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Question 1 (10 points): ((niTia 10) 1 n''xw

» Examine the script below, named myFavoriteNumber. sh.
nyFavoriteNumber.sh OWA Xan U9PON NX 1N 4

num=351

((start++))

while [ Sstart -le S$Snum ]

do
echo " ($start) my favorite number is $num"
((start=start*2))

done

a) (5 pts.) The script is executed as follows:
N2N [91X2 vOIPoN NX 0N (' 5) (X

==> start=l1
==> gource myFavoriteNumber.sh 8

What will the output be? Briefly explain your answer.
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b) (5 pts.) The script is now executed as follows:

XA 91x2 vOon NX D'y nwd (‘M 5) (a

==> start=l
==> bash myFavoriteNumber.sh 8

What will the output be now? Compare the output to the one in (a) and briefly
explain your answer.
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Question 2 (20 points):

» Examine the following C program:

((niTiza 20) 2 n'7IRY

NN NYDINN DX N2 <4

#include <stdio.h>
#include <string.h>

int main () {
int 1 = 6
[

J =5, k;
char arr =

] "comp sci'";
printf ("$d\n", 1i&j);
printf ("$d\n", i<<4);
printf ("$d\n", i>>4)
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printf ("%$c\n", arr([2]);
printf ("%c\n", arr([20]);

k = strlen(arr);
printf ("$d\n", k);
k = sizeof (arr);

printf ("$d\n", k);

k =1*1.2;
printf ("$d\n", k);

printf("%d\n", 'm'—'n');
for (1 = 6; i < 10; i++)
for (i++; 1 < 10; ++1i)

printf ("sd", 1i);

printf ("\n");
return O;

//line A
//line B
//line C
//line D
//line E

//line F

//line G

//line H

//line T

//line J




» Specify the output in each of the ten marked lines. Specify “undetermined” if the
output depends on an uninitialized value. There is no need to explain your solution.

X7 W2 1N 0790 oX "viT X7 Iy nimionn NNIYA Ywyn NNX 752 0790 NR vy 4
.DONAIYN NX 11007 1IN 'K .7NNIKN

Line A:

Line B:

Line C:

Line D:

Line E:

Line F;

Line G:

Line H:

Line I

Line J:




Question 3 (15 points): ((niTipa 15) 3 n'ixw

a) (7 pts.) Freddy, a computer science student, learned in his C class about the
character data type and type conversion. He then wrote the following C
program.

ninnni char o19'0 2y C now 7y N1y'wa ™% ' Dwa awnnn 'wn? 01TIVOo (‘i1 7) (X
:C Nowa NXaN AWNNN NYDIN NIX AND XIN .0'0ID'0

1: #include <stdio.h>

2

3: char int2char(int 1) {

4: return 1i;

5: }

6:

7: int main () {

8: int 1 = 'A';

9: printf ("%$c\n", int2char(i);
10: i += ;
11: printf ("%c\n", int2char(i);
12: return 0;

13: }

» What will the program print in line 9? Which positive number (>0) can be written
in the blank space in line 10, such that line 11 will produce the exact same
output as line 9? Explain your answer.
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b) (8 pts.) Freddy then wrote a short program with two functions that convert
between Celsius to Fahrenheit temperatures. Note that if C represents
temperature in Celcius, and F represents the same temperature in Fahrenheit,

then the conversion formula is: F = 1.8C + 32. For instance, 10°C = SOOF.

NNIVI%N0 |2 NN'MNY NIYAIID MY DY N¥Z N'2IM and P nx 19 ('m 8) (a
MILIONL NNIR DX M*¥n F 1 ort7¥a nivnono navyn C DX .0"'NINODY OI'T7¥]

.10°C = 50°F YwnY .F=1.8C + 32 :X'n nNnnn NNON TX ,0"N1ND]

#include <stdio.h>

int c2F (int c) {
return 18/10 * ¢ + 32;
}

int f2C(int £f) {
return (£-32) * 10 / 18;
}

int main () {
printf ("conversion 1: %d\n",c2F (f2C(50)));
printf ("conversion 2: %d\n",f2C(c2F(10)));
return 0;

» Do both conversion functions operate as expected? What is the output of
Freddy’s program? Explain your answer.
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Question 4 (20 points): ((niTiza 20) 4 n'7IRvY

» Consider a file named favoriteNumbers. txt, which contains a list of Freddy’s
favorite numbers. Each line in the file either has a single number, or multiple
numbers separated by commas (', ') and/or spaces (' '). You may assume that
there are no blank lines in the file.

72 .'T19 7V DRAINKRD DNY0NN YW Nn'wN o0 favoriteNumbers. txt Dwa yalp (IMm <4
niN 'un kA (Y, ') 009 My D'TID9IMN 00N NNd IX TTIA 1901 N7'DN Yalpa NIv
QIR NNIY 'R Yalpaw nan7 070 onx (" ')

» The contents of file favoriteNumbers.txt Yaipn pin <

21 2,32, 93, 37 38

26,64 2885

2424242

3320 703, 8049 571,, 2548,944¢6
9609

3838 3320

22,20,21 2442

a) (5 pts.) Write a piped sequence of commands that creates a file named
favoriteNumbers?2.txt, which contains the same numbers as in file
favoriteNumbers. txt, but with only one number per line. The two files
should contain the exact same numbers in the same order, and file
favoriteNumbers?2.txt should contain no commas, no spaces, and no
empty lines.

,favoriteNumbers2.txt DWA yaIp WXI'Y NNWAIWN NITo qx1 and (‘m 5) (x

TNX 190N DY N favoriteNumbers. txt Yala INdD 090NN DNIX DX 7'ONY

TIYA ,2TON ININA DN190NN DNIX DX ZI'TA 7'ON7 0DMIX D'¥APN Y .DIIW 751 1727
Q1PN DNIY IR NN N'0 ,0'R'09 701 X7 favoriteNumbers2. txt yalpw




b)(4 pts.) Write a piped sequence of commands that takes the file
favoriteNumbers2.txt created as described in (a) above, and prints to
the screen the number of distinct numbers in the file. For instance, in the
example file given above the number 21 appears twice (in first and last lines
of the file favoriteNumbers. txt) butit should be counted only once.

2V XY favoriteNumbers2.txt yalpn DX NRI7Y NIMRo qx1 1and (7 4)
,7UN7 .yalpa 01vin 090NN 1901 NX J0n7 0'9TnI ,N7ynY? (X) 9'vol 1IN '
Yalpn 7w nINNRDE MIYRIN NIv1a) 0'ay9 y'om 21 19onn nyn? xXnam

JINR DY9 7119007 )X KN 72K (favoriteNumbers. txt

c) (3 pts.) Write a piped sequence of commands that takes the file
favoriteNumbers2.txt created as described in (a) above, and prints to
the screen the number of numbers that end in digit 0 (meaning that they are
integer multiples of 10). In the example file given above there are three such
numbers (3320, 3320, 20), so the output should be 3.

72V XY favoriteNumbers?2.txt yaIlpn DX NP7 NITRo 9x1 and (7 3)
0 N1901 D'N"'NONY 090NN 190N NX |0N7 0'9TNI ,N7wnNnY7 (X) 9'Vod NN '9
,3320) n7xd> nM1von nYItY DIw' n7yn? xnama (10 7w nin?w Nni7195 nnw 1)

.3 nirn'7 ymx v'79nw o ,(20,3320




d)(3 pts.) Write a piped sequence of commands that takes the file
favoriteNumbers2.txt created as described in (a) above, and prints to
the screen all the three-digit numbers in the file (one number per line). In the
case of the example given above, the output should be 703 571 (on two

separate lines).

7V XY favoriteNumbers2.txt yalpn DX N7y Nimpo gy and (7 3) (7

Y272 NN90 wIY *7ya 090NN 72 NX Jon7 0'9TNI ,n7un7 (X) 9'voa NIN'NN '9

703 571 nIra? 2mx 0790 ,N7wn? XMt Y Npna L(NNIY 722 TNR 190n)
(v nniv 'mea)

e) (5 pts.) Write a piped sequence of commands that takes the original file
favoriteNumbers. txt and prints to the screen a version of it, in which the
segment between the first and last comma in every line is replaced by the text
"-—-some numbers here--". If there are fewer than two commas in a line
then it is printed as is. In the case of the example file given above, the first two
lines of the output should be as indicated below.

,favoriteNumbers.txt NIgnn Yaign DX Npi7w nimpo gy and (7 5) (n
97NN MY 722 JNNKRDI[IYRIN 2'09N |2 YUPNRN DAY YaIPN 7¢ X0 0NnY7 0'9 Tl
T ,NMIYQ 7'09 'IN'0 IWN NIND DIY' DX ."--some numbers here--"0VOpLI

0790 7Y NDNIYXIN NNIYA MY 07017 XNATN 7¢ NN XY 1 NoS TN MIvn
7071 NI NN

21 2,--some numbers here--, 37 38
26,64 2885
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Question 5 (25 points): (N7l 25) 5 n'ixw

» This question deals with a linked list similar to the one we saw in class. Each node
in this list holds information about a different academic department at IDC. For each
department, the node stores its name (e.g. “computer science”) and the building in
which it is located (e.g. “Efi Arazi”), as well as a four-digit phone extension (whose
first digit is guaranteed not to be a zero). The object representing a node is based
on the two types defined below.

D'V N7'ON NRTN NN'YIL N'Y7IN 7D .ANDA I'RY IT? NNITN NYIZA NN'WI2 NROIY IT N7RY <

yTn" 7UnY?) NNy NX NTNIY 2'72IN0 ,nR'7Nn 757 .minn1fan ™01 MY NMTRR np'inn 7y

N150N) NND0 YIIXR 2 1970 Nnitw 190n oal L, (MR 'oX" 7wn?) nhw Man nx L ("awnnn
S2W%7 DM 0'0I9'0N W 7y 001N NY7IN AX'MIN VPR L(0ONN NIV NIDN NMIYRIN

typedef struct DeptNode st* DeptNode;
struct DeptNode st {

char* name; // name of dept.
char* building; // building of dept. office
int extension; // phone extension for dept. secretary

DeptNode next; // next node in the list

» Implement the four functions for this object type, as specified in (a)-(d).
e Your code may directly access the members of struct DeptNode st.
e There is no need to write documentation.

.(T)-(X) 0'©'W0a NIX'NMN 97 ,NTN LF'AIRN OI19'V 112V NI'¥ZIION NYAIX NX IYNN <
.struct DeptNode_st n1ann 019'0 NITY? N'W' nwa NINYT 710! DO7W TIpn @
TIR7 TV DDA N 'K @
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a) (5 pts.) Implement a C function named isPalindrome() that accepts a
single parameter d of type DeptNode and returns 1 iff d’'s extension is a
palindrome, and returns O otherwise. A palindrome is a word (or number) that
when read forward is identical to when it is read in reverse. The extensions
4004 and 7337 are palindromes and the extensions 2048 and 1010 are not.
If d is NULL then the function should return 0.

o19'un d T'N' VNI VP> N7apnw isPalindrome() nwa Ny 1Iwnn (‘7 5)
ANK N 02 0 ntnnt ,0NM'e X0 d 7w nni7wn o"nx 1 ntnni ,DeptNode
2T INIX IR KD NINKENNASTR INIR DRI TWROY (1901 IX) N7’ KIN DNT'79
NULL x1n d ox .X7 [n 1010 1 2048 nini?wni ,0'inm%o |0 7337 14004 niniwn

.0 't ND"MIX N'NI9N TN

int isPalindrome (DeptNode d) {
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b) (5 pts.) Implement a C function named numDeptsInBuilding() that accepts
a parameter (d) representing the head of a linked list (d can be NULL if the
list is empty), and a string parameter (name). The function returns the number
of departments in the linked list starting at d that are located in a building with
name equal to name. You may assume that the “building” members of all
departments in the list are not NULL.

Note: Your function should contain code for comparing two strings and you
may not use calls to any library function to do this.

(d) Cun1o VP> N7 MY numDeptsInBuilding() nwa nwao 1wnn (‘7 5)
q0n191 L, (NP nn'wan ok NULL nira% 700 d) mwim nn'wn 99 wrd ax'ny
1 N7'NNNY NYIZNRN NN'YIA NIR7NNAN 19010 IR TN N'Y¥2190 .(name) NTinnn
7 7w "building”" N NITYW N1INY 0'712' DNX .name 7 NNT MWW ['11] Dinpinny d

.NULL pa'x nn'wn2a ni7nnn

ITY'N7 D27 QIOKI NITNNN MY ' DNy TIZ 7'207 NdMY DD7W Y7190 :ayn
.2 DY NM190 NI'YjI9a

int numDeptsInBuilding (DeptNode d, const char* name) {
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c) (5 pts.) Freddy is mischievous and would like to confuse other users of the

linked list by messing up the department phone extensions. Implement a C
function named confuseExts() that accepts a single parameter d
representing the head of a linked list (d can be NULL if the list is empty). The
function gives each department in the list the phone extension of the
department following it in the list. The last department in the list gets the
phone extension of the first department. The illustration below depicts
expected input and output for the function.

nN'wan 7v DNNR D'ynnun 72727 maiyn XN omip 'wyn anik 1Mo (‘m 5) (a
DY Y9 lwnn Nipmmn 7w 19700 ninkw 72272 7 v mwipnn
d) "wipn nn'wn 7w WRY ¥ d TN 0n19 090 n7apnw confuseExts()
NNI7Y NX NN'wWIa NP7Nn 727 nann axien (N an'wan ok NULL nirn'? 7100
NIX N7271 NN'WI2 NINNKRD NR7NNAN .AN'WIL ANNR DY'9IMY nP7nnn 7w 19700
LN2197 DYDY 0791 V7P AIRNN NVNT D'YANN .MIYRIN NP7NAN 27U AN7wUn
d Before function execution: Y2197 ARNPN 199
1 D
name: “computer science” name: “business” name: “law” name: “economics”
building: “Efi Arazi” building: “Arison Lauder” building: “Arison Lauder” @ P building: “Tiumkin” @
extension: 2048 extension: 1234 extension: 2244 Lextension: 9876
J J
After function execution: :N'N2197 IXNZN NN

d

!

name: “computer science” name: “business” name: “law” ETRITE "eco_nomi_cs“
building: “Efi Arazi” building: “Arison Lauder” building: “Arison Lauder” building: “Tiumkin
extension: 1234 extension: 2244 extension: 9876 extension: 2048

void confuseExts (DeptNode d) ({
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d) (10 pts.) Implement a C function named addNewDeptNode () that creates a
new DeptNode object and adds it to the end of an existing linked list.

The function receives as parameters the head of a department linked list
(d) and three parameters (name, building, and extension) to be copied
as members of the newly allocated DeptNode object.

If any of the parameters d, name, or building is NULL, or if extension is
not a four-digit number, then the function does nothing.

Otherwise, the function allocates space for the new DeptNode object,
including for its two string members, and it copies the values of the three
members into the newly allocated object.

You may use the following library functions in your code: (not obligatory)
strcpy(char* dest, const char* source)

strlen(char* str)

The function should connect the newly allocated node to the end of the
linked list starting at d.

If not all memory allocation succeeded, then the function does nothing.
Make sure to avoid memory leaks in such a case.

wTn DeptNode vk NxI'w addNewDeptNode () nwa n'x7a19 1wnn (‘7 10)

NP AN'wA 7Y 9102 ININ noroinl

nwitwl (d) Nipnn 7 NwIign 'y 7Y WURY 10N19D N7apn nY7aon e
OP"AIX? NITYD P'nyn? Nn 7y (extension ,building ,name) nmuN®

.wUTNNn n¥inn DeptNode n

NXIn extension oX IX ,NULL X0 building IX ,name ,d D"UN19N TNXN DX

.017D NYIY X7 NX7190 ,NNS50 4 |2 19%0n X7

nwY7 7715 ,wTnn DeptNode N VPR NIV [N'TA DIPN DXPNA N'N29N ,NINK @
0" 2NN N7 NITYUN NYIZY DY DX AP'MyN X', DITNNNA DNY 7Y DITYUN

YUTNN
(NN X7) :Dd7W TIPA NINAN NMID0N NI WTYAY7 D7D DN @

strcpy(char* dest, const char* source)
strlen(char* str)

nmuipmn an'van '-']IO'? NXpPINY UThn Op"aIkn DX 1an? noMY n'X215n e

.dan7nnnv

D'VIN1 DNXRY IXTIE .07 NYIY X7 D'¥22190 TX ,NN7¥ND DXPIN ND'TN 7D X7 0K e

TN AN 0T norm
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void addNewDeptNode (DeptNode d,
const char* n, const char* b, int e) {
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Question 6 (15 points): (niTia 15) 6 n'Ixw

» The purpose of this question is to implement a short C program that reads numbers
from one or more files, and prints counts based on the last digit of every number in
every file. Details are given in (a) and (b) below.

No'™TNI ,NIF IR TNX Yaln 090N DKW C 2 X NN wnn? 1t n7xun nhon <
.nuN7 (2) 1 (X) 0'©'Y0O2 D'IN D'VID YAl 722 1901 75 7W NINNKRN NN90N 'S 7V 1190

a) (5 pts.) Implement a C function named updateCountsArray() that updates
an array, which contains the counts for numbers based on their last digit. Note
that numbers are given here in string form.

The function receives two arrays as parameters. The first parameter (num) is
a number given as a string, and the second parameter (counts) is a pointer
to an existing integer array with (at least) 10 entries. The function assumes
that the counts array already contains counts for numbers based on their last
digit, and all it does is increment the entry of counts that corresponds to the
last digit of num. For instance, if the last digit of numis ' 0 ', the function should
update the first entry of counts, and if the last digit of numis '9"' it should
update the 10" entry of counts. If the last character of num is not a digit, then
the function does nothing. You may assume that both arguments given to the
function are not NULL, and that the string num is not empty.

Note: do not use library functions in your implementation.

NN'Do 7onn 1wn NDTVNY updateCountsArray() owa n'xjuo wnn ('7m 5) (X
JITNNND XD DN DN%0NY 17 IN'Y .0N7Y NINNKN NN90N N0 7V 0Moon v

[ININ 190N XN (Num) [IYXIN 10NI9N .0NUNI9D DDIYN W N7APN N'YI9N
.0M2'x 10 (MIN9%) 7900 0" 1wn'? y'axn Xin (counts) 1wn A0NI9NI ,NTNNND
N190N No 7V DMD0Nn W NNDO 7'on 12D counts WANY NNIN NYI9N
N1907 Nn'RNNY counts 7 NODN NX DTR7 DT NYIY X' N 721,007 NAINNKRN
NIIMX NY9N TR, "0 X'N num 7 NINNXKN NN90N DX ,7UN? .num 7¢ N1NNKRN
™ ,'9' X' num 7w NINNKRN N190N DKI ,counts 7¥ [IURIN N2'RN DR DTV
112'K UM 7Y |INNXN NN DX .counts 7 N'wyn 12N DR [DTV7 DMK N'Y2190
DI'X N'¥71197 DN D'OINIARD YW NINYT7 N1 02T AWV K7 Y7190 ,NN90

.M X7 num ntnnnnwt ,NULL

.D27¥ UIN'N 0190 NI'YAAI9] WNNWN? ['X :Dyn
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» Write the function code here: N2 NY2INN TIP DX 1AND <
void updateCountsArray (const char* num, int* counts) ({
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b) (10 pts.) Write a C program, which iterates through one or more files that
contain lists of numbers (such as the file favoriteNumbers2.txt thatyou
generated in Question 4a), and uses the updateCountsArray() function
from (a) above to count the number of times that each digit 0-9 appears as
the last digit of a number in these files. You may assume that
updateCountsArray() from (a) above is correctly implemented.

Write your program based on the following guidelines:

e The program accepts one or more arguments, where each argument designates
a file name. If the program did not receive any argument, it should print an
appropriate error message (any informative error message is fine) and halt with
exit status 1.

e If one of the arguments does not contain a name of a file that the program is able
to open for reading, then the program should print an appropriate error message
(any informative error message is fine) and halt with exit status 1.

eYou may assume that each file has the same format as the file
favoriteNumbers2.txt from Question 4a, meaning that each line contains
exactly one integer number. You may also assume that each of these numbers
consists of no more than ten digits.

e The main function of the program should use an array with 10 entries to keep count
of the numbers that end in each digit 0-9.

e The main function of the program should use the following while loop to read lines
from the input files:
while (fgets(line, BUFF SIZE, inFile)) { . . .}
e In this loop, the program should call the updateCountsArray() function in order
to appropriately update the count array.

e After reading through all the input files, the program should print ten lines in this
format:

Among all the files, there are <X> integers whose last digit is <¥Y>

Where <x> is the number of integers whose last digit is <y>, and <Y> ranges
from 0 to 9.
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DM90N 7¥ AN'WA 07NN N IR TAR Yaig 2y nnaww C a naoim and (m 10) (2
N'X71191 nUnNnwnl L(X4 n7Rwa DNX'Y favoriteNumbers2. txt yalpn md)
NNS0NN NNX '72W D'MYy9n 1901 NKX 11907 ' (X) 9'von updateCountsArray ()
N'YRI9NY NNY 0710 DX .7"0 D¥apRa 1%0n 7w mannk oo nv'am 0-9
.N27ND nwnimn (X) g'von updateCountsArray()

:NINAN NI'NINN 'O%7 DOV N'1DINN DX 1AND

DX .YaI7 7¥ DY |"¥n VINIAKR 7OWD NI IR TAR VIR V77D NN N'dINN e
NYTIN 72) XY NYTIN 0'9TNY NdDMX X' ,VINIAN X D727 X7 NDINN
.1 ANy o1vvo oy NIXYYI (72NN NV

,ANNP? NINDYT7 NN7x¥n N'DINNY yalp 7w 0w 70 X7 D'OMNIARN TNX DX @
(72NN NR'VNIIvYI'R NYTIN 72) NN'RNN ARAY NYTIN 0'9TNT NdMX N'dINN
.1 NN'X' 010VO DY IXYYI

favoriteNumbers2.txt 7 md> o9 w' yalp 2% nan%? D7D DX e
D'712' DNX L2-IND .TA72 TNXR 07w 1901 N7DN MY 72w i R4 nIRwn
NN 727 ninvo Ywy wa XN onsonnn TNX 7w NNy

MNXR AIRYY "1 012K 10 7p2 7wNn2 ATy oMY NMDINN 7w main N Nexje e
.0-9 "190 702 p'M'Nonw 0Mvonn 7Y N1'voNn

XNi77 1 nxan while n NX7172 wnnwn? noMx NDINN 7w main 0 Ny e
;0770 'Yapn NNIY
while (fgets(line, BUFF SIZE, inFile)) . . .}

17> updateCountsArra N'¥72197 X7 DO NDINN ITH AXRITN N e
p y i I
.071IN [91X2 NN'D0N YN DX PTYY
:NAN VN9 NNIY YWY 0'9TN7 NDMIX NYDINN ,07PN '¥AP 72 NINMZ NNX @

Among all the files, there are <X> integers whose last digit is <¥Y>

[AV1 <Y> 1,<Y> X'D DN7Y NINNKD NN90NYW DMI90NN 1901 KIN <X> TUNKD
97w0
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Write your code here: :[ND DO7W TIPN NN 1AND

/*** standard libraries you can use in your code ***/
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

/*** declaration of function you should call ***/
void updateCountsArray (const char* num, int* counts);

/*** define symbolic constant BUFF_SIZE here * k% /

/*** write your main function here ***/
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