that cell judged closest to the new relation

flowing into the map.



Part A

Now, President Hockfield observes the following:

Subject Relation Object

MechE Eats Nachos

Not fully remembering Professor Winston's lecture, she asks you to adjust the map to accommodate this
information using the classification trees and edit distance (number of up and down steps in the
classification tree needed to go from one combination to the other) to determine which element to
change. You don't quite remember how to change the selected element, but fortunately, you took a
photograph of Professor Winston's practice board:

If sample object classification extends map object classification

Then extend map classification object by one class

Else if sample object classification and map object classification are the same
Then do nothing

Else trim map object classification by one class

To save time, do not bother copying in any information that remains unchanged.

Map element Subject Relation Object

1

2

3
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Part B

Repeat with the following observation. Note that any change you made in Part A is to be carried into

this part:

Subject

Relation

Object

EER

Drinks

Beer

Again, you need only enter the changed row. You need not write in any row that remains the same after
the work you did in Part A.

Map element

Subject

Relation

Object

1

2

3

Part C

Repeat with the following observation. Note that any changes you made in previous parts are to be

carried into this part:

Subject

Relation

Object

Management

Drinks

Burgundy

Again, you need only enter the changed row. You need not write in any row that remains the same after
the work you did in previous parts.

Map element

Subject

Relation

Object

1

2

3
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Quiz 5, Problem 3, (15 points)

A: A Japanese Haiku is a poem that consists of 17 syllables arranged in 3 lines of 5, 7, and 5 syllables.
These are very popular, so a publishing house has asked you to develop a system that can generate good
ones automatically.

The syllables are drawn from the approximately 50 syllables that are found in Japanese.

James, who dropped 6.034 early in the term suggests that you just generate all possible Haikus and
hand them to a panel of judges who will pick the best.

Part A (12 points)

Determine how long it would take to calculate all possible Haikus given a computer that produces one
Haiku per nanosecond. So you won't think you need a calculator, you may make the following
approximations:

50=32, 17=16,and 1024 = 1000, and seconds/year = 10’

Part B (3 points)

Is James suggestion practical? Circle your answer

Yes No



Quiz S, Problem 4, (24 points)

Circle the best answer for each of the following question. There is no penalty for wrong answers, so it
pays to guess in the absence of knowledge.

Genetic algorithms, without crossover, is best described as a kind of

Instance of General Problem Solver architecture
Instance of subsumption architecture

Instance of SOAR architecture

Hill climbing search

None of the above

Qo

Crossover is best described as

A product of means-ends analysis

A product of an abstraction barrier

A label for the strange mating behavior of Zebra Finches
A means to escape local maxima in a search space

None of the above

LIV R b

The SOAR architecture is best described as

A programming language

A descendant of the General Problem Solver architecture
An amalgam of several ideas

The design philosophy that led to the Stata center

None of the above

il el

The Genesis architecture (Winston's research focus) is best described as

A search for a universal representation

A commitment to reasoning as the distinguishing feature of human intelligence

A search for principles that explain the intelligence of non human primates

A demonstration that natural language has little or no role in explaining human intelligence
None of the above

Yok b=
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Minsky's Emotion Machine/Society of Mind architecture is best described as

Focused on explaining visual problem solving

Focused on reasoning on multiple levels

A commitment to the idea that language is the differentiating feature of human intelligence
A commitment to the idea that culture is reflected in the myths associated with the culture
None of the above

o b =

Intermediate features and the Goldilocks principle is best explained as

The observation that eyes are too small and faces are too large

The observation that trajectories are too small and transitions are too large

The observation that cultures are defined by their fairy tales

The observation that the intelligence of a songbird lies half way between insects and humans
None of the above

o b o I e



Tear off sheets—you need not hand in the tear off sheets

QIPI

RULES:
RO : IF (?X) goes to MIT,
THEN (?X) is a muggle,
(?X) consumed butterbeer

R1: IF (?X) made math jokes AND
(?X) consumed butterbeer
THEN (?X) was transfigured into a porcupine

R2: IF (?Y) fancies (?X) AND
(?X) fancies (?Y) AND
(7Y) is a muggle
THEN (?X) snogged (7Y)

R3: IF (?X) fancies (7Y) AND
(?X) made math jokes,
THEN (?Y) fancies (?X)

R4: IF (?X) made math jokes
THEN (7X) goes to MIT

You start with the following list of assertions which is all you have to go on.

ASSERTIONS:

A0: Olga made math jokes

Al: Yuan goes to MIT

A2: Jeremy made math jokes

A3: Hermione consumed butterbeer
A4: Jeremy fancies Hermione
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Q3P1

]

A

L

=

(2 EIECF EEEREEE )]

’Character “Enemy? H’I‘alks? Boss? HAnnoying? Killable with Jump?
Yoshi IN N NN N
Tree N N NN N
Luigi N N N [N N
Toad N Y N N N
Peach N e R N
Bowser YN __|v__|n X
Bob-omb }Y ”N N N b
Goomba |Y N NN Y
Piranha  |Y N Ny N
@ry Bones |Y ”N——| N HY HN
= v vy N
‘Thwomp b'§ HN N Y ”N
Boo NNy N
Kaopa Y N N Y Y
Troopa
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Q4P1

Q3P2
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Q3pP2

Ty

=35

Y., S

Neural net update:

1 5
E=3 Y lox—dy)?
P

Wimyj =Wisj — B
Aw;_.j =R x o X 5.-,

where R is a rare constant and the &5 are computed with the following formulas:

where

O
dy

oy
oy,

44

8y =04(1 — 04) X (0 — dy)

51‘ uodl --o,.lxz:u,-_.,- x&,,
i

is output & of the output layer

is the desired outpur & of the outpurt layer

is a delra associated with the output layer

is ourput i of left layer in a lefr-right pair

is a delta associared with the layer !

is a delta associated with the adjacent layer to the righr, layer »

25
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Name

email

6.034 Final Examination

December 15, 2010

Circle your TA and principle recitation instructor so that we can more easily identify

with whom you have studied:

Martin Couturier Kenny Donahue Gleb Kuznetsov
Kendra Pugh Mark Seifter Yuan Shen
Robert Berwick Randall Davis Lisa Fisher

Indicate the approximate percent of the lectures, mega recitations, recitations, and
tutorials you have attended so that we can better gauge their correlation with quiz
and final performance and with attendance after OCW video goes on line. Your

answers have no effect on your grade.

Lectures

[. Recitations

Megas

Tutorials

Percent attended

Quiz Score

Grader

Ql

Q2

Q3

Q4

Q5

There are 48 pages in this final examination, including this one. In addition, tear-
off sheets are provided at the end with duplicate drawings and data. As always,
open book, open notes, open just about everything.




Quiz 1, Problem 1, Rule Systems (50 points)

Kenny has designed two suits for the Soldier Design Competition, and he and Martin like to grapple in
the prototypes on Kresge Oval.

Kendra insists the suits qualify as “deadly weapons” and Kenny should give them to her for
safekeeping.

Kenny and Martin insist that they are examples of an “enhanced prosthesis” and that they
should be able to keep them
The TAs decide to use Rule-Based Systems to resolve their dispute.

Rules:

PO |IF (AND ('(?x) is a Crazy Physicist',
'(?x) is an Engineer")
THEN ('(?x) builds a Weaponized Suit') )

P1 |IF ('(?y)'s (?x) is Cardinal Red'
THEN ('(?y)'s (?x) is not US Govt. Property') )

P2 |IF (OR (AND ('(?y) is an Engineer',
'(?y)'s (?x) is Really Heavy"),
'(?y)'s (?x) is stolen by the Air Force')
THEN ('(?y)'s (?x) is a Deadly Weapon') )

P3 | IF (OR ('(?y) is not evil',
'(?y) is a Roboticist')
THEN ('(?y)'s suit research is not Evil') )

P4 | IF (AND ('(?y)'s (?x) research is not Evil',
'(?y)'s (?x) is not US Govt. Property')
THEN ('(?y)'s (?x) is an Enhanced Prosthesis') )

Assertions:

AO0: (Kenny is a Roboticist)

A1: (Martin is an Engineer)

A2: (Kenny's suit is Cardinal Red)
A3: (Martin's suit is Really Heavy)



Part A: Backward Chaining (30 points)

Make the following assumptions about backward chaining:

+ The backward chainer tries to find a matching assertion in the list of assertions. If no matching
assertion is found, the backward chainer tries to find a rule with a matching consequent. In case
none are found, then the backward chainer assumes the hypothesis is false.

The backward chainer never alters the list of assertions; it never derives the same result twice.

« Rules are tried in the order they appear.

- Antecedents are tried in the order they appear.

Simulate backward chaining with the hypothesis

Kenny's suit is an enhanced prosthesis

Write all the hypotheses the backward chainer looks for in the database in the order that the hypotheses
are looked for. The table has more lines than you need. We recommend that you use the space
provided on the next page to draw the goal tree that would be created by backward chaining from this
hypothesis. The goal tree will help us to assign partial credit in the event you have mistakes on the
list.

1 Kenny's suit is an enhanced prosthesis

10




Draw Goal Tree Here for Partial Credit



Part B: Forward Chaining (20 points)
Let's say, instead, our assertions list looked like this:

A0:  Gleb is an Engineer
Al:  Gleb's laptop is Really Heavy
A2:  Gleb's suit is Really Heavy

B1 (4 points)
CIRCLE any and all rules that match in the first iteration of forward chaining
PO Pl Pl P3 P4

B2 (4 points)

What assertion(s) are added or deleted from the database, as a consequence of this iteration?

B3 (4 points)
CIRCLE any and all rules that match in the second iteration of forward chaining

PO P1 P2 P3 P4
B4 (4 points)

What assertion(s) are added or deleted from the database, as a consequence of this iteration?

BS (4 points)
You take the same assertions as at the beginning of problem B, above, and re-order them:
A0:  Gleb is an Engineer

Al:  Gleb's suit is Really Heavy
A2:  Gleb's laptop is Really Heavy

Now, you start over, and run forward chaining from the beginning, until no new assertions are added to
or deleted from the database. Is Gleb's laptop a Deadly Weapon?




Quiz 1, Problem 2, Search (50 points)

As you get close to graduating MIT, you decide to do some career planning. You create a graph of your
options where the start node is M = MIT and your goal node is R = Retire, with a bunch of options in
between. Your graph includes edge distances that represent, roughly, the “cost of transition” between
these careers (don't think too hard about what this means). You also have heuristic node-to-goal
distances which represent your preconceptions about how many more years you have to work until you
retire. For example, you think it will take 25 years to go from MIT (M) to retirement (R), 30 years
from Grad School (B), but only 2 years from Entrepreneur (E).

A =Wall Street | B= Grad School | C = Professor | D = Government | E = Entrepreneur

1

40

Part A: Basic search (25 points)

In all search problems, use alphabetical order to break ties when deciding the priority to use for
extending nodes.



Al (3 points)
Assume you want to retire after doing the least number of different jobs. Of all the basic search
algorithms you learned about(that is, excluding branch and bound and A*) which one should you apply

to the graph in order to find a path, with the least search effort, that has the minimum
number of nodes from M to R?

A2 Basic Search Chosen Above (7 points)

Perform the search you wrote down in A1 (with an Extended List). Draw the search tree and give the
final path.

Tree:

Path:




A3 Beam Search with w=2 (15 points)

Now you are interested in finding a path and the associated distance. Try a Beam Search with a width
w=2, with an extended list. As before, you are looking for a path from M to R. Use the
“preconceptions’ heuristic distances indicated in parentheses at each node.

Tree:

Path, if any:

Extended nodes in order extended:




Part B: Advanced Search (25 points)

B1 Branch and Bound with Extended List (15 points)

Use Branch and Bound search with an Extended List to find a path from M to R, as well as the
extended node list. Use this space to draw the corresponding tree and show your work.

Tree:

Path:

Extended nodes in order extended:




B2 Thinking about Search (9 points)

Concisely explain why Branch and Bound with Extended List yields a different result than Beam
Search in this problem.

What can we say about the path found by Branch and Bound with Extended List? (We're looking for a
fairly strong statement here.)

Is there an algorithm that guarantees the same answer as Branch and Bound for the graph in this

problem, but can find the answer with fewer extended paths. If Yes, what is that algorithm? If No,
explain why not.

10



B3 Permissible Heuristics (6 points)

Suppose you are asked to find the shortest path from H to G in the graphs below. For both of the
graphs explain why the heuristic values shown are not valid for A*. Note the differences in the graphs
at nodes F and E.

Reason(s):

Reason(s):

11



Quiz 2, Problem 1, Games (50 points)

Part A: Basics(15 points)
Al Plain Old Minimax(7 points)

Perform Minimax on this tree. Write the minimax value associated with each node in the
box below, next to its corresponding node letter.

MAX

MIN

MAX

MIN

A= [,I— B=

/
\ z/

A2 Tree Rotations (8 points)

Using the minimax calculations from part A1, without performing any alpha-beta calculation, rotate
the children of each node in the above tree at every level to ensure maximum alpha-beta pruning.
- Fill in the nodes with the letter of the corresponding node. Draw the new edges

MAX
MIN
(04 (e
MAX
MIN
12 Uy «é,ﬁml Low ‘%0 Y l viold e lﬂ"““’l)h/]o
/Vfﬁ“-‘.;/ ";'9 ’n'/(f



Part B: Alpha Beta (35 points) % ( 0 )
et it

B1: Straight-forward Alpha Beta(15 points)

Perform Alpha Beta search on the following tree.

- Indicate pruning by striking through the appropriate edge(s).

- Mark your steps for partial credit.

- Fill in the number of static evaluations.

- List the leaf nodes in the order that they are statically evaluated.

MAX

MIN

MAX

MIN

Indicate in Next Move which of B or C you would go to from A and in Moving Towards which node in
the bottom row you are heading toward.

“\J‘i !.T)‘!J,l

# of evaluations: g/ List: “ /I / —3"; !\ ;L
Next Move: g \/ Moving towards: E £ I

\7[60’,“ di&i - g

13



B2: Preset Alpha-Beta (15 points)
Perform alpha-beta search, using initial values of alpha =5 and beta=8.

- Indicate pruning by striking through the appropriate edge(s).

- Mark your steps for partial credit.

- Fill in the number of static evaluations.

- List the leaf nodes in the order that they are statically evaluated.

MAX

MIN

MAX

(- i k

g ? 5 4 9 13 3 10

Indicate in Next Move which of B or C you would go to from A and in Moving Towards which node in
the bottom row you are heading toward.

# of evaluations: 7/ List: H / (’

[
LNext Move: B Moving towards: H o 9"]‘/“‘!5 bonp !

(
/

B3: Alpha-Beta Properties (5 points) (l

If you were able to maximally prune a tree while performing Alpha-Beta search, approaximately how
many static evaluations would you end up doing for a tree of depth d and branching factor ?

6(}% o

(

i g4 ;v}f{ W{Hy ’£r koo



Part B: Applying Constraints (42 points)
You decide to switch to a new representation that uses the courses as variables and the times as values.

B1 (5 points)

The initial domains are given below. Cross out the values that are incompatible with Constraint (3).

\ —_—

‘1¥, J\\\HB | Variable Domain

\\0 fl‘"“”%‘/j L8 10M 11M  12M 1\Q 2y 3M

\ l\u ! L3 11M  12M

\l“ ‘5 |R3 10T INT 12T ‘1{

L21 (MWF) 10M  11M
L21 (TR) 10T 19T
L8 12M iq
R18 Wl{r T 2T

17



B2 (16 Points)

Run the DFS with forward checking only on your defined variables and the reduced domains you
found in Part B1 by applying Constraint(3).

N

ey

o n AN lZP/ ¥y

L8

\\ \\\ S
ST iff.:’
"'__hereé
(

\ .
121 & / ‘1
MWF )
— \ o1
L21 I )
o ”\/ [0

L18 olplesdg |11

/ﬂ ®

\r\lufh Wl\ol{

18 njﬂ‘mj
CWhy g ve ‘
?rapwa‘rzﬂa 1

b\f!' {o/w(i QEM«& ga (an Se@ not ,Wﬁc‘;‘ﬂit



Part A: Picking a Representation (8 points)

In order to fill in this schedule, you decide to set it up_as a CSP using meeting times as variables and

courses as the values of in the domains. After filling irmﬁmb]e, this is what you see:

p
A % ( f
What is wrong with the way that this problem is set up and why? (! oy } 'L[, oM ﬁ, 295 /

/;\QLJHIﬂ ;5 _p 0047y P(f Qlam(
Variable Domain
10M L8, L21 .
1M L3,18, DA (an+ bo
12M L3,L18,L8

LZI M,T (Wuﬂ =~

MQ Val (% Rl

LSO (lmp ‘:f’r'

16




Quiz 2, Problem 2,
Constraint Propagation (50 points)

After taking 6.034, your decide to offer your services to incoming freshman to help them set up their
course schedules. One particular freshman comes to you with four classes as well as an availability
schedule (grayed out boxes represent reserved times).

Course Lecture Times Offered | Recitation Times Offered
3.091 MWF 11,12 TR 10,11,12,1
18.01 MWF 12, 1 TR 11,12
8.01T MWE 10;: 11512, 1. 2,3 NONE

21F.301 MTWREF 10, 11 NONE
Time MWF TR

10
11
12
1
2

For easier bookkeeping you adopt the folowing naming convention (L = Lecture, R = Recitation, # =

course number):

3.091 Lecture — L3 MWF10 —10M
3.091 Recitation —R3 MWF11 —11M
8.01T Lecture — L8

18.01 Lecture — L18 TRI0 —10T
18.01 Recitation — R18 TR11 —11T
21F.301 Lecture — L21

You also devise this set of constraints for yourself:
(1) Each class must be assigned to exactly one timeslot
(2) Eachrtimeslot can be assigned to a maximum of one class
(3) No classes can be scheduled during the grayed out time periods
(4) The TR selection w“t occur at the same time as the MWF selection.

(

/ :X [‘T ,J- Sf >

15



B3 (5 Points)

How many times did the algorithm need to backtrack?

NG THd LT dow

B4 (10 Points)

It occurs to you that you may be able to accelerate the process of finding a solution if you were to

perform domain reduction with propagation through singletons before running the DFS. Fill in your

updated domain table with the results of your computations: — |
i N o b fofoe g

@
Variable Domain \ ﬁ“ ) /f
a (n g :'s

L8 i //F} L‘{: f\ r,‘r ;('.(r ( {'}t&o}/w{,u‘f‘
L3 i M g ,‘
R3 + 17 {

[RY) I: ! (f. I
L21 (MWF) ,'0 7 TN /
L21 (TR) o1
L18 U
RIS T

p
(., Sb‘ .f)-‘.‘[ | f)g;‘ { !

19



B5 (6 Points)

Run DFS with constraint checking only on your updated domain table:

LS 3)/1

L3 M

L21
(MWF) Wv[

L21

(TR) 10T /

L18 W

R18 Ll

20



Quiz 3, Problem 1
KNN and ID Trees (50 points)

After receiving yet another “Dear sir or madam..” email, you decide to construct a spam filter.

Part A: Nearest Neighbors (25 points)

For your first attempt you decide to try using a k Nearest Neighbors model. You decide to classify
spam according to 2 features: email word count and occurrences of the words “sir” or “madam”.

Al (10 points)

-
Occurences of
words ||s"r|| I = GOOD EMAIL = SPAM I

or"madam" = — — — — — = = = = = -

L

I Tels

25 .. @

5 Cﬂj
T

10 ...

100 200 300 400 500 600 700
Word Count

Draw the decision boundary for 1-nearest-neighbor on the above diagram of the given
training data. Use the center of the faces as the positions of the training data points.

21



A2 (8 points)

How will 1-nearest-neighbor classify an email with 200 words of which 9 are the word “sir?
Plot this point on the graph as X?  (2pts)

How will 3-nearest-neighbors classify an email with 600 words of which 7 are the word “madam™?
Plot this point on the graph as Y?  (3pts)

How will 5-nearest-neighbors classify an email with 500 words of which 25 are the word “madam’?
Plot this on the graph as Z? (3pts)

A3 (7 points)

List which points yield errors when performing leave-one-out cross validation using 1-nearest-
neighbor classification. (3 pts)

|
|

How would one go about selecting a good k to use? (4 pts)

22



Part B: ID Trees (25 points)

Realizing nearest neighbors may not be the best tool for building a spam filter, you decide to try
another classifier you learned about in 6.034: Identification Trees.

B1 (8 points)

It appears that the over-use of the words “sir or madam” seems to be a strong hint at an email being
spam.

What is the minimum disorder and minimum-disorder decision boundary when you consider only the
dimension of “Sir or Madam™? You can use fractions, real numbers, and logarithms in your answer.

Approximate boundary:

Associated Disorder:

B2 (8 points)
Suppose we were given the following additional information about our training set:
Emails I, G, J, H, K and L are from Anne Hunter.
One of those emails might be important so you don't want to risk missing a single one so you re-label
all Anne Hunter emails in the training data set to be good emails. You are to find the best axis-parallel

test given the revised labellings of good email and spam.

(NOTE: Use the unlabeled graphs in the tear-off sheets section if you need it to visualize the
modified data).

B2.1 Which emails does your new test missclassify on the modified data? (4pts)

23



B2.2 What is the disorder of your new test on the modified training data set?
Leave your answer as a function of fractions, real numbers, and logarithms. (4pts)

B3 (9 points)

Soon, you decide that your life goal is no longer to be a tool for a Harvard or Sloanie startup so you

decide that all emails from Anne Hunter should be marked as spam. (Again, use the
unlabeled graphs in the tear-off sheets if you need them).

Given the revised determination of what is good email and spam, draw the disorder minimizing

identification tree that represents your fully trained ID-tree spam filter. You may use any
horizontal and vertical classifiers in the dimensions of word count and “sir or madam’’ occurrences.
Ties should be broken in order of horizontal then vertical classifiers.

24



Quiz 3, Problem 2, Neural Nets (50 Points)

Note that this problem has three completely independent parts.

Part A: Derivations (14 pts)

-1 -1 -1

dP
Al. (7 pts) Using what you've learned from doing lab 5, write out the equation for 3 expressed
CE

in terms of o; , d, and/or any weights and constants in the network. (o; refers to the output of any
neuron in the network.)

25



do

E
dw

Oi .
A2. (7 pts) Write out the equation for expressed in terms of T 200 and/or any weights
XA
and constants in the network.

26



Part B: Letter Recognition (20 pts)

You propose to use a neural network to recognize characters from a scanned page. Letters are
represented binary images on a 1x1 unit grid. Assume that scaling and rotation are all done.

Because you want to start with something easy, you start with the problem of recognizing a character as
either possibly a T or definitely not a T. During training, each training sample consists of a random
point, (X, y), along with the desired 0 or 1 value: 1 if the underlying pixel at (x, y) is part of a T; 0 if
the pixel is part of a T's background.

You want to find the most compact network that will correctly handle the T problem, so you decide to
analytically work out the minimal network that will correctly classify a character as possibly a T or
definitely not a T.

-1

1,1

4/5

0.0 2/5 3/5

Assume you decide to have the above network architecture, fill in the 7 missing weights in the table
that are required to accurately classify all points in the image for T. Your weights must be integer
weights or integer constraints on weights! Show your work for partial credit:

Answers: -
Wxa |0 Wxe -
Wya [Wye |0
Wa _ ] We
Wi | Wi
Wys ) ) %WBD
Ws (2 !WCD
Wo

27



Show work here for partial credit:

28



Part C: Expressive Power of Neural Nets (16 pts)

Circle all the functions that these networks are theoretically able to fully learn, and if your answer is No
indicate the lowest possible error rate. List of Functions:

XANDY X=Y X=05ANDY=0.5 X-Shape
_I 11 _—+E | 11 ..—______. 1.1 + N — _I_“

o+ | | T

b

€1 Can be fully learned? The minimum # error if No
XANDY Yes No
X=Y Yes No
X=05ANDY=0.5 Yes No
X Shape Yes No

How about when all initial weights are set to thc} same constant k?

all initial
weights = k

Y
-1
C2 Can be fully learned? The minimum # error if No
XANDY Yes No
X=Y Yes No
X=05ANDY=0.5 Yes No
X Shape Yes No
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Quiz 4, Problem 1,

Support Vector Machines (50 points)

. (
Part A: Solving SVMs (40 pts) f
You decided to manually work out the SVM solution to the CORRELATES-WITH function. First you
reduce your problem to looking at four data points in 2D (with axes of X; and x).

-B(-2,+1) C (+1, +1) ()( ot | :O ILO

X,

=3
A(2-2) x|D(+1.-2)

You ultimately want to come up with a classifier of the form below. More formulas are provided in
tear off sheets.

S Z a; y.l + b> 0
Your A, Yuan suggests that you use thls kemel

%b 1 K(a,%)=u, v, +u,v,+|u,—u|||v,~v,| /J ‘ \ ; ey
{1 | i 4 ~1
) [
|

N 7 Apew PO
AL(5 pts): Note that @(#) is a vector that is a transform of 7 andﬁhe kernel is the dot product,
bﬂb @(u#)-P(v) . Determine the number of dimensions in @ (%) and then write the components of
l\d\ &(#) intermsof # 's x;andx,components, %, and #, . Explain why it is better to use
@ (%) ratherthan # .

\
\( &(7) 's components:

Why bettgr:
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|
vals
A2(10 pts): Fill in the unshaded portion in the following table of Kernel values. TL{/'f ij'/ &]L AML {

AT e T I L e 4 ]
2 Thiak
0T AT Y e
6B 7 |
e

A3 (10 pts): Now write out the full constraints equations you'll need to solve this SVM problem

They should be in terms of &, b, and constants. (Hint: The four data points lie on their appropriate
gutters). R

Constraint Equations

AT Pk TR
2 DZA(Q’A (

ab

00 tdg[-)() = 1%, ]

) tdef |
"y X I‘LWHC £() :L(JEJ *
4 Cl/ —-{’2":“

> k) - \/A«kmm(,g- ve WAt Ve & A,C)a[ L ypl(49) do =+
/uL Rfm /Ld

LT, T B
A4 (5 pts) Inste;r}ok solvirig'the system of egl/attlons for alphas, supI{osé the alphas were ﬁlLagl ll?L n )

given to you as: ’/‘t /)
i J

aA=1/9 a=1/9 ac=1/9 a=1/9 b=1 + e

Compute W Given your alphas. Hint: The number of dimensionsin W is the same as the j:

number of dimensions of D(F)

il
5= 0 | okt hi,
@va

/ Pn M |
1=

o,
¢
w0 L d 2 08) < g ﬂdq/g%)

The e Al L vialibe



AS (5 pts): What is the equation of the optimal SVM decision boundary using the answers and values

ApmSh lo lpL/Jq i sles fon  befae
WE) = \a ()0 = 5 3 /
@ *’L [_glﬂ/ k{ 7 ‘(“10 < 9 XZ"XI)

L3 106X
A6 (5 pts): What is the width of the road defined by the optimal SVM decision boundary?

idth = _?-Z-ﬂ ot ks o
| ]|le\ T@? @ I

y
uacém s

Ol Combe how i poa,)p}en Wiy Une
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4 d | ‘
! O(/) 6{ S(ﬁp(i -0 ( o/?/d?r/f ffj— ( ()/
Part B: Kernel for k-Nearest Neighbors (10 pts) .

A student noticed that Kernel methods can be used in other classification methods, such as k-nearest
neighbors.  Specifically, one could classify an unknown point by summing up the fractionat-votes of
all data points, each weighted using a Radial Basis Kernel. The final output of an unknown point %
depends on the sum of weighed votes of data points ¥, in the training set, computed using the
function:
bl

SZ
Negatively labeled data points contribute -1 times the kernel value and positively labeled training data
points contribute +1 times the kernel value.

K(%,%)=exp(

You may find the graphs provided in the tear off sheets helpful.
B1 (6 pts)

Using this ap tiach ass mcreTs s]to infi ty, what k does this correspond to in k-NN?
~({n 00 I3 /n

9811} [6’@*\0{ — . d/“ f)f;j 6@% o

a LV AN
v

As s decreases to zero, what k does this approximately corresponi to in k-NN?
(J 0 '5 S5 )Lé- { 055 b\ Mﬁ- o LLI Lw(;ﬂ p ’Lé g fﬁ/ﬂ

r Vores
B2 (4 pts): Qaﬁtm[{ y Cotut fhy

State a reason why you would prefer to use the SVM with Radial Basis Kernel solution rather than the
method of Weighted Nearest Neighbors with a Gaussian Kernel. Moe expr (
Sy @

{7 -

\
./ z 5 . | |,
Song Yoo 014l ") cl 5’}?}(‘«}': p [i ’r“ gr,«’ Uf
4 i :‘.r.-OJ-, { ;}U;'g-( Q0 S ’

ﬂw Gotn b hast ¢ dff el

. Pofomansy, Tosler
2 6\)” ol Iw‘r@/w ~50 6)10/#’(/ ot CO'%PWL co)

% COM/(Q/[LQ \énl,i y\@g/{b SV P‘}‘J
6‘\ 1‘% nas SV o MV - pot H)ﬂ[,(/L[ Lé(ﬂdy[

{‘0 %e‘(



Quiz 4, Problem 2, Boosting (50 points)

Kenny wants to recognize faces in images. He comes up with a few things that he thinks will probably
work well as weak classifiers and decides to create an amalgam classifier based-on his training set.
Then, given an image, he should be able to classify it as a FACE or NOT FACE. When matched
against faces, the GRAY part of a classifier can be either WHITE or BLACK) '

Classifiers:

L|

Name

Image Representation

A

Has Hair

B

Has Forehead

C

Has Eyes

D

Has Nose

Has Smile

F
Has Ear

34




Data:

Index| Classification |Image Representation Index | Classification [Image Representati;;‘

1 NOT FACE 5 FACE E

) NOT FACE 6 FACE E

AN
)%n\\l

3 NOT FACE 7 FACE E

4 FACE 8 FACE ﬁ
Examples:

Here is how classifier E works. Note that gray means “don't care,” that is, it doesn't matter whether the

pixel in the same position is black or white. —_—

= true




Part A: Pre-Boosting (10 points) p (
j)(l ms \0"Y

Al Finding the Errors(5 points)

For each classifier, list the data points it gets wrong.

Classifier Name General Idea ; Misclassified

A Has hair 2,67 N

B Has forehead 4,5

c Has eyes 1.5.3

D Has nose | ; Z ) V4

E Has smile 3. th 7 ‘

F Has ear g f )

G TRUE (FACE) [,2,% 7/

H NOT(A) !' 1746 Y

! NOT(®) 13,679 /

J Noro | 174 (37

K NOT(D) IN56T o

i vote | Vo (7T

M NOT(F) [ 2,5 W50 <

N FALSE (NOT_FACE) | Y, ( (77 </~
g

A2 Weeding out Classifiers (5 points)

Which, if any, of the classifiers in A1 can never be useful and why?

HEINL AL, < gede f

Ohiiu (Oo\L @pu)

H / IJTJ l// L/ /V - Ifc/}” O{ 5

Bdl' ﬁﬁ dod wl wide 7%
T e

36
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B2 Amalgam Classifier (5 points)

What is the overall classifier after 4 rounds of boosting?

S\z@n@xc B8+ 00 [A]+ I(0)]§) + 4 L4 5)[4 ]) / Yusally

( - PQA fk‘? OCIU{,{H / {.Pdl' (’ (c 6 '(B//{J?j

What is its error rate? ! \

. <Y
v

Part C: Miscellaneous (15 points)

C1 Using Classifiers (5 points)

Assume the boosting setup in Part B occurs for 100 rounds whether or not the overall classifier gets to
the point where all training samples are correctly classified. Place the four classifiers in the following

two bins
AN P *
Frequently selected: /'\ ; H Infrequently selected: (’/ /: \/ /
'l T

C2 More using Classifiers (5 points)

Which three classifiers from A-N would you. usyso that you would not have to do boosting to get a
perfect classifier for the samples. _: WA (7 AL

‘ '

T A
Fd |
J6. 8 A, -
1

C3 Even more using Classifiers (5 points) 2 b[ 6_ 6 7 \g i ﬁm// /’ (é(/ j
Now, Suppose you are working with just two claSSlfierS, nelther of which ha rate.

Will boostmgAQm>erge to an overall classifier that perfectly classifies all the training samples? ’

0

i

xplain: \\/ . . \
J’T)" . ," / ' = M
{“/ L \(dip T @dann f‘f &

%ﬁii Sare  (dor /mLQ“ LS h%}ﬁ( Wféﬂwd

WAk CW‘”[ S 1’0@@/&{ lm/aa/F@OL
L/H\A@})J— p%[@m( (ot i Twe
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Part B: Boosting (25 points)

B1 Synthesis (20 points)

wb ’n s

/¥ 17 % @
7 ;r;‘;/ \ [
1W d 17 x ,/ b
" If/j‘} l/ Fi, 7 j;f:': 4
(O A B Yk
W (lﬂ = (19 A f@_
' P it .3 %
L] 2| L
\():z Lt |ec ,w 5/(2 ///ﬁ
e Ea  KC
N1 Ly (17
| (/7 \ \ 0 (Y12 74 ( h)
7 ﬂf\ (ﬁf) l /10{ e, ‘ij/j:/)
| n = (2 " An
7 D(J) | 29(\'/} Py } "2“;‘
i ( ) ;"’/ — — : i
ol \ i 1" ‘ ¢ , - /&4 )
27 /i q/f- ;o
[

Round1 Round2 Round3 Round 4
"W B e PR e B | fr A
= U 7 [ | U5 | o

_1 = = =
w3 1/,? ar=_ |,J U 2 g a3;l§,a by R
e l./ X [ { ‘/ y ‘/ y
w3 '




1215
Quiz 5, Problem 1, Probability (50 points)

Part A: Life Lessons in Probability (22 pts)

Consider the following inference net developed for students who graduate from MIT:

| W T| C
F|F | T |D
F | T [ F ¢
F T T d
T F|F e
¥ F T f
i T F g
T | T | TJ|s

I = Had quality Instruction
H = Hard working ethic

T = Raw Talent

S = Successful in life

C = Confidence

W =Took 6.034
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Al: What is the probability that a 6.034 student (W = true) had quality instruction (I = true) and
became successful in life (S = true), but did not have raw talent (T = false) yet was hardworking H =
true) and confident (C = true). Leave your answer unsnmphf ied in terms of constants from the

probability tables. (6pts) }/x”l Con d{n’ (rj! = (e gﬁb (gm (L//C/,L:'/

pwnT A507TN 1 \ny
—p(ulr )I’()P(SIT”“”m L) P11 HOC)s o
- Wl

O Al bobdud y | ha M7)
’ (5 ' h - ) @

For A2-A3: Express your final answer in terms of expressions of probabilities that could be read

off the Bayes Net. You do not need to simplify down to constants defined in the Bayes Net tables.
You may use summations as necessary.

A2: What is probability of success in life (S = true) givem that a student has high quality instruction
(I =true)? (6 pts)

M(s|T) = P(s1Taviar) p(HIP(
T

A3: What is the probability a student is hardworking (H = true) , given that s/he was a 6.034 student
(W = true)? (10 pts)

PCHIW) = nd = PH) ()
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3'00 N

D t Aot
Part B: The Naive Crime Fighter (12 pts)

A murder has occurred in quiet town of South Park. Your have been provided the following table by

forensic experts:

Suspect Has a motive Location Murder Weapon Degree of Suspicion
Professor Chaos 0.4 Fair=0.1 Kindness = 0.3 0.3
School = Chili=0.3
{L {7 Cw=0.2 Moral Fiber =0.2
! Pure Evil = 0.2
A T Mint Berry Crunch | 0.3 Fair=0.4 Kindness = 0.4 0.1
L0 School = Chili = 0.1
CW=0.3 Moral Fiber = 0.4
Pure Evil = 0.1
Vi The Dark Lord 0.1 Fair=0.3 Kindness =0 0.4
\ G Cthulu School = 0.3 Chili=0.5
CwW=04 Moral Fiber=0
Pure Evil = 0.5
~ bk Scott Tenorman 0.9 Fair=0.8 Kindness = 0.2 0.2
._ i J School = Chili=0.5 _
.o CW=0.1 Moral Fiber=0.1 ) (’/(\
- Pure Evil=0.2—| g \ {
' - = l { ( L
o ¥ ” I" | o T WJ ‘f,
You have determined that the murder did not have a motive, the murder took place at the Fair, and the
murder weapon was a bowl of chili. You've decided to use what you learned about Naive Bayc

help you determine who committed the murder.

The murderer is most hkely WU),’ My Y( m m [ = F/? ‘(‘/ C

V&JM“'

[s)

?Mcﬁ@ﬂaq

/'] (’41/ l/‘auﬂ [F I}’

M)nv

L (J)

/fl "f"[}{

Show your work:

hh(
DL C
6t

|

(s & 172 "g‘&(

S )
¥l [l'ﬂ)

|
o e
L =
(%}
-
\y

N

(s
0077

(51

e Qu T
gy
000

9
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Part C: Coin Tosses (16 pts)

You decide to reexamine the coin toss problem using model selectioy.

You have 2 types of coins: /. \
!
1) Fair: P(heads) = 0.5 ﬂ\ sl / / / ‘Om J
2) All-heads: P(heads)=1.0
You have 2 possible models to describe your observed sequences of coin types and coin tosses.
1) Model 1: You have both es of coins and you draw one-o -Jh at random, with equal
probability, and toss it exactly once. You repeat both u 6 and tossmg 3 times total. [{( Aw J ‘) by 3

2) Model 2: You have bot coins and you draw one of them at random with cqual

prg@kility, and toss it exactly 3times. - J (hw ‘ YLO 95 5
Finally, you have the following observed data. |
Toss 1 Toss 2 Toss 3
H H iy

The following questions use your knowledge of model selection to determine which is most likely.
You decide to use the followmg criterion to weigh models:
el il

Z |parame o) where Z is a normalization constant. N ; A ({ﬂ 7} (/Ad%-} ‘mj

|parameters| is defined as the number of cell entries in the CPTs of the Bayes Net representation. C{/ "
i b R il o il
C1. What is P(Model 1)? (3 pts) (Partial credit if you sketch the Models as Bayes Nets)
J.l ‘

10##“(‘{ fo;',J ﬂ ((L;, to

el = Bt gy ol
(Q%% P(M”) 7%

What isP(Model 2)? (3 pts)
P (e fair) Pl U |

@ lp«wl =3+ =1 . ‘1
=g /( odpl 2) ©

42 waMMb ﬁow[ 0\(’ hﬂfi‘ P”"“W
% T B
3 ogg ke T bt he b tal p(1)
¢ ‘ﬁ? 57 bl Tu, foll Yov b4 dowa b e 40nst

P(M)=




You've decided that the a priori model probability P(Model) to use should be uniform.

P(Model 1) =P(Model 2) (1) h! /

(k
RV i‘fp!fh_’ﬂ

Under this assumption you decide to work out the most likely model, given the data, P(Model | Data).

C2 What is the most-likely model based on this fully observed data set:

P(Model 1 | Data)?

)

Rl 1) atinT) =

I

5 _ul P(m»i odil )
M\HIP ind

(Un b@ Elﬁu (nlr“ | |
Busee PLinnnim) < Plhnusrh | ¢l)
ep o plh Y ’f‘\ L ' |
s

(= Lt )fug‘)”f.,_’irzf’*

P(Model 2 | Data)?

—

e (?@y#r(ﬁ%f/

12

P(H0t01

|
\

\

\

Therefore the most likely model is: (circle one)

P,
( @ Model 2
[ |

[ { 09! N \

L0805 hue b seg

)
{

(X (C:f
O 7[)(0};

P(r) ) e()+p (112 RY | Qé)) ey
E (ri‘ (0 | 0675 < &
43 [:— \/
e 15 5067, 29
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Quiz 5, Problem 2, Near Miss (20 points)

Having missed many tutorials, lectures, and recitations, Stew is stuck on trying to figure out who are
the TAs in 6.034. You, who is more faithfully attending, knows who is who. Armed with your
knowledge about Near I\Es.iis_ogc_:gpt learning. You decide to build a model that will help Stew figure

out who the TAs are’. \ | /o
/ \/\‘.!’\,;’,\‘i i " cq  Olin OL} 6{{/{2 g

The following table summarizes the training data about the current staff of 6.034. The Title attribute
is organized as a tree, with MEng and PhDs both a type of Student. Students and Faculty are grouped
under the type People-You-See-On-Campus

Name TA Hair Color Title Glasses Gender | Experience | Taken
# Years 6.034
Kendra |Yes Brown MEng yes female 1 Yes
Kenny Yes Brown MEng no male 1 Yes
Martin Yes Black MEng no male 1 Yes
Mark Yes Black PhD no male 4 Yes
Mich ¥Yes Blonde MEng yes male 10 No
Gleb Yes Brown MEng no male 2 Yes
Yuan Yes Black PhD yes male 3 No
Lisa No Blond Professor [yes female 10 No
Bob No Brown Professor |no male 10 No
Randy No Brown Professor |[no male 10 No

44




Fill in the table to build a model of a TA. Mark an attributes as "?" if the property has been dropped.

Example {Heuristics Used | Model Description TAs

Hair Color Title Glasses Gender [Experience | Taken
Kendra |Initial Model Brown MEng yes female |1 Yes
Kenny
Martin
Yuan
Bob

Fill in the following table to build a model of a Faculty Member (FM). You may assume that Patrick,

Randy, Bob, and Lisa are faculty members.

Example |Heuristics Used |Model Description FMs

Hair Color Title Glasses Gender |Experience |Taken
Patrick |Initial Model Blond Professor |Yes Male 10 No
Randy
Bob
Mich
Lisa
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What class(es) would match these people given your TA model and your FM model. If neither, write N
in the Class(es) column.

Name Class(es) JHair Color | Title Glasses |Gender Experience |Taken
6.034

Olga Blond MEng no female 1 Yes

Patricia Blond Professor |Yes female 10 No
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Quiz 5, Problem 3, Big Ideas (30 points)

Circle the best answer for each of the following question. There is no penalty for wrong answers, so it
pays to guess in the absence of knowledge.

1 Ullman's alignment method for object recognition

Is an effort to use neural nets to detect faces aligned with a specified orientation
Relies on a presumed ability to put visual features in correspondence

Uses A* to calculate the transform needed to synthesize a view

Uses a forward chaining rule set

None of the above

A

2 Ullman's intermediate-features method for object recognition

1. Is an effort to use boosting with a classifier count not too small and not too large

Is an example of the Rumpelstiltskin principle

Is a demonstration of the power of large data sets drawn from the internet

Uses libraries containing samples (such as nose and mouth combinations) to recognize faces
None of the above

RSl

3 The SOAR architecture is best described as

1. A commitment to the strong story hypothesis

A commitment to rule-like information processing

An effort to build systems with parts that fail

The design philosophy that led to the Python programming language
None of the above

L el 19

4 The Genesis architecture (Winston's research focus) is best described as, in part, as

A commitment to the strong story hypothesis

Primarily motivated by a desire to build more intelligent commercial systems

A commitment to rule-like information processing

A belief that the human species became gradually smarter over 100s of thousands of years.
None of the above

G W
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5 A transition frame

iy b b

Focuses on movement along a trajectory

Focuses on the movement from childlike to adult thinking

Focuses on a small vocabulary of state changes

Provides a mechanism for inheriting slots from abstract frames, such as the disaster frame
None of the above

6 Reification is

bl G

The attempt to develop a universal representation

The tendency to attribute magical powers to particular mechanisms

The process by which ways of thinking are determined by macro and micro cultures
The process of using perceptions to answer questions too hard for rule-based systems
None of the above

7 Arch learning includes

Vi W=

A demonstration of how to combine the benefits of neural nets and genetic algorithms
A commitment to bulldozer computing using 100's of examples to learn concepts

The near miss concept

A central role for the Goldilocks principle

None of the above

8 Arch learning benefits importantly from

DB e

An intelligent teacher

Exposure to all samples at the same time
Use of crossover

Sparse spaces

None of the above

9 Experimental evidence indicates

D

People who talk to themselves more are better at physics problems than those who talk less
Disoriented rats look for hidden food in random corners of a rectangular room

Disoriented children combine color and shape information at about the time they start walking
Disoriented children combine color and shape information at about the time they start counting
None of the above

10 Goal trees

48

L s 0

Enable rule-based systems to avoid logical inconsistency

Enable rule-based systems answer questions about behavior

Are central to the subsumption architecture's ability to operate without environment models
Are central to the subsumption architecture's ability to cope with unreliable hardware

None of the above
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Part B: The Naive Crime Fighter (12 pts)

A murder has occurred in quiet town of South Park. Your have been provided the following table by
forensic experts:

Suspect Has a motive Location Murder Weapon Degree of Suspicion
Professor Chaos 04 Fair=0.1 Kindness = 0.3 0.3
School =0.7 Chili=03
Cw=02 Moral Fiber = 0.2
. Pure Evil =0.2
Mint Berry Crunch 0.3 Fair=04 Kindness = 0.4 0.1
School = 0.4 Chili = 0.1
CW=03 Moral Fiber = 0.4
Pure Evil = 0.1
The Dark Lord 0.1 Fair=0.3 Kindness =0 0.4
Cthulu School =0.3 Chili=0.5
CW=04 Moral Fiber =0
Pure Evil = 0.5
Scott Tenorman 0.9 Fair=0.8 Kindness = 0.2 02
School = 0.1 Chili=0.5
CWw=0.1 Moral Fiber = 0.1
Pure Evil=0.2 -

You have determined that the murder did not have a motive, the murder took place at the Fair, and the
murder weapon was a bowl of chili. You've decided to use what you learned about Naive Bayes to
help you determine who committed the murder.

The murderer is most likely:

The Dall Lovih  Cthuln,

Show your work:

?wv.\mﬂi Plc | M=Fulse , (= Fair, wechili) o ...un._xuﬂscm_nu P(L= Feirlc)
(w=clil;

P.C (1-0.4) (0-130:3Y(0.3) = S/ 0¥ Plwschili|¢) pled

M.B.c (1-0.3) (0.4)(o0.1)(0.1) = 28/ )oY
C  Cl-ol) (0:3)(08) (0.4) = 2F.20/)3t & NMay

T (1-09) (08Xb5) (0:2) = 60/, 4%

A

n "
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Part C: Coin Tosses (16 pts)

You decide to reexamine the coin toss problem using model selection.
You have 2 types of coins:
1) Fair: P(heads) =0.5
2) All-heads: P(heads)=1.0
You have 2 possible models to describe your observed sequences of coin types and coin tosses.

1) Model 1: You have both types of coins and you draw one of them at random, with equal
probability, and toss it exactly once. You repeat both the drawing and tossing 3 times total.

2) Model 2: You have both types of coins and you draw one of them at random, with equal
probability, and toss it exactly 3 times.

Finally, you have the following observed data.

Toss 1 Toss 2 Toss 3

H . H T

The following questions use your knowledge of model selection to determine which is most likely.

You decide to use the following criterion to weigh models:
S I
Z | parameters|
|parameters| is defined as the number of cell entries in the CPTS of the Bayes Net representation.

C1. What is P(Model 1)? (3 pts) (Partial credit if you sketch the Models as Bayes Nets)

P(M)= where Z is a normalization constant.

Meods | L o @,
. et g o =
H & B
What is P(Model 2)7 (3 pts)
(&) (perves] A
/ =32¢)=F ﬂmzﬁﬁ_v = >z
& @ @
M BE B
42



You've decided that the a priori model probability P(Model) to use should be uniform. O:mN mu Problem Nu Near Miss ANc m-cm_uwwv
P(Model 1) = P(Model 2)

Under this assumption you decide to work out the most likely model, given the data, P(Model | Data). Having missed many tutorials, lectures, and,recitations, Stew is stuck on trying to figure out who are

the TAs in 6.034. You, who is more faithfully attending, knows who is who. Armed with your

C2 Whatis the most-likely model based on this fully obscrved data set: (10 pts) knowledge about Near Miss concept learning. You decide to build a model that will help Stew figure
P(Model 1 | Data)? out who the TAs are.
PATA!
A i i § . i
e 2 2 r 4 The following table summarizes the training data about the current staff of 6.034. The Title attribute
ﬂﬁwpﬁt | fedell ﬂmsﬁﬁo_t Hﬁﬁﬁwv .A._uJ __w mnwv u . K = -ml A is organized as a tree, with MEng and PhDs both a type of Student.  Students and Faculty are grouped
& z T z 64 2 under the type People-You-See-On-Campus
. 7

mm&.ﬁﬂ\ Name TA Hair Color Title Glasses Gender |Experience |Taken

‘P(Model 2 | Data)? it Years  [6.034
Kendra | Yes Brown . |MEng yes female 1 Yes

= Pldatq | medul =)Ly _ .

g Q 14 NM &S ody Nv ANV \W ‘W = _\wvn . ..N_.. Kenny Yes Brown MEng no male 1 Yes
Martin | Yes Black MEng no male 1 Yes
; Mark Yes Black PhD no male 4 Yes
; ] Mich Yes Blonde MEng yes |mate 10 INo
Therefore the most likely model is: (circle one) e Model 2 Gleb Yes Brown MEng no male 2. Yes
Yuan Yes Black JPhD yes. male 3 |No
Lisa No Blond Professor |yes female |10 No
Bob No Brown Professor |no male 10 No
Randy No Brown Professor |no male 10 No




Fill in the table to build a model of a TA. Mark an attributes as "?" if the property has been dropped. What class(es) would match these people given your TA model and your FM model. If neither, write N
in the Class(es) column,

Example |Heuristics Used  |Model Description TAs

: |Name Class(es) |Hair Color |Title Glasses |Gender Experience |Taken
Hair Color Title Glasses Gender |Experience | Taken 6.034
Kendra |Initial Model Brown MEng yes female |1 Yes Olga Z Blond * |MEng no female 1 Yes
Kenny . rowin, Bladk ici Blond Prof Yo femal 10 No
bOP Lark ﬁ sBla f I_m\:«w 0 m. \ f\S Patricia .auz onl essor |Yes emale
Mattin | gyefendf Sct: Mm.,i...: Blake € MEn 5 7 7 | \je _\MA Matchud
i 1
Yuan  [GUAE L B Bawnt fledss Studst | 7 ) [ 9
Drflok : : I \v.u :
Bob None Prwn + ot 7 7
Mot o miermis w sicucS | St ; 4 @\wu ’

Fill in the following table to build a model of a Faculty Member (FM).

Example |Heuristics Used |Model Description FMs

Hair Color Title Glasses Gender |Expcrience |Taken
Patrick |Initial Model Blond Professor | Yes Male |10 No
Randy | Exted set Brwn -t
Pref Linlk Blond prisi 7 Male | Lo Mo
Bob AL Brwn
cithsy [P et o] 2 Male | 10 No
Mick int Brwn + oAt ?
mnmm,_...ar Blsad | Prifse] ° Male | [0 No

Lisa Prf Link m_am.w..ﬂx ;ﬂﬁraow 7 i {=] Mo
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Quiz 5, Problem 3, Big Ideas (30 points)

Circle the best answer for each of the following question. There is no penalty for wrong answers, so it
pays to guess in the absence of knowledge.

1 Ullman's alignment method for object recognition

1. Is an effort to use neural nets to detect faces aligned with a specified orientation
Relies on a presumed ability to put visual features in correspondence
. Uses A* to calculate the transform needed to synthesize a view
4. Uses a forward chaining rule set
5. None of the above

2 Ullman's intermediate-features method for object recognition

1. Is an effort to use boosting with a classifier count not too small and not too large
2. Is an example of the Rumpelstiltskin principle
Is a demonstration of the power of large data sets drawn from the internet
@ Uses libraries containing samples (such as nose and mouth combinations) to recognize faces
. None of the above

3 The SOAR architecture is best described as

1. A commitment to the strong story hypothesis
A commitment to rule-like information processing
. An effort to build systems with parts that fail
4. The design philosophy that led to the Python programming language
5. None of the above

4 The Genesis architecture (Winston's research focus) is best described as, in part, as

@ A commitment to the strong story hypothesis

2. Primarily motivated by a desire to build more intelligent commercial systems

3. Acommitment to rule-like information processing

4. Abelief that the human species became gradually smarter over 100s of thousands of years.
5. None of the above
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5 A transition frame

1. Focuses on movement along a trajectory
2. Focuses on the movement from childlike to adult thinking
Focuses on a small vocabulary of state changes
. Provides a mechanism for inheriting slots from abstract frames, such as the disaster frame
5. None of the above

6 Reification is

1. The attempt to develop a universal representation
2. The tendency to attribute magical powers to particular mechanisms
3. The process by which ways of thinking are determined by macro and micro cultures
The process of using perceptions to answer questions too hard for rule-based systems
@ None of the above

7 Arch learning includes

1. Ademonstration of how to combine the benefits of neural nets and genetic algorithms
A commitment to bulldozer computing using 100's of examples to learn concepts
3.) The near miss concept
. Acentral role for the Goldilocks principle nm . 2
5. None of the above

An intelligent teacher
. Exposure to all samples at the same time
3. Use of crossover
4. Sparse spaces d {
5. None of the above
o

m_ .Bn:S_oa.Ennnnm:&SFw .
@M_Hoﬁn s&os_wSEn_ﬁmn?gqunﬁnwnnn;"unﬁmnmunozﬁﬂmEmmﬁownsmoﬁw_am
. Disoriented rats look for hidden food in random comers of a rectangular room
3. Disoriented children combine color and shape information at about the time they start walking
4. Disoriented children combine color and shape information at about the time they start counting
5. None of the above

(7R 5
8 Arch learning benefits importantly from o& 3
| I

10 Goal trees

Enable rule-based systems to avoid logical inconsistency
Enable rule-based systems answer questions about behavior
. Are central to the subsumption architecture's ability to operate without environment models
4. Are central to the subsumption architecture's ability to cope with unreliable hardware
5. None of the above
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Duplicate data and drawings

6.034 Final, 2011
Do not hand these in

Q1,P1

Rules:
PO IF(AND (' (?x) kidnaps (?y)’',
'(?y) is a princess')
THEN (' (?x) is evil'))
Pl IF(AND(' (?x) fights (?y)',
"(?y) is evil'),
THEN (' (?x) is a hero'))
P2 IF(OR(' (?x) has an awesome hat',
' (?x) can reshape his body'
THEN (' (?x) is awesome'))
P3 IF(AND (' (?x) rescues (?y)}',
'(?y) is a princess'),
THEN (' (?x) does good deeds'))
P4 IF(AND (' (?x) is awesome',
' (?x) does good deeds'),
THEN (' (?x) is a hero'))
Assertions:

A0 'Finn has an awesome hat'

Al 'Princess Bubblegum is a princess’

A2 'the Ice King kidnaps Princess Bubblegum'
A3 'Finn rescues Princess Bubblegum'

A4 'Jake fights the Ice King'

A5 'Jake can reshape his body'
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Q5, P1

S: True if you got enough sleep the night before the final.

C: True if you drank coffee before the final.

R: True if you review the material for quiz 5 for at least four hours.
A: True if you get a 5 on quiz 5.

Furthermore, you know the following statements about each random variable to be true:

If you did not sleep enough the night before the final, you definitely drink coffee. You do not
drink coffee otherwise.

You are awake enough for the final exactly if you have had enough sleep or if you've had
coffee.

The number of hours you review for the final does not depend on whether or not you drink
coffee.

If you are awake and you reviewed for at least four hours for the final, you have an 80% chance
to solve quiz 5 well enough to get a 5.

If you are awake but you did not review for at least four hours, you still have a 20% chance of
guessing enough right answers to get a 5.

If you are not fully awake, you stand no chance at getting a 5.






