Question 1 (36 points): ((niTiRa 36) 1 n'7Ixw

A file named lego.txt contains data about select LEGO store locations in
California, Colorado, and New York (source: https://www.lego.com/en-
us/stores/directory). Each line contains information for a different store location.
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The line format for the file lego.txt Y272 MY 7w onIe

<zip><comma><name><colon><features>

e <zip> specifies the zip code of the location. The zip code consists of exactly
5 digits.

e <name> is the name of the store location. The name consists of letters (upper
or lower case) and space characters (' ').

e <features> is an optional list of store features. If the list is empty, then
nothing follows the colon character. Each feature in the list consists of letters
(upper or lower case) and space characters (' ). If the list of features contains
more than one feature, then consecutive features are separated using a single
comma character (', ').

e <comma> and <colon> are the comma ', ' and colon ' : ' characters.

e You may assume that all lines in the file are written in this format and that there
are no blank lines in the file.
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» Example contents of the file: lego.txt INNAIT? YaIp DIn <

10020, Fifth Avenue:Brick Lab,Mosaic Maker,Minifigure Factory
12203,Crossgates Mall:

92802, Downtown Disney District:Mosaic Maker,Minifigure Factory
13204, Destiny USA:Curbside Pickup

13204,Eastview Mall:Curbside Pickup

10010, Flatiron District:Mosaic Maker

95678, Westfield Galleria At Roseville:

94103,Westfield San Francisco Center:Curbside Pickup
91303,Westfield Topanga:Curbside Pickup

92122,UTC Mall:Mosaic Maker

80401,Colorado Mills:

80124, Park Meadows:

94588, Stoneridge Mall:Curbside Pickup

14225,Walden Galleria:Curbside Pickup

» For each of the piped sequences of commands specified in (a)-(c) below, write its
expected output given the example file above. You may provide a brief explanation
for your answer to describe your rationale.
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a) (6 pts.) ('m 6) (x
head -n2 lego.txt | cut -d"," -f1 | \
tr -d "\n" | tr -s [[:digit:]]
Expected output: 2119 U979




b) (6 pts.) (‘m 6) (2

cut -d"," -f2 lego.txt | cut -d":" -f1 | \
paste - lego.txt -d" " | cut -4d"," -fl1 | tail -n2
Expected output: 219X VY79
c) (6 pts.) ('m6) (2
grep ":$" lego.txt | tail -n2 | \
sed -r 's/, (C.*)[[:space:]].*/ \1 /'
Expected output: 219X VY79




» Solve the tasks in (d)-(f) as instructed. Your code should work on every input file
lego. txt that satisfies the specification on page 1, and not just the example file on
page 2. Use only commands and options that were covered in the lectures and/or
tutorials.
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d) (6 pts.) Write a piped sequence of commands that prints the name of the
store location with the largest zip code as a five-digit number. When applied
to the example file from page 2, your piped sequence of commands should

print the following line of text:
Westfield Galleria At Roseville
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e) (6 pts.) Write a piped sequence of commands that assigns a bash variable
named num stores with the number of stores whose name consists of
exactly two words separated by any number of space characters, and whose
first word contains the letter W or w (in upper or lower case). When applied
to the example file from page 2, your piped sequence of commands should
assign num stores with the value 3. The three stores that satisfy the
requirement are: Eastview Mall, Westfield Topanga, and Walden Galleria.
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f) (6 pts.) Write a piped sequence of commands that prints all store features
that appear in the file 1ego . t xt together with their counts, sorted from most
frequent feature to the least frequent feature. When applied to the example
file from page 2, your piped sequence of commands should print the table
specified below.
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Curbside Pickup

Mosaic Maker

Minifigure Factory

Brick Lab
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Question 2 (40 points): ((niT1R1 40) 2 n'7IRY

» Consider the C source file below named my code. c. The file is missing two function
declarations at the top and two function definitions at the bottom.
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my code.c

#include <stdio.h>

// here you add declarations functions computeAverage ()
// and countDigitsLetters() in (a)

int main () {
int arrayl[] = {1, 2, 4, 8, 16, 32};
char time[] = "June 28, 2022, 11AM";
double average;
int digits, letters;

// set variable average to be the average of
// array[0], array[l], and array[2] (in this case: 2.333.)
average = computeAverage (array, 3);

// set variable digits to the number of digit

// characters (0-9) in string time (in this case: 8)
// -- and —--

// set variable letters to the number of letter

// characters (a-z & A-Z) in string time (in this case: 6).
countDigitsLetters(time, &digits, &letters);

return O;

// here you add definitions to functions computeAverage ()
// and countDigitsLetters() in (d) and (e)




a)

(8 pts.) The top of this source file is missing declarations for the two functions
computeAverage and countDigitsLetters that are invoked by main. Write
appropriate declarations for these two functions below, considering the way
they are invoked in main and the documentation provided before each call.
Use const pointer types when appropriate.
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b)

(6 pts.) Assume that your solution to (a) above is correct, and you add the
correct function declarations to the top of file my code.c. For each of the
following two compilation commands specify if it will succeed or not. If it
succeeds, specify the name of the generated file and whether it is an
executable file or an object file. If the compilation does not succeed, specify
the cause for the error and whether it was found in the base compilation stage
or the linking stage.
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gcc —-c my code.c




gcc my code.c

c) (10 pts.) For each of the following five invocations of function
countDigitsLetters, specify whether it will trigger a compilation error, a
compilation warning, or will compile without any messages. Provide a brief
explanation for each answer. Notice that we highlighted in bold the part of the
invocation that is different from the original one.
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countDigitsLetters (time+l, &digits, &letters);

countDigitsLetters (time+100, &digits, &letters);

countDigitsLetters (time, &average, &letters);




countDigitsLetters (time, &(digits+l), &letters);

countDigitsLetters (time, (&digits)+1l, &letters);

d) (8 pts.) Write an appropriate definition for function computeAverage that fits
the description above its invocation in main and the declaration that you
specified in (a) above.
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e) (8 pts.) Write an appropriate definition for function countDigitsLetters that
fits the description above its invocation in main and the declaration that you
specified in (a) above.
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Question 3 (24 points): (NI 24) 3 n'IRY

» This question considers an implementation for a list of strings that uses the generic
linked list that we saw in class. Recall that the generic linked list is based on the
types defined in the box below. In our case, the data field of each list node holds a
pointer to the first character of a string.
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typedef void* Data;
typedef struct listNode* ListNode;

struct listNode {
Data data;
ListNode next;

}s

» Implement the three functions specified in (a)-(c). Follow these general guidelines:

e Do not use library functions, except where explicitly allowed or required.

e You may assume that the three types above are all “public”. This means that
your code may directly access the structure fields.

e Do not use the interface functions we developed in class for the linked list.

e You may assume that every node in a given list holds a valid string.

e There is no need to write documentation.
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a) (8 pts.) Implement a function named getLongestString. The function
receives a single parameter (head) specifying the head of a list of strings. It
returns the longest string in the list.

e If the list is empty, the function returns NULL.

e If there is more than one string with the largest length in the list, the
function returns the last such string in the list.

e Do not use any library function in your implementation, in particular, no
dynamic memory allocation functions or library functions for strings.

For example, when given the head of the list illustrated below, the function
returns the string held by the 2" list node (“Luck”).
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char* getlLongestString (ListNode head) ({
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b) (8 pts.) Implement a function named popLastString. The function receives
a single parameter (head) specifying the head of a list of strings. It pops the
last string from the list using the following procedure.

e If the list is empty, the function returns NULL.

e Otherwise, the list is not empty and the function returns the string held by
the last node in the list. It also removes and frees that node.

e Use the appropriate functions from stdlib for all memory allocation
management. See description of relevant functions on page 20.

For example, when given the head of the list illustrated below, the function

removes the third list node from the list, frees it, and returns the string held
by that node (“I!”).

(head) TNX "VNI9 N7apNn N'¥jON .popLastString nwa nypao 1wnn (7 8) (a
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e

.NULL n'7nn n'¥22190 TR ,NPY NN'YAN DX @

NN T 2y npeTNINN NTNNMNN DX N'TNN AXPADN NP NI'R NN'YAN ,NNNXR e
AT N"72INN NN DNINYAL DN'0N DA X' .NN'YWIA MINNKN
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char* popLastString(ListNode head) ({
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c) (8 pts.) Implement a function named mergeTwoNodes. The function receives
a single parameter (head) specifying the head of a list of strings. It merges
the first two strings in the list using the following procedure.

If the list is empty or contains only one node, the function does nothing
and returns 0 (indicating that there aren’t two strings to merge).
Otherwise, the list contains at least two strings, and the function does the
following:

— It concatenates the second string in the list to the first string, with a

single space character separating them.

— It removes the second node from the list and frees it.

— If the function succeeds in these operations, it returns 1.

— If the function fails (due to memory allocation failure), it returns O.

You should assume here that all strings held by the list are valid (non-
NULL pointers) and dynamically allocated (each in a separate block).
Use the appropriate functions from stdlib for all memory allocation
management. See description of relevant functions on page 20.

You may also use library functions from string. See description of
relevant functions on page 21.

See execution example below.
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17

(2



int mergeTwoNodes (ListNode head) ({
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Functions from standard library stdlib.h

malloc - allocates a new block of memory on the heap
e void* malloc(size t num bytes);

Function description:
The malloc() function allocates a new block of memory of size num_bytes
bytes on the heap.

Return value: the start address of the block, or NULL if allocation was
not successful.

free - frees a block allocated from the heap.
e void free(void* mem block);

Function description:
The free() function frees an allocated block of memory on the heap.

Return value: None.

Note: if given an address that is not the beginning address of an
allocated block, the function results in runtime error.

realloc - changes allocation size of a block allocated on the heap
e void* realloc(void* mem block, size t num bytes);

Function description:
The realloc() function changes the size of a block that is currently
allocated on the heap.

Return value: the start address of the newly-allocated block, or NULL if
allocation was not successful.

Notes: location of allocated block may change, and if this happens, its
contents are copied to new location. If re-allocation fails, then original
block remains allocated in the original size.
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Functions from standard library string.h

strlen - calculate the length of a string
e size t strlen(const char *s);
Function description:
The strlen() function calculates the length of the string s, excluding the

terminating null byte ("\0").

Return value:
Function returns the number of bytes (characters) in the string s.

strcpy, strncpy - copy a string

e char *strcpy(char *dest, const char *src);
e char *strncpy(char *dest, const char *src, size_t n);

Function description:

The strcpy() function copies the string pointed to by src, including the
terminating null byte ("\0'), to the buffer pointed to by dest. The strings
may not overlap, and the destination string dest must be large enough to
receive the copy. Beware of buffer overruns!

The strncpy() function is similar, except that at most n bytes of src are
copied. If the length of src is less than n, strncpy() writes additional null
bytes to dest to ensure that a total of n bytes are written.

Warning: If there is no null byte among the first n bytes of src, the string
placed in dest will not be null-terminated.

Return value:
Both functions return a pointer to the destination string dest
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