CSE 401/M501 18sp Midterm Exam 5/2/18

Name ID#

There are 6 questions worth a total of 100 points. Please budget your time so you get to
all of the questions. Keep your answers brief and to the point.

The exam is closed books, closed notes, closed electronics. Please turn off all cell
phones, personal electronics, alarm watches, and pagers, and return your tray tables and
seat backs to their full upright, locked positions. Sound recording and the taking of
photographs is prohibited.

If you have a question during the exam, please raise your hand and someone will come to
help you.

Please write on the front of each page only. Those are the only pages that will be
scanned for grading.

Please wait to turn the page until everyone is told to begin.

Score

1 /14
2 /10
3. /12
4 /34
5 /15
6 /15
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Question 1. (14 points) Regular expressions. We would like to process strings that
represent simple polynomials. A polynomial is the sum of a sequence of one or more
terms, and each term consists of a positive coefficient, the variable x, and an exponent.
There is a * character between each x and the corresponding exponent. The last term
(only) in a polynomial can be a coefficient without the variable x and its exponent. Some
examples:

2xM7+3x72+42 IXMH5xM3 2xM243xM+IxA2+5 17

Simplifications and restrictions:

e Polynomials have at least one term (i.e., are not an empty string).

e The only variable in these polynomials is the single letter x.

e Coefficients and exponents are strings of decimal digits 0 through 9 that do not
start with a 0, i.e., all coefficients and exponents are non-zero positive integers
with no leading Os.

e The last term (only) can be a coefficient (integer) by itself. All other terms must
have an x and an exponent.

e Exponent values may appear in any order and may be repeated in different terms
in the same polynomial (i.e., 2x"2+5x"3+1x"2 is legal).

e Coefficients may not be omitted (i.e., x*2 is not legal, 1x"2 is)

e If x appears, it must have an exponent.

e There are no negative coefficients or exponents, and no - operator.

e There is no whitespace (blanks, tabs, etc.) in a polynomial string.

Some strings that are not polynomials according to these rules:

x"2 (no coefficient); 3x (no exponent); 17+1x*2 (only last term can be an integer without
a x”... following); 3x"0, 3x"01, 0, 03x*2, 3x*5+017 (leading Os not allowed), 23 (no x).

As with homework problems, you must restrict yourself to the basic regular expression
operations covered in class and on homework assignments: r s, r | s, r*, r+, r?, character
classes like [a-cxy] and ["aeiou], abbreviations name=regexp, and parenthesized regular
expressions. No additional operations that might be found in the “regexp” packages in
various Unix programs, scanner generators like JFlex, or language libraries are allowed.
Write your ....

answers on ...

the next page.

Remove this page from the exam and do not include it when you hand in your exam.
It will not be scanned or graded.
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Question 1. Write your answers here. Hint: it may be useful to work on the regular
expression and the DFA parts simultaneously.

(a) (7 points) Give a regular expression (or collection of regular expressions) that
generates all valid polynomials according to the above rules.

(b) (7 points) Draw a DFA that accepts all valid polynomials according to the above
rules.
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Question 2. (10 points) Scanners and tokens. To see what would happen, we ran our
MiniJava scanner using a file containing the following Ruby code fragment as input:

if a <=1 do
data = {:while} // to return
end

Below, list in order the tokens that would be returned by a scanner for MiniJava as it
reads this input. If there is a lexical error in the input, indicate where that error is
encountered by writing a short explanation of the error in between the valid tokens that
appear before and after the error(s) (something brief like “illegal character #” if a “#” was
found in the file would be fine). The token list should include additional tokens found
after any error(s) in the input. You may use any reasonable token names (e.g., LPAREN,
ID(x), etc.) as long as your meaning is clear.

A copy of the MiniJava grammar is attached as the last page of the test. You may
remove it for reference while you answer this question. You should assume the scanner
implements MiniJava syntax as defined in that grammar, with no extensions to the
language.
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Question 3. (12 points) Ambiguity. Consider the following grammar:

A:=x = B;
B:=B+B
B:=y

(4 and B are non-terminals, x, y, +, =, and ; are terminals)

(a) (6 points) Is this grammar ambiguous? If so, give a proof that it is by showing two
distinct parse trees, or two distinct leftmost (or rightmost) derivations, for some string. If
not, give an informal, but precise argument why it is not ambiguous.

(b) (6 points) If your answer to part (a) is that the grammar is ambiguous, give an
unambiguous grammar that generates the same language as the original grammar. If
there are several possible solutions, give one where precedence and associativity are
handled the same as in Java (i.e., + is left-associative, etc.) if that is possible.

If the grammar in part (a) is unambiguous, you may leave this part of the problem blank
to receive full credit for it.
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Question 4. (34 points) The LR parsing question that always has a funny(?) slogan.
Here is a tiny grammar.

M
ST RN N

(a) (12 points) Draw the LR(0) state machine for this grammar.

=ADb
=aBhb
=a
=D

S'::=8$ (S represents end-of-file)

(b) (8 points) Compute nullable and the FIRST and FOLLOW sets for the nonterminals

S, 4, and B in the above grammar:

Symbol

nullable

FIRST

FOLLOW

S

A

B

(continued on next page)
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Question 4. (cont.) Grammar repeated from previous page for reference:

M
S RN N I
.-.-.li"
QD
S

(c) (10 points) Write the LR(0) parse table for this grammar based on the LR(0) state
machine in your answer to part (a).

(d) (2 points) Is this grammar LR(0)? Explain why or why not.

(e) (2 points) Is this grammar SLR? Explain why or why not.
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Question 5. (15 points, 5 each) LL grammars. For each of the following grammars
indicate if it satisfies the LL(1) condition, i.e., it is possible to construct a predictive
parser using the grammar. If the grammar is not LL(1) explain why not. (Hint: you may
find it helpful to determine FIRST, FOLLOW, and nullable for some or all of the non-
terminals. But the answers can probably be figured out without having to go through all
the details of the algorithms to compute those sets, and you do not need to do that.)

(a) P:=a bQcR
Q:=c|RDb|e
R:=a

(b) P:=a bQcR
Q:=c|RDb
R:=a

(c) P:=a bQcR
Q:=c|RDb
R:=a]lc
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Question 6. (15 points) Semantics. Bowing to popular demand, we’ve decided to add a
for loop to MiniJava. The syntax is for (init; test; update) Statement. The init and
update parts are arbitrary Statements; the test part is an expression that must evaluate to
true or false. Asin C or Java, the init, test, and update parts of the for statement do
not have to be related to each other, e.g., for (1=0; x<y; n=17) b=false; is
legal (although it is terrible style).

(a) (7 points) Given the statement for (i=0; i<n; i=i+1) =x=1i+x;,draw an
appropriate Abstract Syntax Tree (AST) for that statement below. Don't worry about
matching the exact structure of the MiniJava AST classes — just be sure your drawing
shows a reasonable AST for this statement.

(b) (8 points) Annotate your AST by writing next to the appropriate nodes the checks or
tests that should be done in the static semantics/type-checking phase of the compiler to
ensure that this statement does not contain any errors. You do not need to specify an
attribute grammar — just show the necessary tests. If a particular test applies to multiple
nodes you can write it once and indicate which nodes it applies to, as long as your
meaning is clear and readable.

Page 9 of 9



