EEL-5840 Class Exam 1

Fall 2011 Sample Questions (Name)
Fall 2006
(33)
I. Recursive LISP Programming. You cannot use PROGs or any LOOP/DO constructs unless specified.
(12) a. Write the function EQUAL-SYMBOLS of two arguments that says any two numbers are equal, a symbol is only equal to
itself, and two lists are equal if all their elements are recursively EQUAL-SYMBOLS. For example:
> (EQUAL-SYMBOLS 2.2 3) > (EQUAL-SYMBOLS ‘B4 (CD (2.2))E) ‘(B2 (CD (0))E))
T T
> (EQUAL-SYMBOLS 2.2 “A) > (EQUAL-SYMBOLS ‘B4 (CD (2.2))E) ‘(B4 (3D (2.2)) E))
NIL NIL
>(EQUAL-SYMBOLS '(A) 'A) >(EQUAL-SYMBOLS NIL 'A)
NIL NIL
>(EQUAL-SYMBOLS 'A '(A)) >(EQUAL-SYMBOLS 'A NIL)
NIL NIL
>(EQUAL-SYMBOLS NIL 1) >(EQUAL-SYMBOLS 'A 'Z)
NIL NIL
>(EQUAL-SYMBOLS 1 NIL) >(EQUAL-SYMBOLS 'A (CAR '(A B)))
NIL T
(10) b. Give a LISP definition, using a mapping function to calculate the union between two sets S1 and S2. The union of two

sets is defined as the set in which every element of the union is a member of either the 1st or the 2nd set.

(union '(a b) '(c d))
(ABCD)

> (union '(a b) '(a d))
(BAD)

> (union '(a d) '(a d))
(AD)

> (union nil '(a))

(A)

(10) c. Write a function, MAKESET, which takes a simple list as input and makes a set using an accumulator. Make sure your
answers are in the correct order.

> (makeset'(abadebf))
(adebf)

> (makeset'(11122233))
(123)
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(30)
II. Artifical Neural Networks

(5) a. Consider the simple, single-input, single-output neural network shown below. Assuming a step function hidden-unit activation
function and linear output-unit activation function derive an expression for the output function z in terms of the input vector X,
the weight vector w, and the step function u.
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(10) b. What values of the weight vector w will approximate the function f(x), where a=1, b=3 and ¢=2

(10) c. Draw the network and obtain the weights to approximate function g(x), where a=1, b=3, ¢=2, d=5, and e=7.

(5) d. Give an expression for the component of the Gradient of the Error Function (dE/dwg) for the network in part (a).
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III. SR Agents

In our SR robot the sensory input vector Sis defined by the eight sensory inputs {sy, s,, s3,..., Sg}. Suppose the
robot is placed on the grid below in the tile marked R, and it is desired that the robot move toward the center 5152 83
to locate the charging station, boundary follow the charging station and come to a complete rest at location H. | S8 R,
The default direction for the robot is South You want to get the robot to its home base in an optimumway. 8786 Ss
R
N
1
W << R — E
H

(12) a. Define a feature vector X to get the robot from R to H (its home base station). {Draw the feature(s) and give the
corresponding equation}

(14) b. Give the production system rules for the robot to move toward the center to locate the charging station, boundary follow the
charging station and come to a complete rest at location H if the default direction for the robot is south.

(10) c. Give details for the first eight moves and draw the path starting at R if the robot is pointing north. As t—o, what will your
robot do? Explain.
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IV. Heuristic Search
The following figure shows a search tree with the state indicated by the tuple inside parentheses. A letter indicates the state name
and the integer indicates the estimated cost for finding a solution from that state (a cost of 0 indicates a goal state). Using the
Graph-Search algorithm discussed in class, give the algorithm steps using (1) breadth-first search. How many nodes did
breadth-first expand? Repeat using (2) depth-first search. How many nodes did depth-first expand? Repeat using (3) heuristic
search (you MUST specify a rule to break ties). How many nodes did heuristic search expand? Repeat using (4) A" search. How
many nodes did A" expand? You must clearly justify your answer(s). "Feelings" or "intuition" are not good/sound reasons. NO
JUSTIFICATION <==> NO CREDIT. You must give me the details of each step of the algorithm in order to receive any credit
for each case. Can any of these algorithms ever find N as a solution? Explain

A22
(B 20) C 10)
(D13) (E12) (E®) (G.20)

HT1) T 4) 172) (K 0) (L27) (M22) (N0 (P9)

BREADTH FIRST:
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IV. Heuristic Search. (continued)

DEPTH-FIRST:

HEURISTIC-SEARCH:

A* SEARCH:

(Name)
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I. Recursive LISP Programming. You cannot use PROGs or any LOOP/DO constructs unless specified.
(12) a. mapcar? is like mapcar except that it applies a function of TWO arguments to TWO sets of input lists. Give the XLISP
recursive program to implement mapcar2
> (mapcar2 '+ '(12) '(3 4)) > (mapcar2 '- '(12) '(34))
(4 6) (-2-2)
> (mapcar2 "* '(12) '(34)) > (mapcar2 '+ () '3 4))
(3 8) Nil
> (mapcar2 "* '(12) () > (mapcar2 - () ()
nil Nil
(10) b. An NxN complex matrix R is represented by N lists of N pairs, where the first element of each pair is the real part of

the matrix component and the second element of each pair is the imaginary part of the corresponding matrix component.
Using the function mapcar2 from part (a) above, give a definition for cadd, an XLISP function to add complex matrices.

> (cadd '((12) 34)) '((56)(78))) > (cadd “(((12) (34))((56) (78))) “(((10 10) (10 10)) (1 1) (1 1))) )

((68)(1012)) (((1112) (13 14)) (67) (89)))
- (cadd (12)69)0) > (cadd 0 '(12)(34))
ni
>(cadd () O ) > (cadd '((12)) (3 4))
nil (4 6))
(10) c. Give a recursive LISP function or use a mapping function to transpose a matrix of complex numbers, i.e., the transpose
of R complex matrix RQis given by 1+2) G-4) |° - (1+52)  (516)
(5+j6)  (7-18) G-i4) (748
> (ctransp '(((1 2) (3 -4)) ((5 6) (7 -8)))) > (ctransp () )
(((12) (56)) ((3-4) ((7 -3))) nil
> (ctransp '(((12) (3 4)) ((56) (7 8)))) > (ctransp “(((10 10) (10 10)) ((1 1) (1 1))))
((12)(56)) (B4) (7 8))) (((10 10) (1 1)) ((10 10)) ((1 1)))
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II. Artifical Neural Networks

(12) a. Consider the simple, two-input, two-output neural network shown below. Assuming a sigmoid function hidden-unit activation
function and linear output-unit activation function for each, derive an expression for the output function vector z in terms of
the input vector X, the weight vector w, and the sigmoid function u.

W13/ D14
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In particular, give the values for the h’s and net's for the 4 sigmoid units, and the Z’s in terms of W’s, h’s, and Z’s in terms of
W’s, X’s, and U(_). {12 equations / 12 points}

(2) b. How many total independent weights are contained in this neural network? Show Work! No Work, No Credit.

Answer: independent weights.

(6) c. Without any local variabke how many additions, multiplications, and function evaluations (u, U') are required to compute the

output of the neural network in terms of the inputs and the weights of the neural network? Show Work! No Work, No Credit.

Additions: Multiplications: Function Evaluations:

(4) d. Give an expression for the component of the Gradient of the Error Function (dE/dwy) for the network in part (a).
Also give an expression for the component of the Gradient of the Error Function (dE/dw,4) for the network in part (a).
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III. SR Agents

In our SR robot the sensory input vector Sis defined by the eight sensory inputs {sy, s, s3,..., Sg}. Suppose the robot is placed on
the grid below in the tile marked R, and it is desired that the robot move toward the center to locate obstacle, boundary follow

the obstacle clockwise

R N
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Sg R S4

7 S Ss

(8) a. Define the four feature vectors X to get the robot from R to boundary follow the obstacle clockwise {Draw the four feature(s)
and give the four corresponding equations}

(5) b. Give the five production system rules for the robot to move toward the center and boundary follow the obstacle clockwise

(5) c. Give details for the first four moves and draw the path starting at R if the robot is pointing north. As t—o0, what will your
robot do? Explain.
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IV. Heuristic Search
In the following 8-Puzzle we use {D,R,U,L} and LIFO to resolve ties, we have a choice of Breadth-First Search (BFS), Heuristic
Search (HS) and A* Search. Give the order of preference of the procedures (i.e., which procedure yields the least, the second
best, and worst total of nodes expanded) if you assume that moves that take you back to a previous state are not allowed?
You must clearly justify your answer. Justification may take the form of drawing the search tree and counting the nodes
evaluated or any other "sound reason" by which you can reach the conclusion. "Feelings" or "intuition" are not good/sound
reasons. NO JUSTIFICATION <==> NO CREDIT

INITIAL GOAL
1 _4 123 Where f(n) = g(n) + h(n)
832 ==> 8 4 g(n)=d(n)=depth of each node
765 765 h(n)=P(n)=Manhattan distance



EEL-5840 Class Exam 1
Fall 2011 Sample Questions (Name)

Fall 2008

(31)

I. Recursive LISP Programming. You cannot use PROGs or any LOOP/DO constructs unless specified.

(10) a. One useful function that combines flow of control and function mapping is called SOME. This is a function of two
arguments, which should evaluate to a function and a list. SOME applies the function to successive elements of the list until
the function returns a non-nil. Then it returns the elements of the list from that point on. It returns nil otherwise. Give a
RECURSIVE DEFINITION for SOME {No PROGs, No DOs, No LOOPS}

> (SOME #NUMBERP '(AB 2 C D)) > (SOME #NUMBERP '(A B C D))
(2CD) NIL
(10) b. In homework 3 you were asked to write the function, SETDIFF, which when given two sets as input, returns all elements

in the first set which are not in the second set. Write SETDIFF using a BUILT-IN MAPPING FUNCTION {if you do not
remember the built-in mapping functions, give & use your own mapping function}

> (SETDIFF '(ABCD) '(BA)) > (SETDIFF '(ABCD) '(DEF))
(CD) (ABCO)
> (SETDIFF '(ABC) '(CBA)) > (SETDIFF '(DEF) '(ABC))
NIL (DEF)
(10) c. Give a TAIL RECURSIVE / ACCUMULATOR-BASED LISP function COUNT-TOP-ATOMS to count the number of top level
atoms in a given list expression. {No PROGs, No DOs, No LOOPS}
> (COUNT-TOP-ATOMS '(SQRT (EXPT X 2) (EXPT Y 2))) > (COUNT-TOP-ATOMS () )
1 0
> (COUNT-TOP-ATOMS '(A B C)) > (COUNT-TOP-ATOMS '((A) B (C D) E))
3 2
> (COUNT-TOP-ATOMS '((A) (B) (C))) > (COUNT-ATOMS NIL )
0 0

10
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II. Artifical Neural Networks
(6) a. Consider the simple, single-input, single-output neural network shown below. Assuming a unit bump hidden-unit activation
function b(x) {see/\below} and a linear output-unit activation function derive an expression for the output function z in terms
of the input vector X, the weight vector w, and the bump function b. b
A

\ 4

Sx)

(6) b. What values of the weight vector w will approximate the function f(x) shown? 24

2 T

(6) c.If an input pattern is given by (X,y) give an expression for the error function E using the mean-square error criteria.

(6) d. Give an expression for the component of the Gradient of the Error Function (E/dws) for the network in part (a).

11
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III. SR Agents
In an SR robot the sensory input vector S is defined by the three sensory inputs {si, s, s3}. Suppose the robot is placed on the
grid below in the tile marked R and it points north, and it is desired that the robot avoid obstacles.

t S S2 | 83 1 213 Actions Result
R
t t 4 1) Fwd R goes to 2 and
R R points North
716 |5 2) Rev R goes to 6 and
points South
3) HL R goes to 8 and
points West
N 4) SL R goes to 1 and
points N
t 5) HR R goes to 4 and
points East
W |« |R |—> |E 6) SR R goes to 3 and
points N
!
S

(8) a. Define feature vectors X; to get the robot R to avoid obstacles. The actions the robot can take are to move 1 tile (the robot can
move 1 tile diagonally) specified in the table above, where the robot is assumed to be at the title designated “R” and points
north. These actions are: forward (Fwd), reverse (Rev), hard left (HL), soft left (SL), hard right (HR) and soft right (SR).
{Draw the feature(s) and give the corresponding equations} Also specify tight space conditions/restrictions if you assume
that the robot can be off not less than 10% left or right on any one tile position.

(5) b. Give the production system rules for the robot to avoid obstacles.

(5) c. Give details for the first five moves and draw the path starting at R if the robot is pointing up. Use (row,col) indexing to refer
to the robot position. The robot starts at position (1,4). Show your work. Will the robot explore the entire space?

Start:

12
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IV. Heuristic Search
The following figure shows a search tree with the state indicated by the tuple inside parentheses. A letter indicates the state name
and the integer indicates the estimated cost for finding a solution from that state (a cost of 0 indicates a goal state). Give the
algorithm steps using (1) A" search and (2) IDA* search. In particular, how many nodes did A" and IDA* expand? Which
algorithm performs the best? You must clearly justify your answer(s). "Feelings" or "intuition" are not good/sound reasons. NO
JUSTIFICATION <==> NO CREDIT. You must give me the details of each step of the algorithm in order to receive any credit
for each case. Can any of these algorithms ever find N as a solution? Explain

(A11)
(BM 5)
D7) (E6) E7) (G_10)
(H6) (12) 1 (K 0) (L 14) M 11) (16\@ 5)

A* SEARCH:

IDA* SEARCH:

Which algorithm performs the best?

Explanation for whether or not the goal node (N 0) is/is not found:

13
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I. Recursive LISP Programming. You cannot use PROGs or any LOOP/DO constructs unless specified.

(10) a. Give a recursive definition for INSIDEXP, a predicate that determines whether a given sub-expression occurs anywhere in
a properly formed LISP list expression. {No PROGs, No DOs, No LOOPS}

(SETF FORMULA '(SQRT (/ (+ (EXPT X 2) (EXPT Y 2))2)))

> (INSIDEXP 'X FORMULA) > (INSIDEXP 'Z FORMULA)
T NIL
> (INSIDEXP '(X 2) FORMULA) > (INSIDEXP '(EXPT X 2) FORMULA)
>T >T
> (INSIDEXP '(SQRT X 2) FORMULA) > (INSIDEXP 2 FORMULA)
> NIL >T
(10) b. An nxmreal matrix H is represented by n lists of mnumbers. Write a recursive function ROWORCOL that finds if a vector
V is a row vector or a column vector in H. Give the definition of any additional function(s) you use. {No PROGs, DOs,
LOOPS}
>(SETF H1'((123)(456)(789))) >(SETF H2'((123)(456)(78)))
(ROWORCOL '(1 24) H1) (ROWORCOL '(7 8) H2)
NIL (78)
(ROWORCOL '(14 7)H1) (ROWORCOL '(3 6) H2)
147 NIL
(ROWORCOL '(3 69)H1) (ROWORCOL '(3 6 NIL) H2)
(369) (3 6 NIL)
(10) c. In Holland’s GA example in class we had 5-bit input Binary strings with a Fitness Function f(x)=x". Give a LISP

function to evaluate the Fitness Function for n Binary strings of 5-bits each. {Hint: To convert a 4-bit binary vector (1 1 0
0) to decimal take the dot product with (8 4 2 1)}

> (FITNESS'((01101)(11000)(01000)(100 1 1))) > (FITNESS '((000 1 1)(00000) (1111 1))
(169 576 64 361) (90961)

14
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II. Artifical Neural Networks
(6) a. A simple, single-input, single-output neural network is used to synthesize the function f(x) below. Assuming a unit step hidden-
unit activation function u(f) and a linear output-unit activation function give the neural network for the output function z in
terms of the input X, a set of weights w, and the activation function u.
foo

Draw your answer inside the box

(6) b. Derive an expression for the output function z in terms of the input vector X, the weight vector w, and the activation function u.

(6) c. What values of the weight vector w will approximate the function f(x) shown?

(6) d. If an input pattern is given by (X,y) give an expression for the error function E using the mean-square error criteria.

(6) e. Give an expression for the component of the Gradient of the Error Function (JE/ow;) for the network in part (a), where i is the
weight of the input vector X going into the second hidden unit.

15
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III. SR Agents

In our SR robot the sensory input vector Sis defined by the eight sensory inputs {sy, s,, s3,..., Sg}. Suppose the

robot is placed on the grid below as shown and it is desired that the robot move toward the center and S188 87
boundary follow the obstacle. s2 R s
S3 S4 S5

N

!

G R W <« R — E
S S

(5) a. Define feature vectors X (like in chapter 2 of Nilsson) to get the robot R to boundary follow the obstacle counter-clockwise.
The actions the robot can take are to move 1 tile {N, S, E, W}. Draw the feature(s) and give the corresponding feature

equations. Also specify tight space conditions/restrictions like those in chapter 2 of our textbook, if needed.

(5) b. Give the production system rules for the robot.

(6) c. Give details for the first five moves and draw the path starting at R. Use (row,col) indexing to refer to the robot position. The

robot starts at position (4,7). Show your work.

Start:

16
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(7) d. Give details for the first five moves and draw the path starting at S. Use (row,col) indexing to refer to the robot position. The
robot starts at position (6,2). Show your work. Will the robot visit G? Explain why or why not.

Start:

17
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IV. GA Systems

Class Exam 1

Sample Questions

(4) a. In Chapter 4 in our textbook, the machine evolution program does
crossover by randomly choosing the crossover points as shown. Give
the resulting child program(s).

Mother program

(Name)

Randomly chosen
crossover points

\
ONS
(o)

Father program

(5) b. In the example done in class from Holland’s work on GAs, we wanted to maximize the function f(X)=x’, 0=x<31. Fill in the 2n
iteration table and give the resulting expected generation population.

String

Fitness

% of Total

n*%

01110

11001

11011

10000

Total

(4) c. Using the expected population in part b. above after spinning the wheel four times, perform crossover to get the next generation
population if the random crossover points are 1 & 4, respectively. Choose the population strings in the order (3,4,1,2).

String

Mate

Crossover Site

New String

Fitness

11011

10000

11001

11011

(D) Did the population fitness increase? Explain.

18
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I. Simple Recursive LISP Programming. You cannot use PROGs or any LOOP/DO constructs.

(10) a. Given the following lists of simple-list-pairs of adjective (ADJ-OPP) and/or noun (NOUN-OPP) opposites, write a recursive
function LOOKUP to return the opposite of a simple noun or adjective.

Lisp— ( SETF ADJ-OPP '((BIG LITTLE) (LITTLE BIG) (GOD BAD) (BAD GOOD) (HOT COOL) (COOL HOT)) )

((BIG LITTLE) (LITTLE BIG) (GOD BAD) (BAD GOOD) (HOT COOL) (COOL HOT))

Lisp— ( SETF NOUN-OPP '((BROTHER SISTER) (SISTER BROTHER) (DOG CAT) (CAT DOG) (APPLE ORANGE) (ORANGE APPLE)) )

((BROTHER SISTER) (SISTER BROTHER) (DOG CAT) (CAT DOG) (APPLE ORANGE) (ORANGE APPLE))

Lisp— (LOOKUP 'BIG ADJ-OPP) Lisp— (LOOKUP 'BROTHER NOUN-OPP)
LITTLE SISTER
Lisp— (LOOKUP 'BAD ADJ-OPP) Lisp— (LOOKUP 'DOG NOUN-OPP)
GOOD CAT
Lisp— (LOOKUP 'HOT ADJ-OPP) Lisp— (LOOKUP 'APPLE NOUN-OPP)
COOL ORANGE
(10) b. Given the same lists of simple-list-pairs of adjective and/or noun opposites as in part (a) and assuming the function

LOOKUP above exists, write a function FLIP to return the opposites of a simple two atom list as a list.
Lisp— (FLIP '(BIG SISTER) )
(LITTLE BROTHER )

Lisp— (FLIP '(BAD APPLE) )
(GOOD ORANGE )

Lisp— (FLIP '(HOT DOG) )
(COOL CAT)

19



EEL-5840 Class Exam 1
Fall 2011 Sample Questions (Name)

Fall 2010 Exam
(25)
II. Intermediate Recursive LISP Programming. You cannot use PROGs or any LOOP/DO constructs.

(15) a. Write a function EVAL-INFIX that evaluates expressions written in infix notation, containing only Lisp functions that can
take two arguments (which themselves can be function calls). Assume the expressions contain only numbers and defined
XLISP two-argument functions. In this exam dispense with type-checking completely. For example:

Lisp— (EVAL-INFIX '(3 + 4) )

Iiisp—> (EVAL-INFIX '(3 * 4) )

Iljsp—> (EVAL-INFIX '3 + (4 * 5)) )

i?sp—> (EVAL-INFIX (4 * 5) - (3 + (2 * 4))))
9

(10) b. Using the built-in function MAPCAR or the built-in function MAPCAN (which is like MAPCAR except it uses APPEND
instead of CONS) give a definition for a LISP function FILTER to prune a list, picking out only the entries that satisfy some
specific test e.g., keep only the numbers or keep only the letters.

Lisp— (FILTER (A3 B 24 C 7) #NUMBERP)
(3247)

> (FILTER (A3 B 24 C 7) #SYMBOLP)
(ABCO)

20
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III. Artifical Neural Networks
(6) a. A simple, single-input, single-output neural network is used to synthesize the function f(x) below. Assuming a unit step hidden-
unit activation function u(f) and a linear output-unit activation function draw the neural network for the output function z in
terms of the input X, a set of weights w, and the activation function u.

fx)

(4 pts) Draw your answer inside the box
>

1 1 2 3 |3 X

| (2 pts) How many hidden units do you need and explain why? |

(6) b. Derive an expression for the output function z in terms of the input
vector X, the weight vector w, and the activation function u.

(6) c. What values of the weight vector w will approximate the function f(x) in part (a)? Fill in & put your answers in the table below.

W vector W, W, Ws
value

(6) d. If an input pattern is given by (X , y) give an expression for the error function E using the mean-square error criteria. Note that
E is to be expressed as a function of y and x and the vector {w;} only

(6) e. Give an expression for the component of the Gradient of the Error Function (JE/ow;) for the network in part (a), where i is the
weight of the input vector X going into the very first (leftmost) hidden unit.

21
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III. SR Agents

In our SR robot the sensory input vector Sis defined by the eight sensory inputs {sy, s,, s3,..., Sg}. Suppose the

robot is placed on the grid below as shown and it is desired that the robot move toward the center and 57 56 8s

boundary follow the obstacle. ssRsy
S182 83

(8) a. Define feature vectors X (like in chapter 2 of Nilsson) to get the robot R to boundary follow the obstacle counter-clockwise.
The actions the robot can take are to move 1 tile {N, S, E, W}. Draw the four feature(s) (4 points) and give the corresponding
four feature equations (4 points). Assume tight space conditions/restrictions like those in chapter 2 of our textbook, if needed.

(5) b. Give the production system rules (5 rules) for the robot.

(3) c. Using the Nilsson ‘Tight Spaces’ conditions explained in Chapter 2 of the textbook, is it possible for the robot to reach the
goal (the tile marked with a “G” in the corridor in the diagram above)? Explain in detail. No explanation / No credit.

Answer:

(6) d. Give details for the start position and the next five moves and draw the path starting at R. Use (row, col) indexing to refer to
the robot position. The robot starts at position row=4 and col=2 i.e., (4,2). Show your work. No details / No credit.

Pntoi

Pntlz

Pnt2:

Pnt3:

Pnt4:

Pnt5:
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