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Question 1 (15 points): ((niTipa 15) 1 n'ixw

» The current directory contains exactly two files named words . txt and myprog. sh.
Their contents are specified below.
D'¥APN PIN .myprog.sh | words.txt OWA D'¥ap Y pI'TA 279N N'NORN RYP'Nn - <

.nun% vaION
words.txt:

Dear sir,

My name is Abraham.

How are you?

I will abbreviate my message.
I saw a bridge yesterday.

The bridge was a broken.

Sincerely,
Abraham

myprog.sh:
#!/bin/bash

if ! [ -e $1 ]1; then
echo "Error with $0 S$*"
elif [ $2 == "-a" ]; then
grep '[Aalb*r' $1
elif [ $2 == "-b" ]; then
sed -r 's/[[:upper:]]1*[[:lower:]]*/XX/"' $1
elif [ $2 == "-¢" ]; then
( (numLines=end-start+1l))
tail -n+$start $1 | head -n$SnumlLines
fi

» Specify the expected output for each of the following three commands. Briefly
explain your answer.
.DOMIYN NIX NI¥Z2 10200 .NIKAN NITIR9N NW7WN NNK 72 1Ay 19¥N 0790 DX 1AN) <



a) (3pts) (‘m 3) (x

==> bash myprog.sh words.txt -a
Output:

Dear sir,

My name is Abraham.

How are you?

I will abbreviate my message.
Abraham

Explanation: words.txt is an existing file, so the if condition is not satisfied. The
second parameter ($2) is -a, so first else if is satisfied. The pattern in the grep
command matches strings that start with ‘a’ or ‘A’, end with ‘r and in between
have any number of (even zero) ‘b’s. The strings in the file that match this
pattern are: ar (in Dear and are), Abr (in Abraham), and abbr (in abbreviate).
The lines that contain these strings are printed.

b) (3 pts) (‘m3) (a

==> bash myprog.sh -a word.txt
Output:

Error with myprog.sh -a words.txt

Explanation: -a is not an existing path (file or directory), so the if condition is
satisfied, and the error message is printed. Note that $0 refers to the called
program and $* refers to all (other) parameters.

C) (4 pts) (‘(m4)(a

==> bash myprog.sh word.txt -b

Output:

XX sir,

XX

XX name is Abraham.

XX are you?

XX will abbreviate my message.

XX saw a bridge yesterday.

XX bridge was a broken.

XX

XX,

XX

Explanation: words.txt is an existing file, so the if condition is not satisfied. The
second parameter ($2) is -b, so the second else if condition is satisfied. The
pattern in the sed command matches the first string in each line that starts with
a sequence of upper-case letters, followed by a sequence of lower-case letters
(both sequences can be empty). This string is then replaced by XX. Note that
every line contains such a string (could be the empty string), and the first such
string is the one that is matched and replaced (due to regexp’s greedy matching
policy, the matched string is the longest among those starting first).




d) (5 pts) Write a sequence of three commands that result in printing lines 3-7
of file words. txt on to the screen. The first two commands should assign
values to bash variable, and the third command should call myprog. sh, such
that it prints lines 3-7 of file words.txt The commands are executed one
after the other in sequence (not piped). Briefly explain your answer.

NI09TIN words . txt Yalp 7w 3-7 NN 1910w NITIR9 witw 72w ¥ 1and ('m 5) (7
N'YHUN NTIRONI ,bash Mnwna 0Dy 2N NIDMIY NRIYRIN NITIRON 'My .qonY
words.txt yalg 7w 3-7 NNIY NX 0'9TN XKINY D ,myprog.sh 7 KNp7 NIy
.DI¥P2 DONAIYN DX N0N .(NNYIIWA X7) N1WN INX DNK 9312 NI DITIRON

Sequence of commands:

==> start=3

==> end=7

==> source myprog.sh words.txt -c

Explanation: We set the bash variables $start and $end to the start and end
lines that we wish to be printed, and then execute the script using ‘source’ and
the option -c. Executing the script with ‘source’ means that the script has access
to the variables defined in the calling shell ($start and $end). The second
parameter ($2) is -c, so the third else if condition is satisfied. The variable
$numLines is set to be 5 (= $end - $start +1), which is the number of lines that
we wish to be printed. The tail and head commands result in lines 3-7 being
printed.




Question 2 (30 points): ((niTia 30) 2 n'7RY

Consider the following program: ;N2 NN MIANN
#include <stdlib.h>
int var;
int main() {
int i=3, 7J=0, k;
double x=1.2, y=2.0;
int arrl[4] = {1,2,3,4};
char arr2[10] = "hello!";

}

char* strl;
char* str2 = malloc(10);
if (!str2) return 1;

/*** yvv YOUR EXPRESSIONS BELOW THIS POINT vvv ***/
/***% A~ YOUR EXPRESSIONS ABOVE THIS POINT 1A **x/

free (str2);
return 0;

For 10 of the following 11 scenarios write a line of code that satisfies the
requirements of the scenario. Make sure to follow these instructions:

Your expressions should contain only variables and operators; it should not
contain constant literals. Examples of constant literals: 4 (for int), 5.0 (for
double), 'A' (for char), and "A" (for char¥*).

Assume that the line of code is written between the two comment lines in the
program.

Each scenario should be considered separately, ignoring the expressions you
suggested for other scenarios.

Keep one scenario unanswered. If you answer all scenarios, then only the first
ten will be checked.

Briefly explain how your line of code satisfies the scenario requirements.
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Example scenario: An expression that consists of two variables and an arithmetic
operator and evaluates to 6.0.
.6.0 DWI "UNNMIR NIVIBINI DINYNA Y 70NY 10 IXNAIT? W'NON

Solution: q (Rl)
Expression: y*i;

Explanation: y==2.0 ; i==3 = y*i==6.0.

*Note that y*2.0 is a wrong answer, because it contains the literal 2.0.
2.0 X070 DX 07N X D N1AY DAIWAN K y*2.0 W A7 M

Scenarios: (3 pts each)

a) An expression that consists of two variables and one of the logical operators &&
or ||, and the expression evaluates to 0.

.07 7wim 1vran AwRd || IR && DMAI7N DMIVI9INAN TANI DINYN YN 20MyY 1o (N

Expression: issi;

Explanation: i==3 ; j==0 =1 && j == TRUE AND FALSE == FALSE == 0.

b) An expression that consists of two variables and one of the logical operators &&
or ||, and the expression evaluates to 1.

97 7wim noan awR || IR && D7D DMIVI9INAN TANRI DINWN YN 201Ny 10 (2

Expression: i | |7;

Explanation: i==3 ; j==0 = | || j == TRUE OR FALSE == TRUE == 1.

c) An expression that contains a logical operator, which is short circuited, such that
that the second part of the operation is not evaluated.

Wi X7 1010 7w awn 7nnw ) (short circuit) 1x7 "2yt L,'ai7 N1019IX onw 1o (a

Expression: i | |7;

Explanation: i==3 ; j==0 =» the first part of i | | j is evaluated to TRUE, which implies
that the entire expression is evaluated to TRUE regardless of the second part.




d) An expression that contains one type conversion triggered by an assignment.
The expression should not trigger additional type conversions other than this
one.

N9011 7V NNNNY7 DNA7 MK X7 1020 .NNYNN NNNAY NNK Y Do 720w 1o (T
TN Nnn7 "avn

Expression: y=i ;

Explanation: i==3 is int, and y is a double variable, so 3 is converted to 3.0.

e) An expression that contains a type conversion triggered by a casting operator.
The conversion should be a demotion (from a “higher ranked” type to a “lower
ranked” type) but results in no change of value. The expression should not trigger
additional type conversions other than this one.

ImMnY? NdMY NN L(casting) Nwisn nNnnn NNNAY NNX )Y DN 7onw 1oa (o
DNA7 MK X7 102N A¥I'MND W 1Y K77 7K, (demotion) "ima” 019107 "niaa" ois'o
TN NNN7 "1ayn noon 1y nnnt?

Expression: i=(int)y;

Explanation: y==2.0 so the casting operator (int) converts it to int 2, which represents
the same value.

f) An expression that contains a type conversion triggered by a casting operator.
The conversion should be a demotion (from a “higher ranked” type to a “lower
ranked” type), and results in a change of value. The expression should not trigger
additional type conversions other than this one.

7'N7 NOMY NN .(casting) Nwaisn nnnn NNN2Y NNX W Dnn 7one o (I
DNA7 MK X7 M0N0 a¥IMN o 'y oy (demotion) "ma" 019107 "nia" o190
TN NNN7 "ayn noon 1y nnnt?

Expression: i=(int) x;

Explanation: x==1.2 so the casting operator (int) converts it to int 1, which represents
a different value.




g) An expression that contains two type conversions: one triggered by an arithmetic
operation and one triggered by an assignment.

.NNYNN NNN21N NNKXREN'UANMIN N71Y91 NNN2AIN NNX :D'0I9'0 NINNN 'MW 7DOnw 1o (T

Expression: i = x + j;

Explanation: x==1.2 and j=0, so the arithmetic operator (+) converts j to double 0.0.
The result of the operation (1.2 = 1.2+0.0) gets converted to type int 1 because of the
assignment into an int variable (i).

h) An expression that accesses an uninitialized variable (with arbitrary “garbage”
value).

(MY "7 1 oY) NNIR KW NINUNY wim'y nwiyy o (N

Expression: i = k;

Explanation: k and strl are the only uninitialized variables in this program. Note that
the global variable var is initialized to O by default.

i) An expression that results in a type mismatch compilation warning.
.0'019'02 NNKRNN Y0IN 7722 NX7'ONIR NINTR? DY 101 (v

Expression: strl = arrl;

Explanation: strl is a pointer of type char*, and this expression tries to assign it with
an address of type int*. Note that conversions between primitive types (non-pointers)
do not result in any warnings.

j) An expression that will likely result in a segmentation fault.
.segmentation fault 7 nni2a nnaoa nMa'w o

Expression: str1[2];

Explanation: strl is an uninitialized pointer variable, so de-referencing it will likely
cause a segmentation fault.

k) An expression that results in a memory leak.
N2'T NO'7T? D v (R

Expression: str2 = arr2;

Explanation: str2 is the only variable that holds the address of the memory block
dynamically allocated by malloc. Once we make it point to another address, we will not
be able to free the allocated block.




Question 3 (20 points): ((niTiRa 20) 3 n'7IRY

The file gan chovah. txt contains a list of children in a kindergarten class (nain |2)
in Herzliya. In particular, each line of the file lists the child’s first name, last name,
and number of times that the child attended the class’s daily Zoom session during
this school year. Each line in the file is formatted as follows:

<first><comma><last><comma><number>
where:

e <first> and <last> are the first and last names of the child
(respectively). They consist only of letters (upper or lower case), the
dash character (' -"), or the space character (* ').

e <number> is the number of times that the child attended the class’s
daily Zoom session during this school year. If the child has never
attended, then this field is kept blank. Also, being that so far there have
been only 52 school days so far, then it is guaranteed that <number>
consists of at most two digits.

e <comma> is the comma character (', ').

e You may also assume that lines do not start or end with space
characters and that there are no blank lines in the file.

NIV 75,0791 .0'"7¥1N2 NN |2 NNDA D77 7w ANl 9Dn gan chovah. txt yapn <
AIY'YA N2 T7'NW DAY 19011, 17 NNSWNN DY ,T7'0 W '015N DWN NX NVI9N Yal7a
IN2N LNI9N N7V X' YA MY 75 .0'TIM'Y7N MY 170N 'nifn DIt

<first><comma><last><comma><number>

UKD

nmMwn .("hNXNN]) T7'0 7w NNdWNN DYWI '019N DWN DN <last> | <first> e
" ) nmnmiax ('-") 9pan in L (Mol NIm) NIMIX P 017N

MY 170N N DITD IY'Ya N1 T7'NY D'MYSN 190N XIn <number> e
TYW [11'O0, 0N .7 INWI ATN DTYUN TR ,DIV'Y QX2 N0 X7 T7'0 DX .0 TN
JIN90 MY NI 707 7' <number> N NTYW NLAIN TR, TN ' 52 A 10 nd

', ") ?'090 IN NIN <comma> e

NP NNIY 'RYI NN N2 NMUNoN IX NI?'NNNA 'K NNIYY N'NY7 D'KWI DK e
Yain



Example for the contents of file gan chovah.txt NNQAIT? yalpn pIn

Elad, Kuttab, 27
Yonatan, Har-Zahav, 32
Avigail, Lebzelter, 48
Alon,Ben-Zev,

Ofer, Segalowitch, 12
Chanit, Isaaman, 22
Galia,Okun, 43
Chavatzelet,Fried, 52
Lev, Bar Gal, 5
Yeshaya, Cohen,
Betzalel Oz, Gold, 17
Yavin,Alter, 45
Netanel,Mendenhall, 52

a) (4 pts.) Write a piped sequence of commands, which takes the file
gan_chovah.txt and creates a file named never attended.txt that
contains a list of the first names of children that have never attended the
class’s daily Zoom session this school year. The names should be listed in
the order in which they appear in the original file. After applying the piped
sequence to the sample file above, the file never attended.txt should
contain these two lines:

Alon
Yeshaya

Yal? WX gan_chovah. txt yalpn NX NRI7Y nnwliwn nimpo gx1 and (‘7 4) (x
IN21 X7¥ 0'T7' W D"'019N NN 7D NX 7DNnY never attended.txt Dwa
19 7V D'IYA NI'N7 DMK NINYN .D'TIN'YZN MY DI DITD 'Wa5Nn TR QX
NNAITN Y2 2V DNwAIYNN NITIRON ¥ N7Y90 MNXK .MIPARN Yalpa DNyoSIn 110
NIXAN NNIYA MY DR 7007 1 never attended. txt yalpn ,n7wn%
Alon
Yeshaya

cat gan chovah.txt | \
grep -v [[:digit:]] | cut -f1 -4","
> never attended.txt

The grep command matches lines which contain no digits. Then, the cut
command extracts the first field. The resulting names are put into the
appropriate file.

10



b) (4 pts.) Write a piped sequence of commands that takes the file
gan chovah.txt and prints to the screen a sentence about each child:
<first> is a student in this gan chovah class

, but where <£irst> is printed with no unnecessary spaces. For example,
Betzalel Oz (with three space characters) is modified to Betzalel Oz
with a single space character.

NX (on%? 0'9MI gan chovah.txt Yyapn DR Npi7w nimpo qx1 2 (‘m 4) (2
T2 207 Xan voOwnn
<first> is a student in this gan chovah class

NWI?w DY) Betzalel Oz ,7wun% .0nim 0'niN X77 09T <£irst> WWXO,
JNX NN M DY Betzalel Oz 7 PpTIva (NN 1im

cat gan chovah.txt | sed -r 's/(.*),.*,.*/\1 is a student
in this gan chovah class/' | tr -s " "

The sed command matches the first name and then places it in the context of
the sentence “is a student in this gan chovah class.” Then the translate
command removes additional spaces before the printing of the sentence to the
screen.

c) (6 pts.) Write a piped sequence of commands that takes the file
gan chovah.txt and prints to the screen the first and last names of all
children whose first name contains the lower case letters 'a' and 'e'. The
first and last names of every child should be separated by an asterisk
character (' *'). After applying the piped sequence to the sample file from
page 7, the following lines should be printed to the screen:

Chavatzelet*Fried
Yeshaya*Cohen

Betzalel 0z*Gold
Netanel*Mendenhall

NKX (on%? 0'9MI gan chovah.txt Yapn DR NP7w NITpe qx1 and (7 6) (a
NNLVEN NINIRD DX 791 DNV 'VY9N DYWAY DTN 79 7w NNdYwnn DYI 'S0 DWN
D N MY DTMI9M N7 0DNX T D 7w nnswnn vl oSN nwn L'e' 1'a’
NNIYN ,7 TNya XNAITA YAl 2y DNwiwnn DImpon x n7wsn Nnx (' * ')
:10N7 NIODTIN NI'NT7 NIDMIX NIXAN

Chavatzelet*Fried
Yeshaya*Cohen

Betzalel Oz*Gold
Netanel*Mendenhall

11



cat gan chovah.txt | grep -E """ [",]*(a[”,]*ele[",]1*a)" |
CUt _fl_z _d'l,H tr H,H W

|
The extended grep command matches lines containing both a and e before the
first *,’. Then the cut command isolates the name fields, and the tr command
turns the comma into an asterisk.

d) (6 pts.) Write a piped sequence of commands that takes the file
gan _chovah.txt and prints to the screen the Jast name that is
alphabetically last among all children who attended at least 20 daily Zoom
sessions. The piped sequence should print a single last name as output.
After applying the piped sequence to the sample file from page 7, it should
print the name Okun.

NX Jon? 0'9TNl gan_chovah.txt Yyapn NX NpI?w Nimpe gy and (72 6) (7
DIt 'waon 20 nin972 1N2Iw D'T7'0 79 1'2An 'M'A97X 170 9"V [NNXD NNSYnn DV
q¥1 N7Y9n MNX .q0N7 T'N' NN9WN DY VI797 1Y WWIWNRN NITIPON ¥ .0l

DWUN NKX 0N7 0'9TN? MK XIN ,7 TNy XNAITN yalg v nnwliwnn NITpon
.Okun

grep [2-9]1[0-9]1$ gan chovah.txt | cut -f2 -d"," | sort |
tail -nl

The grep command will match lines that end with a two-digit number whose
tens digit is at least 2 (>=20). The cut command extracts the last name, and
the sort and head commands extract the last name alphabetically (also
possible to sort in reverse and use head).

12



Question 4 (35 points): ((niTiza 35) 4 n7IRY

» This question deals with representation of binary vectors as strings. A string
represents a valid binary vector if all its characters are '0' or '1'. Its value is
determined as the non-negative value represented by the binary representation (as
in unsigned types). For example, the strings "101", "0101", and "000101" all
represent the value 5, and the strings "0000", "0", and "" (the empty string) all
represent value O.

75 DX PN M1 M0RE NAX'NA NTANA DITNNAD 02 DNI0RI 7Y X' Do IT nIkw 4

M0 AN Y 2NN 7IY-RN WR D A Nt wn LTI IR "0 0N Y DtIinn

WA DR DAY 70 "000101" 1,"0101" ,"101" MITNNNN ,KNAIT? .(Jn'o K77 019'0D)
.0 wn nx niaxtm 723 (Apn ntnm) "t L"o" ,"0000™ nitnnnnt 5

» Implement the five functions specified in (a)-(e) for binary strings.
e There is no need to write documentation.

e You may use functions from the string.h library in your implementation. A
description of some relevant functions is given on page 23.

M nirnnn Yy (n)-(X) 2 NNXIMAN DIYRI90 NYnNn DX Iwnn <
TR TV NAMDA YIN 'R @
7w PN .string.h niMsonn NIY719% NINNPA 1TY'N7 0710 DX DD7W win'n e
.23 TINY2 N¥N1 NI'ONI7Y NIY2119 190N
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a) (7 pts.) Implement a function named numToBinaryString, which takes as
input an integer number (num), a character buffer (buff), and the buffer
length (buffLen). It then writes the appropriate binary string inside the buffer.

The string written in the buffer should contain exactly buffLen-1
characters ('0' or '1"'), based on the binary representation of num.

If buf fLen<0, then the function does nothing and returns 0. Otherwise, it
returns 1 after following the instructions below.

If num can be represented by fewer than buf fLen-1 bits, then the string
written in the buffer should contain leading zeros. For example, the call
numToBinaryString(5,buff,5) should write the string "0101" into the
buffer (with one trailing zero).

If num cannot be accurately represented by buffLen-1 bits, then the
string written in the buffer should contain the buffLen-1 least significant
(right-most) bits of num. For example, the call numToBinaryString
(5,buff,3) should write the string "01" into the buffer (dropping the
leading left-most '1"').

Don'’t forget the terminating '\ 0 ' at the end of the string.

Implementation tip: write the string from right to left.
,(num) 07w 190N VYD N7AMY ,numToBinaryString nwa N9 1wnn (‘i 7)
NTNNNN NX NAND XN .(buffLen) 1Nynn XK NNI L (buff) DN 7w wn

VN N AN'RNNN NN

("1 Ix '0") o'in buffLen-1 pI'Ta 7'O>N%7 N>X¥ 11YN2 NANdDIN NTNNAN e

.num 7¥ M2'a0 21" DXNNA

TN X' L,NANKR .0 W NThnil D7D AWy X7 Y190 X ,buffLen<O DX o

JIXAN NIrNaNN '97 Niow Nnx 1

YN NANdIN NTNNAN TX ,0'0'2 buffLen-1 n NINO ™y 2IX"7? N1 num OX e
numToBinaryString nx"pn X077  .0'72mM D'OSX 707 nDMX
09XN DY) wnn N7 "0101" ntnnmn NX amd? oMy (5,buff,5)

(7amn

NANdIN NTNNAN TX ,0'0" buffLen-1 'y P"ITA 2IX"7 N1 1I'K num DX o
,NDAIT? .num 7 (I'M™m) 01NN 0'0'2 buffLen-1 N NX 7'2n7 N>X 1wnNa
"01" NTNNNN DX 2INd7 nNd>MX numToBinaryString(5,buff,3) nxpn

(7xnwn 72mn '1' 2 DX PNT?) wnn Ny
DTANMMA DR D"oNN '\0' A DX q'OIN7 INDWN 7N e

ANNYYT ' NTNRNNN DX 12N (YIin Nxy

14

(x



int numToBinaryString(int num, char* buff,
int ind;

if (bufflLen <= 0)
return O;

buff[bufflen-1] = '\0';

for (ind=bufflLen-2; ind>=0; ind--) {
buff[ind] = '0' + (num & 1);
num >> 1;

}

return 1;

int bufflen) {
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b) (7 pts.) Implement a function named binaryStringToNum, which takes a
string holding the binary representation of some number, and it returns the
appropriate integer value.

e Ifthe string contains characters otherthan '0' or '1 ', the function should
return -1.

e If the string is empty, the function should return 0.

e If the string contains more characters than the number of bits that an int
takes, then the returned value should correspond to the least significant
(right-most) characters in the string.

e Your code should be portable across platforms, so you should not assume
that you know the number of bits that an int takes.

Implementation tip: read the string from left to right and use bitwise
operators to update the value of the binary vector that you have read up to
the present point.

AX" N7onw ntnnn NNpi?w binaryStringToNum nwa a9 1wnn (‘i 7)
.D'RNNN N90NN WD DX NThNLLINWY) 190n 7w N

S1LATnn? MY AN TR, '1IT IR "0 n DY DTN NN NTANNN DX e
.0 '7TNN% NDMIX NYAAI9N TR ,APY NTNNNN DX @

ATNIMN WD TX,790 int 019'0W D'V'AN 90NN DN NI AON NTNNAN DX @
Dtnnna (Pxnwn) "ooimi"n otinn X ax'? X

D'WTI' DNIXY N'IN7 D27 NIOKY D ,NIIY NN |2 T NIFNY )X DD7Y TIgn e
270 int o19'VwW D'V'AN 10N NN

|3'HJ'7 "T> D'0 7V DNIVISDINA NTYHI ,|'D"7 7Nnwn NTNNNN NX IXO)? (YIn'n NXy
NNY TY XN21W "M1'an “IID|7II'7 D'XNNN VN DX

int binaryStringToNum (const char* binaryStr) {
int val = 0;

while (*binaryStr) {

if (*binaryStr ! '0'" && *binaryStr !'= '1")
return -1;
val = (val << 1) + *binaryStr - '0';

binaryStr++;
}

return val;
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c) (7 pts.) Implement a function named isEven, which takes a string holding the
binary representation of some number and returns 1 if the represented
number is even and O if it is odd.

The function may assume that the input string containsonly '0' and '1"'
characters.

The empty string is considered to be even (value 0).

Do not call any of the functions you implemented in a-b.

See sample executions below.

150N 7¥ M1 A" AR'Thny NTNnn NNpI7w ,isEven owa axzao wnn (‘m 7) (a

AUT-'R RIN DX O 1207 XIN axI'n 1onn ox 1 nrnnl

1T T0T m o n%'on 07En NTNNAY NRNY D70 X790 e
(0 7y) naIr nawn ApN NTNNAN e

2-X 0'9'YO] DNWN'MW NIXZIDYT INN 7N e

.NONT7 XNAAIT? NINNMP I @

Sample executions: NAAIT? NINMY

# define BUFFLEN 5
char buffer[BUFFLEN] ;
int flag;

intToBinaryString(3,buffer, BUFFLEN) ;

flag = isEven (buffer); // flag

I
o

intToBinaryString(14,buffer, BUFFLEN) ;
flag = isEven (buffer); // flag =1
intToBinaryString (0,buffer,0) ;

flag = isEven (buffer); // flag

1 (empty string)

int isEven(const char* binaryStr) {

int ind = strlen(binaryStr)-1;
/*** empty string - return 1 *xx/
if (ind < 0) return 1;

/*** 1 1if binaryStr[ind]=='0"
0 if binaryStr[ind]=="1" xRk
return binaryStr[ind] == '0"';
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d) (7 pts.) Implement a function named shiftLeft, which takes a string holding
the binary representation of some number and performs the shift-left (<<)

operation on that number.

e The function may assume that the input string containsonly '0' and '1"

characters.

e The number of the characters in the string should not be changed by the

operation.

e Follow the standard rules of the shift-left operation, including bit overflow.

e Do not call any of the functions you implemented in a-c.
e See sample executions below.

Implementation tip: perform the operation from left to right.

7w M1 it Aptnny NTNnn NNpitw shiftleft nwa awo wnn (‘M 7)
(<<) 787 NTTA N71YO 1'7Y Nyxani 1oon

J1T 0" m pn n'?7'on 0En NTNNAY NN D710 NYRen
X190 MY NINWNYT AR X7 NTNNN2 01NN 150N

D'V NWA 77D PNt Attan NhIYe 7w nroaTvon 0'7'7Hn 'O Y 17V
.(overflow)

A-N D'9'Y0] DNUNMY NI'YAI97 INPN 7N
.N0NT7 XNAIT? NIXNP I

M7 7xnwn N71y9n NX 1Y¥] 1wIin' Ny

(v

Sample executions: INAAIT? NINNYP

# define BUFFLEN 5
char buffer[BUFFLEN] ;
int num=3; // num = 3

intToBinaryString (num,buffer, BUFFLEN) ;
shiftLeft (buffer) ;

num = binaryStringToNum (buffer); // num = 6
shiftLeft (buffer)

num = binaryStringToNum(buffer); // num = 12
shiftLeft (buffer);

num = binaryStringToNum(buffer); // num
shiftLeft (buffer);

num = binaryStringToNum(buffer); // num

8 (overflow)

0 (overflow)
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void shiftLeft (char* binaryStr) {
/*** empty string - do nothing ***/
if (!*binaryStr) return;
/*** Shlft ***/
while (binaryStr[1]) {
binaryStr[0] = binaryStr[l];
binaryStr++;

}
/*** push 0 to the right ***/

binaryStr[0] = '0';
return;
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e) (7 pts.) Implement a function named sumBinary, which takes two strings

holding binary representations of two number (binaryStrl and

binaryStr2) and adds the second number to the first.

e The string held by binaryStr1 after the invocation of the function should
hold a binary vector representing the sum of the two numbers, and the
string held by binaryStr2 should be unchanged by the function.

e The length of the string in binaryStrl should not be changed by the
function. If the value of the sum cannot be represented by this number of
bits, then overflow occurs, as expected in an operation of two integer
numbers.

e The function may assume that both input strings contains only '0' and
'1' characters.

e Do not call any of the functions you implemented in a-d.

e See sample executions below.

Implementation tips: perform the operation by scanning both strings
simultaneously from right to left, until you reach the start of binaryStrl. In
each step, you need to add the two bits in the current position in the two
strings, plus a possible “carried over” value from the previous position. For
example, adding bits 1 + 1 gives bit O and a value of 1 carried over to the next
position. Make sure to keep the “carry-over” value as you scan the strings.

7w M1 2T NI7'ONN NITNNN "My NNRI7Y ,sumBinary nwa n'¥19 1wnn (771 7)
JURIT7 Awn 190onn Nk NNannl ,(binaryStr2 | binaryStrl) nnson v

VPRI P'TANT NOMIX N¥ZII97 RPN INK binaryStrl 2 NKXNIN NTNNNN e
binaryStr2 1 Nx¥ni1n NTNNNNI,0M950NN Y 7W DIDON NX Ax'Nn M1
NN97 RPN MY NNWNT K7 DNmx

750N DX .N'Y190 MY NNWNYT NINK X7 binaryStrl NTNNN2 D'INN 190N e
NY'2 NYNINN TX ,0T D'IIN 19011 7172 DIDON 7¢ #'1T AIX"? wNTN D'0'aN
.0'7W DMI90N 7¥ NI'UNNMIX NI7IV9] NIPY '9) ,0'01

J1T 0T i nizon 0Ypn NITNNN MY NN A7 AXen - e
.T-X D'9'YO] DNYUN'MY SNIX7I0T INNN 7N e
.N0NT7 XKAAIT? NIXNMP IR @

,NINT-12 ''7 78NN DITNNNN "Ny 7w npno My n71Von DX 1Y¥] twin'? nixy
Y NN 12N7 007y ,TYX 701 .binaryStrl NTNnNn 7w A7NNn7 0'v'an DNRY Ty
,NDAIT? .0TI7N0 DI'MNNn "N2"w v 0a "2IRE,NITNNNN '"My1 NN DR 0'0'an
DNIY DNRY INTI .XAN D07'7 N2aw 177w 0 v1a%7 k'an 1 + 1 0'oan v an

JITNNNN NRN0o 1D M "MN2"h wn X
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Sample executions:

:NRAIT? NINP

# define BUFFLEN 5
char bufferl [BUFFLEN], buffer2[BUFFLEN];
int num;

intToBinaryString (3,bufferl , BUFFLEN) ;
intToBinaryString (5,buffer2 ,BUFFLEN) ;
sumBinary (bufferl, buffer2);

num = binaryStringToNum(bufferl); // num
sumBinary (bufferl, buffer2);

num = binaryStringToNum(bufferl); // num
sumBinary (bufferl, buffer2);

num = binaryStringToNum(bufferl); // num
sumBinary (bufferl, buffer2);

num = binaryStringToNum(bufferl); // num

8
13

2 (overflow)

7
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void sumBinary (char* binaryStrl, const char* binaryStr2) ({
int indl = strlen(binaryStrl)-1,
ind2 = strlen(binaryStr2)-1,
carry = 0;

/*** gscan both vectors from right to left ***/

while (indl1>=0 && ind2>=0) {
binaryStrl[indl] += carry + binaryStr2[ind2] - '0';
/*** check for carry for next position ***/
if (binaryStrl[indl] > '1'") {

binaryStrl[indl] -= 2;
carry = 1;

} else {
carry = 0;

}

indl--;

ind2--;

}

/*** if there is left over in binaryStrl,
then propagate the carry until it reaches 0 ***/
while (indl1>=0 && carry > 0) {
binaryStrl[indl] += carry;
/*** check for carry for next position ***/
if (binaryStrl[indl] > '"1'") {

binaryStrl[indl] -= 2;
carry = 1;
} else {
carry = 0;
}
indl--;
}
return;
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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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