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Question 1 (30 points): ((niTia 30) 1 n'7xw

» A file named expenses.txt contains a list of Abby’s expenses in the past few
days, one line per expense.
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The line format for the file expenses.txt Y272 MY 2w 0NIo
<date><colon><expense><comma><amount>

e <date> specifies the date, with either dashes ('-') or slashes ('/"'")

separating the year (which comes first and has 2 or 4 digits) from the month
(which comes second and has 1-2 digits) and the day (which comes third and
has 1-2 digits).

e <expense> is the description of the expense, and it consists of letters (upper
or lower case) and space characters (' ').

e <amount> is the amount of the expense, and it consists of digits.
e <colon> and <comma> are the colon ': ' and comma ', ' 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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» Contents of the file: expenses.txt NNAIT? yalp DIn <

23-08-30:Groceries, 377
2023-09-01:Rent, 3000
2023-09-01:Groceries, 452
23/09/05:Doctor, 33
23/09/05:Rav Kav, 190
23-9-06:Groceries, 72
2023-9-11:Restaurant, 42

» For each of the piped sequences of commands specified in (a)-(c) below, write its
expected output/action given the example file above. You may provide a brief
explanation for your answer to describe your rationale.
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a) (5pts.) ('m 5) (x

head -nl expenses.txt | tr -d '[:digit:]-:,e'

Expected output: 29Y V79
b) (5 pts.) (‘mb5) (a

paste expenses.txt expenses.txt -d "*" | \

tail -nl >> expenses.txt
Expected action: :NOXN NRXIN




c) (6 pts.) (‘m 6) (2

cat expenses.txt | cut -c2,4 | unig

Expected output: 2MOX 079




» Solve the tasks in (d)-(e) as instructed. Your code should work on every input file
expenses. 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 to the console screen
the expenses under 100 in the order in which they appear in the file. When
applied to the example file from page 2, your piped sequence of commands
should print 33, 72, and 42 (one per line).
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e) (8 pts.) Write a piped sequence of commands to standardize the dates into
the more unified format of m/d/yyyy.

This means that: the month should be written with 1 digit (e.g., 8 — and not
08 — for August), and only with 2 digits if needed (e.g., 10 for October); the
day should be written with 1 digit (3 for the 3" of the month), and only with 2
digits if needed (for the 10" of the month and on), and the year should be
written with four digits (2023 for this year). The month, day, and year are
separated by slashes. Put the output into a file called output.txt in the
same directory. (You may assume there is no file called output. txt in the
directory.)
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Question 2 (14 points): ((niTipa 14) 2 n'7xv

a) (12 pts.) Write an executable bash script max words.sh that prints the
count of the greatest number of words on lines 2-3 of all files in a specified
directory with a filename that begins with “file.” Exact instructions are as
follows:

= The script requires exactly 1 input: a directory dir. If there is not
exactly 1 input, then exit with 1.

= Then the script confirms that the directory dir exists. If it does not,
then exit with 2.

= Then: get a list of all files in dir whose filename begins with file.
Iterate through those files and for each file make sure that it is a file
(and not a directory) and if so then count the number of words on lines
2-3 of the file. (You may assume each file has at least 3 lines.)

= Determine the maximum number of words and print that to the screen.

= Make sure your bash script is executable.
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(2 pts.) Assume that your solution to (a) above is correct. Currently, your
permissions for max_words.sh is setto ~rw-r--r--; write the command that
will set your permissions so that you, as the user, will be able to run the
executable file.
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Question 3 (6 points): ‘(N1 6) 3 n7IRY

» Examine the C program below and write the expected output of lines A-C in the
provided space. Write “undetermined” if you think that a certain printed value is
undetermined by the source code. You may assume that the code is successfully
compiled and executed on our course server (sysprog.runi.ac.il).
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(sysprog.runi.ac.il)

#include <stdio.h>

int main() {
int arrayl[] = {1, 0, 2, 4};
int 1 = sizeof(arr)*10;
printf ("$d\n", arrayl[i]):; //line A
printf ("%d\n", 40&(3<<4)); //line B
char str[30] = "moed aleph";
str[l]++;
printf ("%$s\n", str); //1line C
return 0;

}

» Write here the expected output. No need to explain your answers.
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Line A:

Line B:

Line C:




Question 4 (50 points): ((niTiza 50) 4 n7IxY

» This question involves implementing functions for the linked list data structure
that we discussed in class. In particular, we consider a linked list of double
values based on the types defined in the box below. Recall that we use Data to
encapsulate the type of the values (double in this case). The structure type is
used to represent a list node, which holds a data value (of type Data) and a
pointer to the next node in the list. A list is represented by a pointer to the first
node (head), and an empty list is represented by a NULL pointer.
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typedef double Data;
typedef struct listNode* ListNode;
struct listNode {

Data data;

ListNode next;

}s

» Implement the five functions specified below in (a)-(e). Follow these general
guidelines:

e You are only allowed to use standard library functions for dynamic memory
allocation. A brief description of the relevant functions is provided on page 21.

e You cannot assume that you have access to any other linked list function,
including those we implemented in class. You need to write your implementation
from scratch.

e There is no need to write documentation.
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a) (10 pts.) Implement a function named deleteSmallestNode. The function
receives as a parameter a linked list (1istHead). It then returns the same
list but without the node that holds the smallest value. Follow these
guidelines:

e If the list is empty, the function does nothing and returns the list as is.

e [f the listis not empty, the function removes the list node with the smallest
value from the list and it frees the memory that this node occupied.

e If there are several nodes in the list that hold the smallest value, then the
function removes the last of these nodes in the list. See example below.

e The function returns a pointer to the head of the updated list. Pay attention
to the special case when the first node in the list is the one being removed.
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ListNode deleteSmallestNode (ListNode listHead) {
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b) (10 pts.) Implement a function named listToArray. The function receives

as a parameter a linked list (1istHead), and it returns a dynamically
allocated array that holds the same values that the list holds (in the exact
same order). Follow these guidelines:

e If the list is empty, the function does nothing and returns NULL.

e If the list is not empty, the function allocates the exact amount of memory

required for the new data array, and then sets the array entries according
to the appropriate data values in the list.

e |If allocation failed, the function returns NULL. Make sure to avoid memory
leaks.

e Otherwise, the function returns a pointer to the newly created data array.
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Data* listToArray(ListNode listHead) {
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c) (10 pts.) Implement a function named arrayTolList. The function receives
as parameters an array of data values (dataArray), and a number of
elements (n). It creates a dynamically allocated linked list with n list nodes
that hold the first n values that the array holds in the exact same order. Follow
these guidelines:

e [f n< 0, the function returns an empty list.

e |f n>0, the function allocates memory for all list nodes, sets their values,
and connect them according to the order of values in the input array.

e |f any memory allocation failed, the function returns NULL. Make sure to
avoid memory leaks.

e Otherwise, the function returns a pointer to the head of the new list.
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ListNode arrayTolist (Data* dataArray, int n) {
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d) (10 pts.) Implement a function named concatLists. The function receives

as parameters two linked lists (l1istHeadl, listHead2), and it
concatenates the second list to the end of the first one. Follow these
guidelines:

e The function does not create new list nodes. It just changes connections
between the existing list nodes. See example below.

e The function returns a pointer to the head of the concatenated list.
e Make sure to consider the special cases when one of the lists is empty.
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ListNode concatLists (ListNode listHeadl, ListNode listHead2) {
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e) (10 pts.) Implement a function named mergeLists. The function receives as
parameters two linked lists (1listHeadl, listHead2), and it merges them
in an alternating fashion, as described below:

e Let n denote the length of the shorter of the two input lists. The first 2n
nodes in the merged list are set as follows:

» The 1%, 39, ..., (2n-1)" nodes in the merged list are the first n nodes
in the first input list (ListHead1l), in order.

» The 2" 4% . (2n)" nodes in the merged list are the first n nodes in
the second input list (ListHead2), in order.

e |If one of the lists is longer than the other (longer than n), then the
remaining nodes of the merged list (beyond the 2n™ node), are the
remaining nodes in the longer list (beyond the n'" node).

e The function does not create new list nodes. It just changes connections
between the existing list nodes. See example below.

e You should return the head of the merged list.

e Make sure to consider the special cases when one of the lists is shorter
than the other, or when one of them is empty.
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ListNode

mergelists (ListNode listHeadl, ListNode listHead2) {
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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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