/f/ UCLA Computer Science 35L final exam - Winter 2020

JRWREd GAY A

e — e — e p— i e e A P A i ——
|

Y~ . |A$5ul=-"—ﬂf =

100 points total. Open book, open notes, open computer. Answer all
questions yourself, without assistance from other students or outsiders.
Although this exam is designed to take 180 minutes, under the
circumstances it is simply a takehome exam.

Print this exam, write your answers on it, scan the completed exam, and
upload your scans to CCLE Gradescope by 15:00 Monday (Los Angeles time).
If you do not have easy access to a scanner, carefully photograph the
sheets of paper with your cell phone and upload the photographs. Save
your filled-out exam and do not give or show it to anybody other than an
instructor or TA; we will send you instructions later about what to do
with your filled-out exam.

If you lack access to a printer, read the exam on your laptop’s screen,
write your answers on blank sheets of paper (preferably 85“x11”) with
one page per question, and upload the scanned sheets of paper. Please
answer every question on a new sheet of paper. At the end of the exam,
you should have scanned and uploaded as many photographs as there are
questions. If you do not answer a question, scan a blank sheet of paper
as the answer.

As previously announced, the exam is open book and open notes, but due
to circumstances we are also making it open computer. You can use your
Laptop to use a search engine for answers, and to run programs designed
to help you answer questions. However, do not use your computer or any
other method to communicate with other students or outsiders, or
anything like that. Communicate only via CCLE and Gradescope to obtain
your exam and upload your scanned results, or via Zoom or email with the
instructor or TAs.

*IMPORTANT* Before submitting the exam, certify that you have read
and abided by the above rules by signing and dating here:

Date:m

1 (1 point). Every directory in Linux is initialized with at least two
other directories inside it. What are these two directories and why are
they there?
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2 (4 points iSiNeoney e an inode that we’'ll call inode A{a:lggié '
count of 3. ' This Inodetholqeiintoria: 0 about the regu £ 3 that
‘foo’. Consider another inode B also with a link count of'lldwiﬁg:
holds information about the directory ‘bar’. Answer the 01 -Ne g
questions about inode A as if they were executed sequential y{.,& !&
if the link count increases from 3 to 6 in (1a), use the new link
count of 6 for {1b)

2a. What happens to the ink count for A when we create two new hard
links (h1 and h2) to foo? il

| inCreases 1o § links

unt for A when we create a symbolic
bolic link s2 to s1? i
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and then a sym

: 2c. Is it possible to create a symbolic link inside the gir
5 that causes a cycle? If so, write a command to create a
explain why not.
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3 (2 points i
). Consider the following Bash script:
wing Bash script:

#Ifbln/bash L=
a=2 ‘ B
S : A
€d: *s/2' §{at "}/f /g dnpu, tr R

Assuming th

S EEilae o :
no execut
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file, w
4 (2 points). Given an existing non-empty text file, my
the following command do?

Us -A | grep "AL1.% > myfile 2561 In Ao cuer] 3‘\\'@0’\“‘6/ l"‘"’%‘_.ﬁ“{ﬁ :
A\’WP}“J A l\‘j G‘E A” }\H&t}\’il\ %\es J\WQC-}“\&% rh) +}\€A :ﬁ_
.{\:.'.'!’\'\. (8 H'"/ S‘]AE'\( \l) rqa\rec-\-eh ’\'O V\J}\d\-\-ewr S‘}. v ..
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5 (4 points
eXeCutable.)'A?SSume a Bash script

named foo exists and o
SO assume foo has the fOILUWin;¥§t 5: ;,f -
#! /bin/bash ; Icture
echo
echorvmis e
echo =
echo

TGy
line 4; ca${4}ts"

-/Too I love ‘eating rro' :
| The resulting stdout output is as follows: 3 3 q»f3:
| line 1: I 2y JE
; line 2: $2 oLy
5 line 3: I love eating rro g
= line 4: cats el A

Complete the echo statements to
stdout output. Make sure that th
arguments. For example:

0y J._‘L.Il* LI
./foo John Smith loves rro Sl »

should produce the following stdout output:

A MO AT TS A WREL T INE E SRACEE

line 1: John
line 2: $2 | ol
line 3: John Smith loves rro ~r;ﬁ~£»
line 4: carrots ¥ 5

echo + i ASt
echo g 2: 52

eichpr L e e
echo line Ut cad{Udts'
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6 (8 points). Write an extended regular expression that matches
non-empty strings that consist of only characters A and B, in whi
the number of As is 3n, where n is a non-negative integer. You W
get 4 points if your solution doesn’t exclude the empty string but
otherwise correct. These are example matches, one example per line:

B 3
BAAA A et W
AABBA

BBBB - ‘ - F g
ABABAB it v
AAAAAA gha:,

(8% 4) 34)+B5 B+ B



7 (8 points),
“locations, csy”
coordlnates

Suppose you receive a comma-sepa
Hé containing a list of locations
re are the first 5 lines in the

id.location -_“mqq.“i@;:#

%,“In-N-out" T iavrieas
’ "Salt & Strawu = s

3,"Rocco's Tavern" : 12?4"¥’B

4,"Tatsu Ramen"

The first row contains the column names separated by comma&
successive row contains a unique data entry.

A correctly formatted data line follows these rules:

* Exactly two fields separated by commas, i.e., each line has exact!

one comma.

* The first field (i.e., id) is a non-empty string of ASCII digits.

* The second field (i.e., location) starts and ends wit
quotation marks ("), and may use uppercase/lowerc AS
spaces ( ), hyphen-minuses (-), ampersands (&), or apostrop

You notice after looking through the file that some entries do

follow the format listed above, and you'd like to remove them.

a shell command that reads the file from stdin and prints only

correctly formatted lines. Do not include the header line s

(“id, location”) in the output of correctly formatted lines. ,:,;;l,ﬂlk‘
F \
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3 class pelow:

problems 8 through 10 use the python

class FruitSalad: :
def __init__(self, fruits):
self.fruits = fruits 3

def add,fruits(self, new_fruits):
—ol . fEUEES A new_fruits
new fruits = []
if __name__ =% “ main__ " S
7= [tanplewy Tpanana' | o e
y = ['strawberry', 'watermelon'] A1 1 OO
' 14 A i
<alad = FruitSalad(x) ok
salad.add_fruits(y)

what is the value of the Listy after calli
Explain your reasoning in a COUPRE 5%

8 (3 points).
calad.add_fruits()?

= ' N \
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923 Points) :
) SUDDDSe We add 3 Class Variable melons tq FruitSalég?ge :
Class FruitSalad:
m -_ i 1 I
'?1005 [‘watermetqn + "honeydey' ‘cantaloupe']
Write an

: ex of every
N SELT. Finiiitod Sy a return value

Should be j Python dlctionary Mapping the melon (a string) to the

index. For example running fing melons() on the

return { 'watermelon‘: 3% 0

prior code should
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(2 i | age 11
= ;ix(thgoéigaiémwgat S the problem with the following C code? L :
= a way that best matches the evident intent.
| #1include <stdio.h>
typedef stryct {
int x: ) o
int y; \-i"fll\?'ﬂ‘.
P i e r
} Point; DRELN H@A(»_ r(r,l.mll[ ) 15« ff-"ml
Point *create point Lk ‘ |
Point p; R V(YR Avs o rP'V ity The
s cren\elgint fonchion once 2x11ng
- — r J
return &p: the Linedi, AR
} p 4 IIH-L‘I" LLCT \Li Uf"T'{;r "1’(,! i
| | | II: A\ ll{ 1) t}'k"‘]' L/['.-"'l‘l- i) :.’ ’ o n as !
int main() { w W have AL ET I )
. ) \ \llr‘-lll,{’ \lnf ! | 1
Point *p = create_point(); 'Wb*"hﬁﬁ De e
printf("(x, y) = (%d, %d)\n", p->x, p->y): i
return 0;
}
A ,
: i
|
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are worried that attac

cEASnet network (but not the SEASnet §er¥§;5 o

that the attackers want to prevent this LR Vi

conducted fairly. we decide to conduct thi i z

Jefeat the attackers, as followi.f.St%deggs ;rint it out, take the
inal. ,

me/eggert/cs35L/ p123-455~739.pdf.(Wh?Fe

the exam from /ho
i file named
n the result into a n upload the

12. Suppose we

123-456-783 15 eir s ! r anc
/humefeggert/cs35L/suhmit/123-456-789.pdf and the professo
take it from there.

n defeat this

12a (1 point). Describe a simple way the attackers car ¢
S the exam from being conducted falrlyianyway-

approach and preven% :
r i rop ! A G i\ Ed '}C- 1{ “‘:L'T' C W ( 0 U(’f AN \ r\“:’q ( U {C

’A\; - B 4 \ :

: ( ATCer) To ntele \ﬁ) ¢ heroe Mr\%* (2450 p p_.\-.r}/

’ ot Bk Aoy an yuet Sllc trashed the retwirl at ar
) " -3."'\,-2'-?[-""\ ‘!ﬂym 4o }uwr\lw). o U‘()\fiﬂ)‘ T "(hﬁ'_\' +=‘.l1_\;-l E "TI'\
Suppose the attackers are passive, i.e., they do not _(,t_lmp\eerﬂ‘- NG,

SEASnet network behaves, but can still get copies of all *135+3 . :
the data sent across the network. what information can they easily
learn about the exam and how it was conducted? What information will

it be hard for them to discover?
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12¢ (2 points). Changing the subject sli v, does it ever make
Sl ct slightly, does it ever make
zﬁgng;gn:ieﬁﬁaﬂLi scE' command to copy a fiiEtdir9ctly from
nux host to another? If so, exj S e
i st to another? If so, explain why; ;ﬁ.n
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13 (14 points Total)
. - You must pe 111
not write gpe yourself? In tpis pﬁsg{e;aﬁébls

. - r with grep by now. Why
9rep variant with a different regular expressi

ill use C to implement a
on format.

In our implementation grep will
S i i
e Tatenine fon tandard 1nput and output only the matching text from

: €S, and output nothin if nothi '

R _ g othing 1s matched. The
g text for : uld be output right after the

newline or reaches EOQF.

Your implementation Will only support a small set of regular
€Xpression tokens. The supported list includes the following:

\

Any characters other than those in the list will be literal. The
backslash \ is an escape character that can make any single character
after it literal; a valid regular expression cannot end in an
unescaped backslash. Similar to homework 4, the input might NOT have

a trailing newline. 1In such case, your program should still correctly
process the last line and output the matching text.

For simplicity, you need only return the first match for every
matching line. For example, if the regex is ‘a’, and the input is
‘aaaaa’, you only need to output ‘a’ so that you would need to parse
the input only once to find the matching text.

We will assume there will be no errors while reading, writing, and
allocating data so that you do not need to worry about outputting
error messages and exiting the program for these cases.

Use getchar and putchar to do I/0, and use malloc, realloc, free to
allocate memory for your input data.

Use the template on the next page to implement your program.

[page 13]




(continued from previous page)

#include <stdio.h>
#include <stdlib, h>

const char LF = '\p';

int valid_regex(const char *regex) ;

void process(const char *regex):

vold addchar(char *line, Size_t *nchars, char ch);
char *match(const char *regex, char *line);

int main(int argc, char *argv[]) {
if (arge 1="2)

fprintf(stderr, ‘mygrep: there should be only one argument\n") ;
return 1;

if (!valid_regex(argv[l]]) {

fprintf(stderr, "mygrep: invalid reguLar'ExpreSsithn"):
return 1: S

process(argv(1]); R
return Q;

} et

void process(const char *regex) {
char *matched = NULL ; A1
char *line = NULL; Lo
size t nchars = 9: J-
while (1) {
int ch = getchar(); i
if (ch == EOF) { ' % 7 R
if (nchars != 0) { ] B
line = addchar(line,_&nchéfs}‘LF};
line = match(regex, line);

! T
nchars = 0; b
break; ; e L
} else { : St i )
line = addchar{ling,'&nchars,:thif A LR 1L

if (ch == LF) {
line = match(regex, line);
nchars = 0; '
}
}
}
}

Your task is to write the func
with the given signatures, T|
array that contains the nu!

(continued on next page)




13a (1 point) ,
LEate argument

int valid_regex{cnnst Char *regey)
/* Write your implementation-here. i

Implement ¢

he function fvalid

regularuEpres




[page

(continued from previous page) _;Fzz
! ' that adds a cha racter "R,
n 'addchar that el ko'

13b (3 points). Implement the netio
(3 points) p the fu i Teed to Use rea

to the dynamically allocated array, You of
this function.

char *addchar (char *line, size_t *nchars, char ch)
/% Write your implementation here. */

A\
”~ Y
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[page 17]

2 B _ ‘match’ that cap match the
/] imzidglzpet?inigfreSpOﬂdlng r€gex, and prints oyt the matching text
the ling variabllonf The function should always return NULL so that
ANlo e € WIlL get recpt after matching, Please free a1
0 memory ingjqe the match function,

€ at least two dpproaches tg implement this function, The
g;;;;igg$lwould be Storing the matching characters 10 a new
: Y allocateg array and print out after iterating through the
ne. The g her One would pe having the start index ang the end index,
and thenp MovVing these indices tg circle th
that needs to be printed,

€ range of text in the line

char fmatch (const char *regex, char *line)
/* Write your

implementation here. xy

- .—' !
f ] (7 f—-.l 0
. \ o 1 8 lipe ) line ”\J?x];a\n JngPy-r‘Af‘;Hff‘l”"hhh}’H)é
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7
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g \ 3 = \\'\, ! l! ’(\
| | 1
{ { MAHE =1
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3 b
! L
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% fegex [regen, ndex]) §
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| 14 (5 points). Use the ‘read’ system call with bUffersizecilz‘ﬁ
{ a naive implementation of getchar() with the following function
| signature taken from <stdio.h>:

#define EOF (-1)

/* Return a character read from stdin, or EOF if no character/error.
int getchar(void); :

| + .f:)ffl\fk‘ﬂ-{( VU‘>)2
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15 (10 points total)

: Yo i =1
define how to cq are maintaining a ¢ prasecs
same length. Mpute the g 9 a C project,

m and differenge of any two tfh 1on oy
Your task is tgo ; *"":ﬁgrg_&; "
Write two fileg: mas A % : STl i
inte ; : 1les: main.c Lnf: b ELE IS ,
9€r overflow in thie question, - ond Makefile. Please ignore oy Suas
i, Eamath, . S
You are given fiye ' Dedst
addchar. c Subchar. ¢ AUy 20 DIMEE. D
: TLLE i 5. ,\'IS}.L;T 2. \
C'Dﬂ}putechar.h: ; T 'H?-fé{!(
Mt subChar(char a, char b); St o
:E-n.t addstr(Char *a' Char *bi' i .!;'.?qr‘,_i.'.'_}
addchar.c:
#include <computechar.hs 8 ‘ﬂn'ij $
%nt addChar(char a, char b) ; ; o ekl
i v araiaent e ;
} gy, P
subchar.c:
#include <computechar.h> .
int subChar(char a, char b) -
i oS %
addstr.c: A
#include <computechar.h> (earicy MM
int addStr(char *a, char *b) Nl e
{ P
int result = 0; -3 : K
/* for index i between @ and len(a)-1: 7
result += addChar(a[i], b[i]); */ YT
}éfurn result; yjry e
} i
substr.c: :
#include <computechar.h>
int subStr(char *a, char *b)
{ ) .
oE oSl
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(continued from previous page)
main.c (4 points):

It takes three arguments <argl> <arg2> <arg3> where <argl> is either

"add” or “sub". Based on <argl>, your maim.c should dynamically link
either libaddstr.so or libsubstr.so via dlopen(), dlsym(). Your
main.c should output an integer value, which is the sum if <argl> is
“add” and the difference if <argls> is “sub”. <arg2> and <arg3> are
two non-empty strings with the same lengths.

Your main.c should also hand1
<arg>'s, dlopen() errors,
with status 1 if any of th

& errors correctly, including incorrect -
dlsym() errors, and diclose() errors. Exit
€ errors above occurred.

Examples:

./main add Com Sci # Outputs an integer.

./main sub Oh ok # Outputs an integer.
./main diff a b

# Exits with status 1 because “diff” is not val

i

/* Put your complete implementation
_|_'.

Uy ]"{’\" | \/EC < {]\l f"i‘(),l\7
Rindide <sthihy

Hoynelode <!}\ | fcn 7
I wv“f\{lﬂm a‘ﬁc) ¢ hae *$Wkrgv)i : e
ot '\ o< =4 1H S‘A-r\?r\(ﬁ“‘ivb_ﬂ b 9\1’\’2“({“‘{
 Zredurn (1 )

PRt f{‘opp) (c‘i\&-?*a\)} chag QJ

Vm} xFﬂrE‘Q; > S
B “ %‘\K(m'ﬂ( 9“3‘/[[1; ,Mh ))%“
Renble = 4 bvgb(” Lbadbaleo0” ) WILY,

of main.c below. */

\Jl‘“ l_}‘\[\f\é\g
ceduen () \

: Opp‘.}«\a\,m<k“m& R

elge \?%“ s gmp (eI,
hmr_ﬁg_z-ﬁ\ﬁY?p:g




(Continued from previous page)
ﬁ makefile (6 points):

§ It should at least include rules to:
5: (1). Compile addchar.c and subchar.c into an archive: libcomputechar.a.

(2). Compile addstr.c and substr.c into dynamic libraries
libaddstr.so and libsubstr.so. OPTI M1 2E = -0

ﬂeﬁ‘-i{ommzﬂ *3% W) Rl

(3). Compile main.c into an executable ‘main’.

You can assume all files are under the same directory.

Make sure each module includes the minimal set of include files. --n"r&ﬂ_

etk =il et =y

/'.--.--.-_ .
q Put your complete implementation of Makefile below.

YoSao\ 1o mandy - ibaddst 50 [ hsubste, 50

MAIn, Mo, O :
3 3erag) -4 w\H)'i‘Pfﬂ“\}\ifI(VWD) M| O =0 S ImMAT

Monfh 07 mann,C
o o) -C man,C ~0 man, 0

1 l,“'j rlf (1‘-\ ¢ rJ( I' fiAS }é 3\{‘\0 J d?ﬂh\bﬁf(‘ﬂﬁ\r‘d\ -4
50) $eud) ~shared nbasico Libeomptechan,a =0 libaddslc 60

| 1 |3ﬁx\)ﬂ'\f e ﬂd.gf,'\ 0, lt[’)rol-’rn}lq'e(hof. o\ ] I
i@ goud-shared substo [iheempdechan,a <o Tibashshn g0 .

SRR | AR RN R LR TN R R AR R AR TR R W

abisi ot akdate © cmdechas,

#0306 ~SPLC ~C abdsde. ¢ -0 addsiry0
sbatr ot subddrc ompdechan

$Q fine) - PPIC < absirc ~0 qubstrio

|q() rom{it‘\?chrl N\ f m’_.o\o}w.r‘ 0 ‘)'U\)'Ch-o\:f AT &S .-:
ne fes 'th? de 'C.W\f‘_g\ 5\”{)}\;\{‘:0 51»-\'30}%;
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16 (10 points total), Imagine you are on a team of 3 Eo:;plicaﬁiOﬂ
engineers. You are working together to create a new we

which will require 3 different python code files: server.py,
config.py, data.py.

Your team plans for 19 distinct ‘features’ that will eventually need
to be created for the application to be usable.

16a (1 point). This project will require version control. Say in one Ry
line what tool(s) would You use to enforce version-control.

! T wedd L5 (73 i i
F 16b (5 points). Explain in at most half a page what kind of workflow T, A
€ach software-engineer should follow. Below are potential discussion
points, and try to

use at least 3 points in your argument, (Your 3
points don’t need to come from this list)

* Should engineers yse branches, and if so - then how? [y,
1f you plan to merge commits, how should merge conflicts be handled?
If you plan to merge commits, will your team prefer ‘git merge’

or ‘git rebase’? i
Will you use a ‘centralized’
How should engineers make‘sur
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16c (1 point). Explain in 2-3 sentences
solution.
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*

remote repo or not? :
e their work is in sync?

*




> (3 points). Assume you are in the middle of the se
you were given the task to create the feature ‘Add new URL
server.py'. What git commands would you use to ¢
you described earlier? You can fill in your answer in
below: '

maSdGnD

ot

# Any pre-coding Git commands here 2 1% The KAl

// You make and test your changes to server.py. (You d
// to write anything else here). gl

# Any post-coding Git commands here. &y
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17 (2 points). When you run the command ‘git log' on one branCh
€.9., ‘git log master’, is it possible that one of the commit :
the parent of the commit that comes right before it in the output?

1t's not possible, explain why. I it’s possible, give a scenario
where this can happen.
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/(4 points). Assune youShauStarRrCduAnICRtTEuAE
# . for every pair of parent and child comnit hashes
repository, where an edge will look like

h_parent -> h_child

where h_parent is the hash of the parent commit, h_chﬂd is th i’
of the child commit. AT
someone claims that they have a pragram-P-that:qgﬁ“ﬂté:aii- he :
hashes in a topological order in which child commits are printéd . =
before ancestral commits. - 101N ?%
Describe how can you use the output of prdgram-Gitp-qu;“L;ﬁld'"ﬂ Afn
output of program P 1s a valid topological order. There is no
write actual code.
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19 (10 points). Consider the following text taken from: . LA G
Guzdial M. Beware of Hurting Our Weakest Students when Moving Classes
Online. Blog@CACM. 2020-03-10, -

The biggest cost of moving our classes online will likely be the :
decreased learning and lower grades, particularly of our weakest
students. Fully on-line classes can lead to less learning than
face-to-face classes (see 2017 review paper here). Online learning has
a differential impact on students. A 2013 paper studying 40,000
students found that students who come in with lower grades suffer 5
most in performance when moving online (see paper here). A 2
York Times article (see link here) describes about how online classes
hurt students who most need help. Justin Reich (MIT) has wri ten rai AFil o
great Twitter thread about all the evidence showing that moving

classes online will hurt the most vulnerable students -- start :

here. His recommendation is to simply cancel classes until Jut ~
September. That would be better than creating greater disparity and
inequity in our classes.

Discuss the relevance of the technology that you covered in your
Assignment 10 presentation as a possible way of addressing the
problems that Guzdial raises. If your Assignment 10 technology is
largely irrelevant, state why it’s irrelevant and discuss how |
address the problems by using the Zoom features that have been
employed during the past week at UCLA.
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