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

int main() {
unsigned int dd:;
unsigned int mm;
unsigned int yyyy:

printf(”Please input one date in the format:\ndd mm yyyy\n”);

if (3!=scanf ("%u%u%u” , &dd, &mm, &yyyy)) {
printf(”Problems reading input. Input may be invalid\n”);
exit (EXIT_FAILURE) ;

}

if (O>yyyy |1 9999<yyyy) |
printf(”Invalid year %d.
“You can only use years from 0000 to 9999\n”,yyvyy):
ex1it (EXIT_FAILURE) ;

”

}

if (1>mm 11 12<mm) {
printf(”Invalid month %d. ”
“You can only use months from 01 to 12\n”,mm) ;
exit (EXIT_FAILURE) ;
}

if (1>dd Il 31<dd) |
printf(”Invalid day %d. ”
“You can only use days from 01 to 31\n”,dd);
exit (EXIT_FAILURE) ;

if (31==dd && (11==mm || 9==mm || 6é==mm || 4==mm)) {
printf(”The %dth month cannot have %d days\n”,mm,dd)
} else if (29<dd && 2==mm) {
printf(”The %dnd month cannot have %d days\n”,mm,dd)
} else if (28<dd && 2==mm && (! (yyyy%&4==0&& (! ((yyyy%100==0)&&(yyyy%400!=0)))))) {
printf (”The %dnd month has %d days only on leap years, and %d is ”
“not a leap year.\n”,mm,dd,yyyy):
} else {
printf(”"%d/%d/%d is a valid date\n”,dd,mm,yyyy):
}

return EXIT_SUCCESS;
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#include <stdio.h>

int main(Q)

{

int num, i, option=-1, counter;

while(option = 3) { /* keep presenting menu untill exit */
do{

printf("'Enter a positive number: ");
scanf('%d", &num) ;

Jwhile(num<=0);

printf('Select one option from the following:\n\n");
printf("'(1) calculate the number of digits of %d.\n",num);
printf("'(2) check if the number %d is a prime number.\n",num);
printfF(""(3) Exit.\n");

do{
printf("'Enter option:");
scanf("'%d",&option);
Jwhile(option<l || option>3);

switch(option) {

case 1:
counter=0;
while(num>0) {
num/=10;
counter++;
printf(''\nThe number of digits is %d.\n",counter);
break;
case 2:
if(num==1){
printf("''\nThe number is not a prime
number._.\n'");
break;
by
for(i=2 ; i<num ; i++){
iT(hum%i==0){
printf(''\nThe number %d is not a prime
number.\n"",num);
break;
¥
}
if(i==num)
printf(''\nThe number %d is a prime
number..Xn",num) ;
break;
case '3:

printfF("Exit.\n");
return O;



printf(C"\n\n'");
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#include <stdio.h>

int main(Q)
{ _
int num, copy_num;
int left, right;
int i,counter, contain_O;

do{

printf("’Enter number: ');

scanf("'%d", &num) ;

Copy_num=num;

contain_0=0;

while(copy_num>0){

iT((copy_num%10)==0){

contain_0=1;
break;

by
copy_num/=10;

}
Iwhile(num<=0 || contain_0);
copy_num=num;

while(copy_num>10){ /* keep checking if we steel have 2 digits or more */

left=copy_nhum;
right=copy_num;

counter=0;

while(left>10) { /* get the left digit */
left/=10;
counter++;

3

right=copy_num%10; /* get the right digit */

if(right = left) {
printf("'The number %d is not a palindrome\n',num);
return O;

}

for(i=0; i<counter ; i++) /* calculate what is number to be reduced

from the left side */
left*=10;

copy_num= (copy_num -(left + right))/10; /* calculate what is the new
number to check */

}
printf("'The number %d is a palindrome\n',num);
return O;
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/* count-abc.c */

/* This program counts the number of occurrences of the string "abc" in

#include <stdio.h>

int main O

{.
int c;
int count=0;
char state=0;

while ((c=getchar()) !'= EOF) {
if (c == "a") {
state ="a";
} else if (state == "a" && c == "b") {
state = "b";
} else if (state == "b" && c == "c") {
count++; state = O;
} else {
state = O;
}
}

printf ("The string %s occurs %d times.\n",
return O;

abc', count);

}

/* arrow.c */

/* Read numbers until EOF, print the length of the longest
increasing (contiguous) sub-sequence */

#include <stdio.h>

int main

{
int inputl,input2, length=1,max_length=1,start=1,max_start=1,i1=1;
scanf ('%d", &inputl); /* the input is valid and has at least one
number */
while (scanf("%d",&input2)==1) { /* while not end of file */
i++; /* the index of the current number */
it (input2>inputl) { /* still monotone */
length++;
} else { /* breaking a monotone sequence */
length=1; /* a new sequence starts here, its length is 1 */
start=i;
it (length>max_length) { /* if we"re currently breaking a record */
max_length=length; /* update records */
max_start=start;
}
inputl=input?2; /* prepare to read new input */
}
printf ("'The length of the longest arrow is %d, "
“starting from the %d-th element\n',max_length,max_start);
return O;
}

its Input */
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/* matches.h */

#ifndef _MATCHES H
#define _MATCHES H

int RemoveMatches(int, int);
void ShowGame(int,int,int);
int GetNextPlayer(int);

int ManageGame();

#endi
/* matches.c */

#include <stdio.h>
#include "matches.h"

int RemoveMatches(int matches, int max_matches)

{

int remove;

printf("'Put number of matches to remove:\n'");
scanf("'%d", &remove) ;

if(remove > max_matches || remove <= 0 |] remove > matches)
{
printf("*'Wrong input. Try again\n');
return -1;

}

return matches - remove;

void ShowGame(int matches, int max_matches, int turn)

{ o
int i;
printf("'The number of matches now in the table is: %d\n",matches);
printF("'The maximal number of matches that can be removed is:
%d\n",max_matches);

for (i=0 ; i<matches*2 ; i++)
printf('-"");
printf(''\n"");

for (i=0 ; i<matches ; i++)
printf('] ');
printf(''\n"");

for (i=0 ; i<matches*2 ; i++)
printf('-");
printfC\n");

if(turn == 1)

printf(""**_Player 1 it is your Turn **\n'");
else

printf(""** Rlayer 2 it is your Turn **\n'"");

}

int GetNextPlayer(int turn)

11



if(turn == 1)

return 2;
else
return 1;
}
int ManageGame()
{
int matches, current_matches;
int max_matches;
int turn;
do{
printf("'Enter number of matches:\n"");
scanf("'%d",&matches);
Iwhile (matches <=0);
do{
printfF(""Enter the maximum number of matches: (1 - %d)\n",matches);
scanf("'%d",&max_matches);
Iwhile ((max_matches <= 0) || (max_matches > matches));
do{
printfF("'Which player wants to start? press 1 or 2.\n"");
scanf("'%d",&turn) ;
Iwhile ((turn = 1) && (turn 1= 2));
while(matches > 0)
{
ShowGame(matches, max_matches, turn);
do{
current_matches = RemoveMatches(matches,max_matches);
Iwhile(current_matches == -1);
if( (matches = current_matches) != 0)
turn = GetNextPlayer(turn);
}
if(turn == 1)
{
printf("'player 1 won the game!\n'");
return O;
}
else
{ _
printf("'player 2 won the game!\n');
return 1;
}
}

12



/* Main */

#include <stdio.h>
#include "matches.h"

int main()

{ _
int games;
int i;

int winl = O;
int win2 =0;

printf("'How many games do you want to play?\n');
scanf("'%d", &games) ;

for (i=1 ; 1 <= games ; i++)
{
printf('**** GAME NUMBER %d ****\n',i);
if(ManageGame())
win2++;
else
winl++;

printfF("'Player 1 won %d games.\n',winl);
printF(""Player 2 won %d games.\n",win2);

return O;

13
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: MNAN NVXPNN NN VNND 03Dy
int getline(char s[], int lim)

, (NDATHIN 79y 9Y2N5 NI NITINHNY OMNN DY IOMOPNN DTN NINW) lim TV S NHINHD NYIAPN NIIPNMN
TV DPIN NYNINN ROW RTNT ¥ . s NHIINNA NNIN MIONND) , standard input -nn (N 9NN IN) NNV NONP
.NOVOPY OINNN 90N NX PINN PN )ID2Y . lim

#define LINE 256  :7)>)mnayaps 17wn 10 IX PHno v
int getword(char w[], int lim)

, (NNATIN Y79y 551D NI NHINNNY OINN DY SDMOPNN TN XINY) lim T w IHINND NYAPN PN
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.(newline) \n’ (tab) "\t

#define STR 30  : 1512 Map5 NHINKN DTN NN PTHNY ¥
int substring( char * strl, char * str2)

MANINn nN) strl -2 n5om str2 ORN NPT str2 - strl MMINHD NY NYAPN XPNN
.ND ON 0-1 )2 ON 1 NN P¥PNaN . aagabahj bv NN nn 8N aba : NN

int similar (char *s, char *t, int n)

: N2 19IND MIINN P2 JPHTN AR NPTIAI N I909) t -1 S MININD NV NYAPNI NINPNN

LN NN N OV NLPVYN Y S NNINHY T NNINHNN YHIND 1N OXN NPT NIIPNAN
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void print_lines(char * str)

NYN DN MV NX NODATNI,VLOPLN MNY NX NVIP ,YIDND NNXIN NNINNN NN NYAPN MXPNN
2OV2 1 TNNY NPLINDIN NVIPNN YIDY TIN ,NHINHDN

void print_similar_words(char * str)

NHINIY MNITN DDA AN NDXATN LOPLN MM NN NVNP ,YIDNT NMININ NNINNDN NN NOIAPN MSPNN
(VIDNN NIINKZMNTN DN H513) LOPLI MYNNN DIDNNN NNX NMIN DY NVNPWN T TY VIDNN
209 ITNNY NPLINDIN NPXPNN YHNYN 7PNPNON

vYp
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/* find.h */

#ifndef _FIND _H_
#define FIND H

#define LINE 256
#define WORD 30

int getline(char s[], int lim);

int getword(char s[], int lim);

int substring( char * strl, char * str2);
int similar(char *s, char *t, int n);

void print_lines(char * str);

void print_similar_words(char * str, int n);

#endi

/* find.c */

#include <stdio.h>
#include <string.h>
#include "find.h"
int getline(char s[], int Llim)
intc, 1, j;
for(i = 0, jJ = 0; (c = getchar(Q)!'=EOF && c I= "\n"; ++I)
if(i < Llim - 1)

s[j++] = c;
}
}
if(c == "\n")
{
if(i <= lim - 1)
{
shi++] = c;
++1;

}
s3] = "\0~;
return i;
}
int getword(char s[], int lim)
intc, t, j;

for(i = 0, j =.0: (c = getchar())1=EOF && c != "\n"&& c I= "\t"&& c I= " "; ++i)

D

if@ < lim

s[j++] =
}

(9]

}
si] = *\O%;

17



return i;

}

int substring( char * strl, char * str2)
{
char *cp = strl;
char *sl1l, *s2;
it ( I*str2 )
return 1;
whille (*cp) {
sl = cp;
s2 = str2;
whille ( *s1 && *s2 && I (*s1l-*s2) )
Sl++, S2++;
if (1*s2)
return 1;
cp++;
}

return O;

}
int similar(char *s, char *t, int n) {
int i;

while(*s) {

i=0;

while(*(t+1) = *s) {
iTAC(t+1)))

return O;

i++;

.

n-=i;

S=s+1;

t=t+i+1l;

return (n==strlen(t));
}

void print_lines(char * str) {
char line[LINE];
while(getline(line,LINE)) {

if(substring(line,str))
puts(line);



void print_similar_words(char * str, int n) {

char word[WORD];
int i;

while(getword(word,LINE)) {
i=n;

while(i>=0) {
if(similar(str,word,i))
printf("'%s\n" ,word) ;
i--;

}
/* main */

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

int main(Q)

char word[WORD];
char option;
getword(word,WORD) ;
option=getchar();

getchar();
getchar();

if(option!="a" && option 1="b"){
printf("'Bad selection.\n");
exit(1);

}

if(option=="a") {
printfF("'Printing lines that contain the word "%s":\n\n",word);
print_lines(word);

}

if(option=="b") {
printF("'Printing the similar words for "%s®" up to 1 degree of
similarity:\n",word);
print_similar_words(word,1);
}
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void init_table(char Table[SIZE][SIZE]) (1

TN NOAVN DTN IWUNRD, A\’ -2 PIDN DD DX HNNNRN PNRWNN NDIV NN DIAPN MINPNON
#define SIZE 15 :non1o #define -2 nmoynn wxia

int get_words(char words[WORDS_NUM][LENGTH]) (2

-2 DNIN JONRN NNTON NI1DWH NMMNIN DN NN WHRNWNNN VPN INPNON
NN 0M)NoNN 0P 0N LENGTH -y WORDS_NUM qwx> words[WORDS_NUM][LENGTH]
99010
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. #define LENGTH 10 -y #define WORDS NUM 15 :Nnn1o
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20



void show_table(char Table[SIZE][S1ZE],char words[WORDS NUM][LENGTH], (3
int flags[WORDS_NUM], int num_words)
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int put word(char Table[SIZE][SI1ZE],char word[]) (4
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(399 0-n D900 RONTI) . (7 \ | ==) MNTPNN PP NN .3
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S5 TNPNS MYNNND YNINN

N)20WN NI TIY IR IPINND NDMIN DX INIY DNNONN ONX . a
:DNNYSNI ND ON . b

Ctries N TR L
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int check location(char Table[SIZE][SI1ZE],char word[],int Xx,int y,int (5
direction)
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.0 92NN NN NINK 1N NNDWN OX 1 3INN

int assign_words(char words[WORDS NUM][LENGTH] , int num_words) (6
Table[SIZE][S1ZE], char
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int find_word(char Table[SI1ZE][SI1ZE], char word[],int x,int y) (7

DIPIRIMND TNN MTON NRXDI NPNN ORD,MOPTNXIPI NDION NP NIY PITIN INPNON

2 11190 NRINN FPIPNAN NN 19NN OX (7 \ | == ) DNWN \IDWN ONPON TN
=100, NINN 090N N¥IWN
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id highlight_solution(char Table[SIZE][SIZE], char word[],int x, int vy,

int direction)
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/* tifzoret.h */

#ifndef TIFZORET H_
#define _TIFZORET H_

#define SIZE 15
#define WORDS NUM 15
#define LENGTH 10

void init_table(char Table[SIZE][SIZE]);

int get_words(char words[WORDS_NUM][LENGTH]);

void show_table(char Table[SIZE][S1ZE], char words[WORDS_NUM][LENGTH], int
flags[WORDS_NUM], int num_words);

int put_word(char Table[SIZE][SIZE],char word[]);

int check location(char Table[SIZE][SI1ZE],char word[],int X,int y,int direct);
int assign_words(char Table[SI1ZE][S1ZE], char words[WORDS_ NUM][LENGTH], int
num_words);

int find_word(char Table[SIZE]J[SI1ZE], char word[],int Xx,int y);

void highlight_solution(char Table[SIZE][SIZE], char *word,int X, int y, int
direction);

int get_all_locations(char Table[SIZE][S1ZE],char words[WORDS_ NUM][LENGTH], int
num_words);

#endi f

/* tifzoret.c */

#include<stdio.h>

#include<string.h> /* for strlen() */
#include<stdlib.h> /* for rand() */
#include"tifzoret._h"

int get_words(char words[WORDS_NUM][LENGTH])
{
int num_words,i;
do{
printf("*How many words do you want to enter? (1 - %d)\n',WORDS_NUM);
scant('%d"", &num_words) ;
Iwhile(num_words>WORDS NUM]] num_words<=0);

for(i=0; i<num_words;i++)
{
do{
printfF("'Enter word (1-%d charactes): " ,LENGTH -1);
scanf("'%s" ,words[i]);

if(strlen(words[i]) > SIZE)
printf("'Wrong input\n');
Iwhile(strlen(words[i]) > SIZE);

return num_words;
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void init_table(char Table[SIZE][SIZE])

{
int i,j;
Ffor(i=0;I<SIZE;i++)
for(§=0; J<SIZE;j++)
Table[i][J]="\0";
}

void show_table(char Table[SIZE][S1ZE],char words[WORDS_NUM][LENGTH], int
Fflags[WORDS_NUM], int num_words)

{
int i,j;
printf(''\n");
for(i=0 ; I<SIZE ; i++)
for(J=0 ; J<SIZE ; j++)
printf('[%c]", Table[i]1);
printf(’'\n"");
printf(C"\nFind the following words:\n");
for(i=0; i<num_words;i++)
if(flags[i1]==0)
printf('(%d) %s\n",i+1,words[i]);

printf(''\n"");
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int put_word(char Table[SIZE][SIZE],char word[])

{
int direction, tries=0;
int x,y,i;
while(tries < SIZE*SIZE)
{
x=rand(Q%SI1ZE;
y=rand(Q%SI1ZE;
direction=rand()%4;
switch(direction)
{
case O: /* for the right */
if(check_location(Table,word,x,y,0)==1)
{
for(i=0;i<strlen(word);y++,i++)
Table[x][y]=word[i];
return O; /* returns "0" in case of success
*/
}
break;
case 1: /* for down */
if(check_location(Table,word,x,y,1)==1)
{
for(i=0;i<strlen(word) ;x++,i++)
Table[x][y]=word[i];
return 1;
}
break;
case 2: /* for right diagonal */
if(check_location(Table,word,x,y,2)==1)
{
for(i=0;i<strlien(word);y++,X++,i++)
Table[x][y]=word[i];
return 2;
}
break;
case 3: /*for left diagonal */
if(check_location(Table,word,x,y,3)==1)
{
for(i=0;i<strlen(word);y--,X++,i++)
Table[x][y]l=word[i];
return 3;
}
i
tries++;
}
return -1; /* in case of failure */
}

int check location(char Table[SIZE][S1ZE],char word[].,int x,int y,int direct)
{

int i;
switch(direct)
{

case 0O:

if(yt+strlen(word)>=SIZE)
return O;
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case 1:

case 2:

case 3:

}

for(i=0;i<strlen(word);y++,i++)

{
iT(Table[xX1Ly]l!="\0" && Table[x]Lyl!'=word[i])
return O;
}
break;

if(x+strlen(word)>SI1ZE)

return O;
for(i=0;i<strlen(word) ;x++,i++)
{
if(Table[x][y]1'="\0" && Table[x][y]l!'=word[i])
return O;
¥
break;

if(y+tstrien(word)>SIZE || x+strlen(word)>SIZE)

return O;
for(i=0;i<strlien(word) ;y++,X++,i++)
{
if(Table[x][y]1'="\0" && Table[x][y]l!'=word[i])
return O;
}
break;

if(strlen(word)>y || x+strlen(word)>SI1ZE)

return O;
for(i=0;i<strlien(word);y--,X++,i++)
{
if(Table[x]Ly]1!'="\0" && Table[x][y]l'=word[i])
return O;
by

return 1; /*for success */
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int assign_words(char Table[SI1ZE][S1ZE], char words[WORDS NUM][LENGTH], int num_words)
{

int 1,j;
for(i=0 ; i<num_words ; i++)
if(put_word(Table, words[i])==-1)
return O;

for(i=0 ; 1 < SIZE ; i++)
for(J=0 ; J<SIZE ; j++)
if(Table[i][J1=="\0")
Table[i][J] = randQ%(26)+97;

return 1;

}
int find_word(char Table[SIZE][S1ZE], char word[],int X,int y)
{

int i;

int counter=0;

int x1,yl;

X1=x;
yl=y;

for(i=0 ; i<strlen(word) || Table[x1][yl]!'=word[i] ; yl++,i++)
if((Table[x1][yl]==word[i]) || (Table[x1][yl] == word[i1]-32))

counter++;
if(counter==strlen(word))
return O;
X1=X;
yl=y;

counter=0;

i<strlien(word)||Table[x1][yl]!'=word[i] ; Xx1++,i++)

for(i=0 ;
== word[i]-32))

if((Table[x1][yl]==word[i]) || (Table[x1][y1]
counter++;

if(counter==strlen(word))

return 1;

X1=x;

yl=y;
counter=0;

for(i=0 ; i<strlen(word)]||Table[x1][yl]!'=word[i]
if((Table[x1][yl]==word[i]) || (Table[x1][y1]

5 Y1+, X1++,0+4)
== word[i]-32))

counter++;
if(counter==strlen(word))
return 2;
X1=x;
yl=y;

counter=0;

for(i=0;i<strien(word) || Table[x1][yl]!'=word[i];yl--,x1++,i++)
if((Table[x1][yll==word[i]) |] (Table[x1][y1l] == word[i]-32))
counter++;
if(counter==strilen(word))
return 3;
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return -1;

}

void highlight_solution(char Table[SIZE][SIZE], char *word,int x, int y, int
direction)

{ o
int i;
switch(direction)
{
case O:
for(i=0 ; i<strlen(word) ; y++,i++)
Table[x]Ly]l = word[i] - 32;
break;
case 1:
for(i=0;i<strlen(word) ;x++,i++)
Table[x][y] = word[i] - 32;
break;
case 2:
for(i=0;i<strlen(word);y++,x++,i++)
Table[x][y] = word[i] - 32;
break;
case 3:
for(i=0;i<strlen(word);y--,x++,i++)
Table[x][y] = word[i] - 32;
break;
}
}

int get_all_locations(char Table[SIZE]J[SI1ZE],char words[WORDS_NUM][LENGTH], int
num_words)

‘.
int i;
int success=0,failure=0;
int choice,x,y,direction;
int flags[WORDS_NUM];
for (i=0 ; I<WORDS_NUM ; i++)
flags[i]=0;
while(success < num_words)
{
show_table(Table,words,flags,num _words);
do{
printf("'Chose word number:");
scanf("'%d",&choice);
if(choice<l || choice>num_words)
printf("'Chose right option!\n");
Jwhile(choice<l || choice>num_words);
if(flags[choice-1]==0)
printf(C"\nEnter location (row and column) of the
word:*);

printf("'%s" ,words[choice-1]);

printfF('\nTo end the game please enter non positive
values\n™);

printf(""Enter row number:');

scanf('%d™, &x) ;

printf("Enter column number:'");
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scanf("'%d",&y);
if(x<=0 || y<=0)

printf(""*end of game*.\n"");

return O;

}

if((direction = find_word(Table,words[choice-1],x-1,y-

1)) 1= -1)

{
printf(""**Right answer**\n');
flags[choice-1]=1;
highlight_solution(Table,words[choice-1],x-1,y-

1,direction);

success++;

}

else

{

printf("##Wrong answer##\n');
failure++;
}
}
else
printf("'you have already guessed this word\n™);
}
if(success == num_words)

show_table(Table,words, flags,num_words);
printf(C"\nYou have guessed all the words!\n");
printf("'The final score is: %d/%d\n",success,success+failure);

return 1;
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/* main */

#include <stdio.h>
#include <time.h>
#include <stdlib.h>
#include "tifzoret.h"”

int main()
char Table[SIZE]J[SI1ZE];
char Words[WORDS_ NUM][LENGTH];
int num_words=0;

srand(time(0));
init_table(Table);

it (assign_words(Table,Words,num_words=get_words(Words)) == 0)
{

printf("'Can®t put the words\n');

return 1;

}
get_all_locations(Table,Words,num_words);

return O;
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/* permutation.c */

#include <stdio.h>

int toss(int k) {

return random(QQ%k;

}
void permutation(int arr[],int n) {
int i,tmp, index;
for(i=0 ; i<n ;i++) {
index=toss(n-i)+i;
tmp=arr[i];
arr[i]=arr[index];
arr[index]=tmp;
}
/* max.c */
#include <stdio.h>
void sort (int array[], int size); /* mergesort - O(n log n) */

void print_max(int a[], int n, int max)

{
int sum=0,1i;
sort(a,n);
for (1=0; i<n && a[i]<0; i++) {
sum += a[i];
if (sum<=max) {
for (J=0; j<i; j++) {
printf('%d ", a[j1);
y }
while (i<n && (sum+=a[i])<=max) {
printf('%d *,a[i++]);
}
printf(''\n"");
}
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/* intersect.c */

#include <stdio.h>

void sort (int array[], int size);
int binsearch (int n, int v[], int low, int high);

void intersect(int a[], int lena, int b[], int lenb, int c[], int *lenc)

{ .
int 1=0;

*lenc=0;
sort(b,lenb);
for(i=0 ; i<lena ; i++)
if(binsearch( a[i],b,0,lenb-1) 1= -1 ) {
c[*lenc]=ali]l;
(*lenc)++;

}
/* matrix.c */

#include <stdio.h>
#define SIZE 20

int findNum (int matrix[SIZE]J[SIZE], int n, int number)

{
int =0, j=n-1;

if(n==0)
return O;

while(matrix[i][j] '= number) {
if(matrif[i][j] > number)

J---
else
i++;
if(i==n || j== -1)
return O;
3
return 1;
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/* sqrt example */

#include <stdio.h>
#include <math.h>

int main ()
{
double param, result;
param = 1024.0;
result = sqgrti(param);
printf (sqrt(%¥f) = %If\n", param, result );
return O;

97N RPN wHRNWNY N Sy Tipn N nna math.h 717900 N 51955 vr 5 29 v
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#include <stdio.h>
#include <math.h>

#define PIE 3.14159

int main()

{

double radius, a;
double area_rect;

printf("'please enter radius value:'); /* get the values from the user */
scanf(C'%lf",&radius);

printf("'please enter "a" value:');

scanf("'%lf",&a);

area_rect = sqrt(4*radius*radius - a*a) * a; /* print the results */
printf("'The area of the rectangle is: %f\n', area_rect);

printf("'The area of the circle is: %f\n", PIE*radius*radius);
printf("'The area of the square is: %f\n", 4*radius*radius);
printfF("'The area of the triangle is: %f\n", area rect/2);

return O;
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/* numbers.c */
#include <stdio.h>

int main(Q)

int number,option;
int dig_1, dig_10, dig_100, dig_1000;

printf("'Please enter a number:');
scanf("'%d"", &number) ;

if(number < 1000 |] number > 9999) {
printf('wrong inputi\n™);
return 1;

}

printf("'Please choose one of the following options:\n");
printf("'(1) count the sum of the number®s digits.\n");
printf("'(2) print the number in reverse order.\n");
printfF(""(3) Exit.\n");

scanf("'%d",&option);

switch(option)
{

case 1:

dig_1= number%l0; /* Extracting the 1th digit */
dig_10= (number /10) %10; /* Extracting the 10th digit */
dig_100= (number /100)%10; /* Extracting the 100th digit */
dig_1000= (number /1000)%10; /* Extracting the 1000th digit*/
printf("'The sum of digits of the number %d is: %d",number,

dig_1 + dig_10 + dig_100 + dig_1000);

break;

dig_1= number%10;

dig_10= (number /10) %10;
dig_100= (number /100)%10;
dig_1000= (number /1000)%10;

printf("'The reverse number of %d is: ',number);

if( dig_1 '=0)
printf("'%d",dig_1);

if( (dig_1 '= 0) || (dig_10 = 0) )
printf(""%d",dig_10);

if( (dig_1 '=0) || (dig_10 '=0) |] (dig_100 !'= 0) )
printf("%d",dig_100);

printf("'%d\n",dig_1000);

break;

printfF("Exit\n");
break;

printf("'You didn"t choose a valid option.\n");

case 2:
case 3:
default:
¥
return O;
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/* characters.c */

#include <stdio.h>
#include <ctype.h>

int main()

{
char ch;
printf("’Enter a character:");
scanf("'%c™",&ch);

iT (isalpha(ch)) {
switch (ch) {
case "A" :
case “E-
case "I-
case "0O°
case "U-
case "a
case
case
case "
case "

C O = (D

printf("'The character %c is a vowel.\n",ch);
break;

default :

printf("'The character %c is a consonant.\n',ch);
break;

}

} else if (isdigit(ch))
printf("'The character %c is a digit.\n",ch);
else if (isspace(ch))
printfF("'The character %c is a space.\n',ch);
else 1T (ispunct(ch))
printf("'The character %c is not a digit and not an alphabethical
character._\n",ch);
else {
printf("'Unexpected character |%c] in input\n",ch);
return(l);
}

return O;
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#include <stdio.h>

void play_game();

void initialize_piles();
void display piles(Q);

int all_done();

int get_human_move();

int select_computer_move();

int pilel, pile2;

/*
This function decides who start the game andmanages the game between the user
and the

computer step by step. The function display the current situation after every
move.

At the end, the function prints who won the game */
void play_game()
{

int chips_removed;
int turn;

printf('Initial Situation:\n");
display piles(Q);

if(pilel==pile2) { /* user start playing */
printf('User starts playing.\n");

turn= 0O;
}
else {
printfF("'Computer starts playing-\n');
turn= 1; /* computer start playing */
}
while (1) {
if (turn) {
chips_removed = select_computer_move();
printf("'The computer has removed %d \n",chips_removed);
it (all_done()) {
printf("**** The computer has won! ***\n'");
break;
}
else {
get_human_move();
if (alkdone()) {
printf('*** Congratulations - you have won! ***\n');
break;
¥
+

/* display the new situation */
display piles();

/* 1t"s now the other player®"s turn */
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turn = turn;

}

/* This function gets the initial state from the user */

void initialize piles()

printf("'Please enter number of matches in pile 1:');

scanf("'%d",&pilel);

printf("’'Please enter number of matches in pile 2:');

scanf("'%d™",&pile2);

/* This function displays the number of chips in each of the piles. */

void display_piles(Q

L
int i;
printf('%d :
for (i=0 ; i<pilel*2 ; i++)
printf('-");
printf(''\n"");
for (i=0 ; i<pilel ; i++)
printf(*| *);
printf('’'\n");
for (1=0 ; i<pilel*2 ; i++)
printf(’'-");
printf(’'\n");
for (i=0 ; i<pile2 ; i++)
printf(*| );
printf(''\n"");
for (i=0 ; i<pile2*2 ; i++)
printf('-");
printf(’'\n"");
}

%d \n",pilel,pile2);

/* returns "true”" if there are no more chips left in the piles */

int all_done()
{

it ((pilel > 0) || (pile2 > 0)) {
/* there®s something in pile

return O;

>

n

, SO we"re not done */

return 1; /* there are no chips in any of the piles, so we"re done */
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/* obtains a valid human move by repeatedly asking for a move until valid
input is supplied. assumes that there is at least one legal move. */

int get _human_move()

{
int pile, chips;
while (1) {
printf("'Please enter pile number and chips to remove: ');
scanf("'%d%d" ,&pile,&chips);
iT ( ((pile == 1) && (chips <= pilel)) || ((pile == 2) && (chips <= pile2)) )
{
break; /* we have a valid move */
}
printf('**** Invalid pile number or number of chips. ****\n");
}
if(pile == 1)
pilel -= chips;
if(pile == 2)
pile2 -= chips;
return chips;
}

/* given the current suituation, selects a computer move.
it is assumed that there is at least one possible move. */

int select_computer_move()

{
int extrabits = 0;
int mypile, mysticks;

extrabits
extrabits

extrabits N pilel;
extrabits N pile2

if (extrabits == 0) {

it (pilel) {
mypile = 1;
mysticks = 1;

it (pile2) {
mypile = 2;
mysticks = 1;

}
} else {
if ((pilel » extrabits) < pilel) {

mypile = 1;
mysticks = pilel - (pilel ™ extrabits);

}
iT ((pile2 A extrabits) < pile2) {
mypille = 2;
mysticks = pile2 - (pile2 ™ extrabits);
}
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if(nypile ==1)

pilel -= mysticks;
if(nypile ==2)

pile2 -= mysticks;
return mysticks;

3
int main(Q)
int play=1;
while(play) {
initialize piles();
play_game Q);
printf("'Do you want to play again? (1/0)");
scanf('%d",&play);
3
return O;
3
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#include <stdio.h>
#include <stdlib.h>

#define N 20
#define M 20

void sanity_check_picture(int p[N][MD:
void read_picture(int p[N][MD);

void print_picture(int p[N]J[MD);

int check_image(int p[N]1[MD);

void sanity_check picture(int p[N][M]) {
int i,j;
Ffor(i=0;i<N;++i) {
for=0;j<M;++j) {
if (1(O==p[i]103] Il 1==p[i10D) {
printf(’'Sanity check detected an unexpected value ™
"in row %d and column %d: %c\n", i,jJ,pLi101):
exit(EXIT_FAILURE);

void read picture(int p[N]JIMD {
int i=0,j=0,c;
while( EOF!=(c=getchar())) {
switch(c) {

case
case "\t":
break; /* ignore spaces and tabs */
case "\n":
++1i;
3=0;
break; /* newline character means a line is over */
case "0":
case "1":
p[il[j++]=c-"0"; /* convert "1 or "0" to 1 or O */
break;
default:
printf(""Invalid input in row %d and column %d: %c\n",
1,J,C);
exit(EXIT_FAILURE);
}
sanity check_picture(p); /* make sure all cells are filled correctly */
}
void print_picture(int p[NJIMD {
int i,j;
Tfor(i=0r<Ns++i){
for(=0s53<M;++j) {
printf(C"%d ", pL[il0OD;
¥
putchar(*\n”");
}
}
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int check_image(int p[N]1[MD)

{
int i=0,j=0;
int tmp_i=-1, tmp_j=-1, last i=-1, last_j=-1;
int flag=0;

for(i=0 ; i<N ; i++) {
forg=0 ; j<M ; j++) {
iIf(pLilb1==1D) {

tmp_i=i;
tmp_j=j;
break;
}
}
iIf(pLil0i1==1)
break;
3
do{

if(p[tmp_i-1][tmp_j] && (tmp_i-1 = last i || tmp_j != last j)) {
/* direction: up */
last_i=tmp_i;
last_j=tmp_j;
tmp_i=tmp_i-1;
}

else 1f(p[tmp_i+1][tmp_j] && (tmp_i+1 = last i || tmp_j !'= last j))
{ 7/* direction: down */
last_i=tmp_i;
last_j=tmp_j;
tmp_i=tmp_i+1;
}

else if(p[tmp_i][tmp_j-1] && (tmp_i != last i || tmp_j-1 !'= last j))
{ 7/* direction: left */
last_i=tmp_i;
last_j=tmp_j;
tmp_j=tmp_j-1;
}
else if(p[tmp_i][tmp_j+1] && (tmp_i !'= last i || tmp_j+1 !'= last j))
{ 7/* direction: right */
last _i=tmp_i;
last_j=tmp_j;
tmp_j=tmp_j+1;
}

elise iIf(p[tmp_i-1][tmp_j-1] && (tmp_i-1 '= last_i || tmp_j-1 !I=
last_j)) { /* direction: up left */
last_i=tmp_i;
last _j=tmp_j;
tmp_i=tmp_i-1;
tmp. j=tmp_j-1;

¥
else if(p[tmp_i-1][tmp_j+1] && (tmp_i-1 != last i1 || tmp_j+1 I=

last j)) { /* direction: up right */
last_i=tmp_i;
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last_j=tmp_j;
tmp_i=tmp_i-1;
tmp_j=tmp_j+1;

else if(p[tmp_i+1][tmp_j-1] && (tmp_i+1l '= last_i || tmp_j-1 I=

last_j)) { /* direction: down left */
last_i=tmp_i;
last_j=tmp_j;
tmp_i=tmp_i+1;
tmp_j=tmp_j-1;

else if(p[tmp_i+1][tmp_j+1] && (tmp_i+1l '= last_i || tmp_j+1 I=

last _j)) { /* direction: down right */
last_i=tmp_i;
last_j=tmp_j;
tmp_i=tmp_i+1;
tmp_j=tmp_j+1;
}

else
return 1;

Wwhile(Ctmp_i =@ || tmp_j '= j);

return O;
}
int main()
{
int i,j;
int p[N][M];
read_picture(p);
printf("'The image is: %d",check_image(p));
return O;
}
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/* doubly linked list.c */
#include <stdio.h>
#include <stdlib.h>

typedef struct cell *CellPtr;
typedef struct cell {

int contents;

CellPtr next;

CellPtr prev;
} Cell;

void print_list(CellPtr list);
void print_rev(CellPtr list);
CellPtr insert_first (CellPtr list, int input);
CellPtr remove_first (CellPtr list, int* input);

void print_list(CellPtr list)

CellPtr tmp;
for (tmp=list ; tmp '= NULL ; tmp=tmp->next)
printf(C'%d *',tmp -> contents);
}

void print_rev(CellPtr list)

CellPtr tmp;
for (tmp=list ; tmp '= NULL ; tmp=tmp->prev)
printf("'%d '',tmp -> contents);

CellPtr insert_first (CellPtr list, int input)

{
CellPtr tmp;

if (1(tmp=(CellPtr)malloc(sizeof(struct cell))))
exit(EXIT_FAILURE);

tmp -> contents = input;

if (list == NULL) { /* if the list is empty */
tmp -> next = NULL;
tmp -> prev NULL;
list = tmp;
return list;

}

tmp -> next = list;
list -> prev = tmp;
tmp -> prev = NULL;
list = tmp;

return list;

}
CellPtr remove first (CellPtr list, int* input)
{

CellPtr tmp;

if (list==NULL) /* if the list is empty */
return NULL;

it (list->next == NULL) { /* if the list contains one element */
*input = list=>contents;
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free(list);

return NULL;
}
tmp = list->next;
tmp -> prev = NULL;
*input = list->contents;
free(list);
return tmp;

}

int main()

{

CellPtr 11,12,13,1ist,last;
int value;

11=(CellPtr)malloc(sizeof (struct cell));
12=(CellPtr)malloc(sizeof (struct cell));
13=(CellPtr)malloc(sizeof (struct cell));

11->contents
12->contents
13->contents

6;
1;
_8;

11->next=12;
12->next=13;
13->next=NULL;

13->prev=I12;
12->prev=I11;
11->prev=NULL;

list=11;
last=13;

printf('\n"");
print_list(list);

printf(''\n"");
print_rev(last);

printf(’'\n");
list=insert_first(list,23);

printf(’"\n"");
print_list(list);

printf(’'\n"");
print_rev(last);

list = remove_fTirst(list,&value);
printf(C'\n");

print_list(list);

printf(""\nThe deleted value is %d\n",value);

free(ll);
free(12);
free(l3);
free(list);
free(last);
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/* copy_list.c */
#include <stdio.h>

typedef struct cell *CellPtr;
typedef struct cell {

int contents;

CellPtr next;
} Cell;

CellPtr copy_list (CellPtr list);
void print_list(CellPtr tmp);

CellPtr copy_list (CellPtr list)
{
CellPtr head,tmp,new_cell;
tmp=NULL;

iT(list==NULL) {
printf("'The list is empty.\n');
return NULL;

}

else IT(NULL==(new_cell=(CellIPtr)malloc(sizeof(Cell))))
exit(l);

new_cell -> contents = list -> contents;

tmp=new_cell;

head=new_cell;

list=list->next;

while(list 1= NULL) {

iT(NULL==(new_cell=(CellPtr)malloc(sizeof(Cell))))
exit(l);
new_cell -> contents = list -> contents;
tmp -> next = new_cell;
tmp=tmp->next;
tmp->next=NULL;
list=list->next;
}
tmp->next=NULL;

return head;

void print_list(CellPtr tmp)

{
while(tmp = NULL)

{

printf("'%d ", tmp->contents);
tmp=tmp->next;

}
putchar(*\n*");
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int main()

{

CellPtr I1[4],tmpl,tmp2;
int i;

for(i=0;i<4;i++)
I[i]1=(CellIPtr)malloc(sizeof(Cell));
for(i=0;i<4;i++)
I[i]->contents=i+1;
Ffor(i=0;i<4;i++)
I[i]->next =I[i+1];
1[3]->next=NULL;

tmpl=1[0];

printf('List 1: ');
print_list(tmpl);
tmp2=copy_list(1[0]);
printf('copy List : ');
print_list(tmp2);

return O;
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1

Introduction to Computer Science
Homework assignment 1

Submission deadline: 30/10/2002 at midnight

October 21, 2002

The problem

Write a computer program that reads five numbers and prints the sum of the five numbers.

2

1.
2.

Submission guidelines

Your program should comply to ANSI-C, otherwise your grade will be zero.

Your program should be submitted on-line through the course site before the deadline. Late submis-
sions or no submissions will result in a grade of zero.

. Submit only your source code (the .c file), do not submit any other file.

You should not submit any paper prinout of your source code.

. Think of problems you might have with the input or with your calculations and implement a solution

(e.g. what if the user gives you incompatible input?)

Submission process

. First go to http://cs.haifa.ac.il/courses/csintro/course_registration_form.html and fill out the form in

order to obtain a username and a password. Note that you don’t get your username and password
immediately, so don’t postpone this part to the last minute. Getting your username and passwrd is
something you do only one time, so if you already did it, don’t do it again!

Next you need to have your source code file ready on your local computer.

. Next you need to fill out the upload form at http://cs.haifa.ac.il/courses/csintro/upload_form.html,

which means putting your username and password, specifying the homework number (in this case
the homework number is 1), and finally selecting the file to upload. Then you click on the SUBMIT
button.

. Make sure the operation was successful!
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*

Introduction to Computer Science
Winter 2002-2003
Suggested solution for homework assignment #1

The program should read 5 numbers from the standard input and print
to the standard output the sum of the five numbers.

You may assume legal input and you don’t have to worry about overflow
and other problems, and you don’t have to do any error handling.

¥ X K X ¥ X X ¥ ¥ O

*

*/

#include <stdio.h>

int main() {
float num?l,num2,num3,numé4,num5, sum;
scanf ("%f%f%ft%f%f " , &num1 , &num?2 , &num3 , &num4 , &numb) ;
sum = numil+num2+num3+numé+numb ;
printf ("%Ef+%E+%E+%E+%f=%f\n" , num1, num2 , num3, num4, num5, sum) ;
return 0;
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Introduction to Computer Science
Homework assignment 2

Submission deadline: 6/11/2002 at midnight

October 27, 2002

1 Quadtaric equation solver

The problem Write a computer program that receives three real numbers: a, b and ¢, and prints out the
solution of the quadratic equation ax? + bx + ¢ = 0. You should make sure that the input is legal (i.e. make
sure a, b and c are real numbers).

How to calculate a square root in C? You should use the sqr#() function. sqrt(x) will return the square
root of X, unless X is a negative number. In order to use sqr#() you need to include math.h and also link the
math library (this is explained further). Here is a short excerpt from the manual:

NAME
sqrt - square root function
SYNOPSIS

#include <math.h>

double sqgrt (double x);

How to link the math library in gcc? Add the switch -lm to the compilation commandline. Here is an
example:

> gcc —-Wall -ansi -pedantic —-1lm myprog.c -0 mMyprog

Input/Output Your program will go through automatic checking, so it must take input and give out-
put exactly according to the instructions and input/output examples. Assuming we call our executable
quadratic_equation_solver, and that the commandline prompt is marked with >, please consider the ex-
amples in the appendix.
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Submission You should submit your homework at the homework submission form at the following URL:
http://cs.haifa.ac.il/courses/csintro/upload_form.html. Be sure to select properly the assignment number
(you don’t want to submit this as any assignment other than 2, right?!), and to properly select the source-
code files from your disk. Please name your source-code file quadratic_equation_solver.c. Please notice that
all students not submitting their exercise before the deadline will receive O as their grade.

What to check before submision?

1.

2.

Your code should compile with gcc with all the flags we use in class
You binary should run and not crash.
Your input and output should be exactly like the examples on the same input as in the examples.

Don’t add or reduce anything beyond to what you see in the examples.

. Your program should also work properly on other values of a, b and c than seen in the examples.

If the input is invalid, return EXIT_FAILURE, and return EXIT_SUCCESS on any other possibility.
Invalid input is everything that does not conform to the problem definition. Input that does conform
to the problem definition is valid.

Submit the source code and not the executable
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A Input/Output Examples

In the following example, the values are a = 0, b = 0 and ¢ = 0.

> ./quadratic_equation_solver

Please input the coefficients a, b and c¢ for the quadratic equation:
000

Infinite number of solutions: O

>

In the following example, the values are ¢ = 1, b = 8 and ¢ = 15.

> ./quadratic_equation_solver

Please input the coefficients a, b and ¢ for the quadratic equation:
1 8 15

The equation 1.000000X*X+8.000000X+15.000000=0 has two solutions:
-3.000000

-5.000000

>

In the following example, the values are a = 1, b =2 and ¢ = 1.

> ./quadratic_equation_solver

Please input the coefficients a, b and ¢ for the quadratic equation:
121

The equation 1.000000X*X+2.000000X+1.000000=0 has one solution:
-1.000000

>

In the following example, the values are a = 2.55, b = 2.55 and ¢ = 2.55.

> ./quadratic_equation_solver

Please input the coefficients a, b and ¢ for the quadratic equation:

2.55 2.55 2.55

The equation 2.550000X*X+2.550000X+2.550000=0 has no solution (for real X)
>

In the following example, the values are a = 0, b = 0 and ¢ = 1.

> ./quadratic_equation_solver

Please input the coefficients a, b and ¢ for the quadratic equation:
001

No solution

>

In the following example, the values are a = 5 4 44, b = 4.14 — 77 and ¢ = 43.

> ./quadratic_equation_solver

Please input the coefficients a, b and ¢ for the quadratic equation:
5+4i 31471 43

Problems reading coefficients. Input may be invalid

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

int main() {
float a,b,c, delta, solution;

printf(”Please input the coefficients a,
if (3!=scanf ("%f%f%f", &a,&b,&c)) |

printf(”Problems reading coefficients.
exit (EXIT_FAILURE) ;

b and ¢ for the quadratic equation:\n”);

Input may be invalid\n”);

}

if (0==a) {

if (0==b) {
if (0==c) {
printf(”“Infinite number of solutions\n”);
} else {
printf(”No solution\n”);
}
} else {
solution = -c¢/b;

printf(”The solution is %f\n”,solution);
}
} else {

delta=b*b-4*a*c;
printf (”The equation %fX*X+%fX+%f=0 has ”,a,b,c):
if (0>delta) {

printf(”"no solution (for real X)\n”);
} else {

if (O0==delta) {
printf(”“one solution:\n”);

solution = -b/(2*a);
printf ("%f\n”,solution) ;

} else {
printf(”“two solutions:\n”);
solution = (-b+sqgrt(delta))/(2*a);
printf(”%f\n”,solution) ;
solution = (-b-sqgrt(delta))/(2*a);

printf(”%f\n”,solution) ;

}
}

return(EXIT_SUCCESS) ;
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Introduction to Computer Science
Homework assignment 4

Submission deadline: Thursday, 21/11/2002 at 7:30am

November 9, 2002

1 C Comments Remover

The problem Write a computer program that reads a valid ANSI-C program from the standard input and
prints it to the standard output without the comments. A valid ANSI-C program is a program that compiles
with no warnings and without any errors using the -Wall -ansi -pedantic flags with the gcc compiler. You
may assume your program receives a valid ANSI-C program.

2 Things to pay attention to

You should call your program’s source file remove_c_comments.c and you should upload only this file as
your homework submission. Please DON’T upload any other file. Make sure you upload the file with the
correct name.

You may want to read about the common mistakes done in previous homework assignments. This
information is available on the course website in the homework section.

Make sure your code compiles with all the flags we saw in class and produces NO errors and NO
warnings. Any source file which produces any warning or error during compilation will be graded 0.

Make sure your code works well, try it on the given examples, and also on other examples, and submit
only after you are sure it works as you expected it to.

Please document your code with short comments explaining not what you are doing, but why you are
doing it.

As usual, late submissions and no submissions will be graded 0. Don’t wait too much before you start
this exercise, make sure you have enough time to get over all the technical problems, make sure you can
submit something. Remember - you can submit your assignment as many times as you like. The LAST
submission before the deadline counts as your official submission.

3 Input/Output Examples

Are available on-the course website in the homework section.
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#include <stdio.h>
#include <stdlib.h>

int main() {

int c;
int previous = EOF;
while ( EOF!=(c=getchar()) ) {
if (c==’"' && previous!='\"’") { /* ignore it within strings */
do
putchar(c);
while ( (c = getchar()) !'= """ && c != EOF );
} else if (c=='/") {
if ( (c=getchar()) == '*’ && c != EOF ) {
for ( ; ) |
while ( (c = getchar()) != "*’ && c != EOF )
; /* eat up text of comment */
if (¢ == "*x" ) {
while ( (c = getchar()) == "*" )
if « = "'/")
break; /* found the end */
}
if ( ¢ == EOF ) {
printf ("EOF in comment\n”);
printf(” /* Don’t remove this! */ ”);
break;
}
}
} else {
putchar(’/");
}
}
if (c!=EOF && c!="/") {
putchar(c); /* this is a comment * / inline comment / * **x*¥*x*x%x/
}
previous = c;
}
return O;
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Introduction to Computer Science
Homework assignment 5

Submission deadline: Thursday, 28/11/2002 at 7:30am

November 18, 2002

1 Grades Statistics

The problem Read an unknown number of grades from the standard input (but no more than N grades,
where N is some fixed number) and print out statistical information about the grades. The statistical infor-
mation is, the average, the lowest grade, the highest grade, and a histogram.

The average of K grades is the result of the following calculation:

K-1
1
average(gradeg, grades, ..., gradeg 1) = 74 Z grade;
i=0

The lowest grade of K grades is the result of the following calculation:

lowest(gradeq, grades, ..., gradeg 1) = min(gradeg, grades, ..., gradeg 1)
The highest grade of K grades is the result of the following calculation:

highest(gradey, grades, ..., gradex 1) = maz(gradeg, grades, ..., gradeg 1)

The histogram is a bar graph where there is one bar for every 10 numbers starting from 0 and up to 100.
The partition of the range of the integer numbers from O to 100 should be like this: 0-9, 10-19, 20-29, 30-39,
40-49, 50-59, 60-69, 70-79, 80-89, 90-99, 100-100. Notice that the last bar contains a range of 1 number
while all the rest contain a range of 10 numbers.

A histogram bar contains **’ markers or no markers. If there are no grades in some range than there
should be no markers for that range’s bar. If there are 9 grades in some range then there should be 9 markers
in that range’s bar. See published I/O examples for the exact expected formatting.

2 Things to pay attention to

N should be-a constant set to 100. Make sure you define N as a constant one time and in one place in the
program, as seen in.the recitations. Do not use the value 100 explicitly at all when 100 refers to N. You may
want to consider defining other constants too.
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You should call your program’s source file make _statistics.c and you should upload only this file as your
homework submission. Please DON’T upload any other file. Make sure you upload the file with the correct
name.

Your program should read grades until it either reads N grades or encounters an invalid grade. An invalid
grade is anything that cannot be read by scanf() as an int and any number not in [0 — 100].

In case the first thing your program reads is an invalid grade, it should print Invalid input and halt
returning EXIT_FAILURE.

In case your program receives N or less grades, it should print out the average, then the lowest grade,
then the highest grade and finally the histogram and return EXIT_SUCCESS. The average should be printed
with exactly two significant digits after the decimal point.

Grades are expected to be integral number in the range [0 — 100]. The average should be calculated with
double precision. You may assume integral grades.

3 General things to notice

You may want to read about the common mistakes done in previous homework assignments. This informa-
tion is available on the course website in the homework section.

Make sure your code compiles with all the flags we saw in class and produces NO errors and NO
warnings. Any source file which produces any warning or error during compilation will be graded 0.

Make sure your code works well, try it on the given examples, and also on other examples, and submit
only after you are sure it works as you expected it to.

Please document your code with short comments explaining not what you are doing, but why you are
doing it.

As usual, late submissions and no submissions will be graded 0. Don’t wait too much before you start
this exercise, make sure you have enough time to get over all the technical problems, make sure you can
submit something. Remember - you can submit your assignment as many times as you like. The LAST
submission counts as your official submission. Make sure your last submission is before expiration of the
submission deadline.

4 Input/Output Examples

Are available on the course website in the homework section.
Use diff on study.haifa.ac.il to make sure your output looks EXACTLY like the published examples, and
also that your output looks like the output the available binary produces.
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/* make_statistics.c

Solution to homework assignment #5

*
*/

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

#define
#define
#define
#define
#define

#define

N 100

LOWEST_POSSIBLE_GRADE 0
HIGHEST_POSSIBLE_GRADE 100
BUCKETS 11

BUCKET_DIFF 10

INVALID_INPUT_MSG “Invalid input”

int main() {

int min=HIGHEST_POSSIBLE_GRADE;
int max=LOWEST_POSSIBLE_GRADE;
double sum=0,average;

int grade[N]; /* contains the read grades */

int bucket[BUCKETS]={0};/* counter for each histogram range */
int 1,73

int num_grades=0; /* counts the number of grades read */

for (i=0; i<N; ++i) {

if ( (1'=scanf(”"%d”, &gradel[i])) II
grade[1]1>HIGHEST_POSSIBLE_GRADE ||
grade[1]<LOWEST_POSSIBLE_GRADE ) {

break; /* no more reading input */

}

if (grade[il<min)
min=grade[i];

if (grade[i]l>max)
max=grade[i];

sum+=grade[i];
bucket[grade[i]/BUCKET_DIFF]++; /* update counter in relevant bucket */
++num_grades;

}

if (num_grades<1) { /* must have read only invalid input */
printf(”"%s\n”, INVALID_INPUT_MSG) ;
exit (EXIT_FAILURE) ;

}

average=sum/num_grades;

/* printing the numeric results */
printf ("%.2f\n%d\n%d\n"” ,average,min,max) ;

/* 'printing the histogram */
for (i=LOWEST_POSSIBLE_GRADE;i<HIGHEST_POSSIBLE_GRADE; i+=BUCKET_DIFF) {
printf ("%3d-%3d:”,1i,i+BUCKET_DIFF-1);
for (§=0; j<bucket[i/BUCKET_DIFF];++7)
putchar(’"*");
putchar(’\n");

}

/* attending  the special case of 100-100 */
printf ("%3d-%3d: " ,HIGHEST_POSSIBLE_GRADE,HIGHEST_POSSIBLE_GRADE) ;
for(j=0;j<bucket [BUCKETS-11;++3)
putchar( *");
putchar(An’);
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return EXIT_SUCCESS;
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Introduction to Computer Science
Homework assignment 6

Submission deadline: Thursday, 5/12/2002 at 7:30am

November 25, 2002

1 The Goldbach conjecture

The problem A famous conjecture, called the Goldbach conjecture, says that every even integer n greater
than 2 has the property that it is the sum of two prime numbers. Computers have been used extensively
to test this conjecture. No counterexample has ever been found. Write a program that will prove that the
conjecture is true for all the even integers between the two read even integers start and finish. Of course,
due to the definition of the conjecture, the start cannot be less than 4.

You get a program called check_goldbach.c, which solves this exercise, assuming the implementation
(goldbach.c) of the interface defined in goldbach.h is available.

In other words, you get the main file check_goldbach.c, you get the interface file goldbach.h, and you
also get a Makefile (to help you with the compilation); and you need to implement the interface using a file
called goldbach.h.

As usual, input and output files are available on the course website.

2 Primality testing

Definition: A prime number is an integer number greater than 1, whose only two integral factors are 1 and
itself.

The first few prime numbers are 2, 3, 5,7, 11, 13, 17, 19, 23, and 29.

Think how you implement the primality test is_prime. Think about the definition of a prime number,
and how you can use it to make sure a number is a prime using the definition. Then, try to look for a better
solution, a solution which is more efficient.

3 Things to pay attention to

You should not change the filenames of any of the files given to you. You should implement the interface in
a file called goldbach.c, and you should upload only this file as your homework submission. Please DON’T
upload-any-other file. Make sure you upload the file with the correct name. The other files given to you are
for your use only, and I don’t want you to upload any of them to me.
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Notice the order of printing, and which number is added to which. To make this easier, use this imple-
mentation

void print_sum_of_two_primes(int n, int i) {
printf ("$d=%d+%d\n",n, i,n-1);

}

so now, you have some of the homework solved for you...

4 General things to notice

You may want to read about the common mistakes done in previous homework assignments. This informa-
tion is available on the course website in the homework section.

Make sure your code compiles with all the flags we saw in class and produces NO errors and NO
warnings. Any source file that produces some error during compilation will be graded 0, and source file
producing warnings will be penalized according to the number of warnings seen.

Make sure your code works well, try it on the given examples, and also on other examples, and submit
only after you are sure it works as you expected it to.

Please document your code with short comments explaining not what you are doing, but why you are
doing it.

As usual, late submissions and no submissions will be graded 0. Don’t wait too much before you start
this exercise, make sure you have enough time to get over all the technical problems, make sure you can
submit something. Remember - you can submit your assignment as many times as you like. The LAST
submission counts as your official submission. Make sure your last submission is before expiration of the
submission deadline.

5 Input/Output Examples
Are available on the course website in the homework section.

Use diff on study.haifa.ac.il to make sure your output looks EXACTLY like the published examples, and
also that your output looks like the output the available binary produces.
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#ifndef __GOLDBACH_H__
#define __ GOLDBACH_H__

#define FALSE 0

#define TRUE 1

#define INPUT_STRING “Please input two even integers:”

#define COUNTER_EXAMPLE_STRING “is a counter example to Goldbach’s conjecture.”

#define INVALID_INPUT_STRING “Invalid input: START and FINISH should be positive even integers and START should be less than FINISH.”

/*
* return TRUE if the argument n is a prime number and FALSE otherwise
*/

int is_prime(int n);

/*
*¥ return TRUE if the argument n is a sum of two prime numbers and FALSE otherwise
* (remember that if n is the sum of two primes i and n-i, than returning i is
* like returning a true value (as i cannot be 0)).
*/

int is_sum_of_two_primes(int n);

/*
* This function is explained in the exercise
*/

void print_sum_of_two_primes(int n, int 1i);

/*
* print the argument n and the COUNTER_EXAMPLE_STRING string and exit with EXIT_SUCCESS
*/

void found_counter_example(int n);

void check_conjecture(int from, int to):

#endif
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#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include “goldbach.h”

int is_prime(int n) {
int 1i;
double sqgn;
for (i=2,sgn=sqrt(n); i<=sqn; ++i) {
if (n%i==0)
return FALSE;
}
return TRUE;

}

int is_sum_of_two_primes(int n) {
int i;
for(i=2; i<n; ++i) {
if (is_prime(i) && is_prime(n-i))
return i; /* any i!=0 is true and i is not 0 */
}

return FALSE;

}

void print_sum_of_two_primes(int n, int i) {
printf ("%d=%d+%d\n”,n,i,n-1);
}

void found_counter_example(int n) {
printf ("%d %s\n”,n,COUNTER_EXAMPLE_STRING) ;
exit (EXIT_SUCCESS) ;

}

void check_conjecture(int from, int to) {

int n;
for (n=from; n<to; n+=2) {
int 1i;
if ((i=is_sum_of_two_primes(n))) {
print_sum_of_two_primes(n,i);
} else {

found_counter_example(n) ;

}
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Introduction to Computer Science
Homework assignment 7

Submission deadline: Thursday, 12/12/2002 at 7:30am

December 1, 2002

1 The Conway game of life

The Game of Life was invented by John Horton Conway. The game is played on a field of cells, each of
which has eight neighbors (adjacent cells). A cell is either occupied (by an organism) or not. The rules for
deriving a generation from the previous one are these:

The Rules

e Death: If an occupied cell has less than two neighbours (death due to loneliness) or more than three
neighbours (death due to overpopulation).

e Survival: If an occupied cell has two or three neighbors, the organism survives to the next generation.
e Birth: If an unoccupied cell has three occupied neighbors, it becomes occupied.

The game is played on a grid of LIFE_GRID rows and LIFE_GRID columns. The game reads a grid with
some organisms on it, this is the 0 generation. Then the rules are being applied iteratively on the current
generation’s grid and a new generation forms (it might grow or shrink).

As usual, input and output files are available on the course website.

2 The problem

Write a program that reads from the standard input a grid of size LIFE_GRIDXLIFE_GRID characters
(LIFE_GRID will be set to 10, meaning, the grids are of size 10x10 cells), where each grid cell is either
occupied (the character signifying an occupied cell is a star: **’) or empty (the character signifying an empty
cell is a dot: *.”), and employs the game of life on it. The game should run for N generations (N should be
set to 20), so that including the O generation, there are N+1 generations in total. In every generation your
program should print the status of the current grid, and calculate the next generation’s grid.

You should implement the Conway Game of Life using the Top Down method. You will be given the
following files:

e The main program file, conway_game_of_life.c.
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e A header file, conway.h, which defines constants and function prototypes of functions used in the
main program.

o A makefile, Makefile, which defines the dependencies among the files, compilation and linking order.

You should implement the interface described in the header file. The implementation of the functions
described in the header file should be in a file called conway.c.

3 Assumtions

Input should be LIFE_GRID lines (a line terminates with the newline (°
n’) character), each line containing exactly LIFE_GRID characters (not counting the newline). The only two
allowed characters in a line are the OCCUPIED character (’*’) and the EMPTY character (.’).

The output should be printed to the standard output. Each iteratoin should produce a line stating the
number of the generation (starting from the 0 generation), follwed by the grid of that generation. See the
published I/O examples for more information.

You might want to define a grid of size (LIFE_GRID+2)x(LIFE_GRID+2), initialize it with an initializa-
tion character (e.g. INITIALIZED (the *+’ character)), to avoid the trouble in handling the special cases of
cells which are on the borders of the original grid. The program should run for N (set to 20) iterations (21
iterations counting the 0 generation too).

The header file conway.h contains three functions that you should implement. You should implement
these functions in a file called conway.c. You might need to implement more functions. Write these too in
conway.c.

4 General things to notice

You may want to read about the common mistakes done in previous homework assignments. This informa-
tion is available on the course website in the homework section.

Make sure your code compiles with all the flags we saw in class and produces NO errors and NO
warnings. Any source file that produces some error during compilation will be graded 0, and source file
producing warnings will be penalized according to the number of warnings seen.

Make sure your code works well, try it on the given examples, and also on other examples, and submit
only after you are sure it works as you expected it to.

Please document your code with short comments explaining not what you are doing, but why you are
doing it.

As usual, late submissions and no submissions will be graded 0. Don’t wait too much before you start
this exercise, make sure you have enough time to get over all the technical problems, make sure you can
submit something. Remember - you can submit your assignment as many times as you like. The LAST
submission counts as your official submission. Make sure your last submission is before expiration of the
submission deadline.

5 Input/Output Examples

Are available on the course website in the homework section.
Use diff on'study.haifa.ac.il to make sure your output looks EXACTLY like the published examples, and
also that your output looks like the output the available binary produces.
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#ifndef _ CONWAY_H__
#define _ CONWAY_H__

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

#define
#define
#define
#define
#define
#define
#define

INVALID_
L /* empty cell */

EMPTY '
OCCUPIED
INITIALT
LIFE_GRI
REAL_GRI
N 20

INPUT “Invalid input.”

Tk /* occupied cell */
ZED '+’ /* initialized cell */
D 10

D_SIZE ((LIFE_GRID)+2)
/* number of generations the program should simulate.

void load_init(char[REAL_GRID_SIZE][REAL_GRID_SIZE])
void print_grid(char[REAL_GRID_SIZE][REAL_GRID_SIZE]):;
void step_generation(char[REAL_GRID_SIZE][REAL_GRID_SIZE]);

#endif
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#include <stdio.h>
#include <stdlib.h>
#include “conway.h”

int neighbors(char A[REAL_GRID_SIZE][REAL_GRID_SIZE],int row,int col) {
int sum=0,1,73;
for(i=row-1;i<=row+1;++1i) {
for(j=col-1;j<=col+1;++7j) {
if ((i!'=row Il j!=col) && OCCUPIED==A[1]1[71) {
++sum;

}
}

return sum;

}

void init_array(char A[REAL_GRID_SIZE][REAL_GRID_SIZE]) {
int i,73;
for (i=0;i<REAL_GRID_SIZE;++1i)
for (j=0;3<REAL_GRID_SIZE;++73)
A[i1i]1[j1=INITIALIZED;

}

void copy_array(char A[REAL_GRID_SIZE][REAL_GRID_SIZE],
char B[REAL_GRID_SIZE][REAL_GRID_SIZE]) {
int 1,73
for (i=1;i<=LIFE_GRID;++1)
for (j=1.3<=LIFE_GRID;++7j)
Bli1[J1=A[11[]1;
}
void sanity_check_array(char A[REAL_GRID_SIZE][REAL_GRID_SIZE]) {
int i,73;
for(i=1;1i<=LIFE_GRID;++1) {
for(j=1;j<=LIFE_GRID;++7j) {
if (INITIALIZED==A[i][F]1) {
printf(”Sanity check detected an unexpected character
“in row %d and column %d: %c\n”, 1i,3,A[11[31):
exit (EXIT_FAILURE) ;

”

}

void load_init(char A[REAL_GRID_SIZE][REAL_GRID_SIZE]) {
int row=1,col=1;
int c;
init_array(A);
while( EOF!=(c=getchar())) {
switch(c) {

o,

case

case ‘\t’:
break;

case ‘"\n’:
++row;
col=1;
break;

case EMPTY:

case OCCUPIED:
Alrow][col++]=cC;
break;

default:
printf(”“Invalid input in row %d and column %d: %c\n”,

row,col,c);
exit (EXIT_FAILURE) ;
}
}

sanity_check_array(A);

void step_generation(char A[REAL_GRID_SIZE][REAL_GRID_SIZE]) {
int 1i,j,num_neilghbours;
char Z[REAL_GRID_SIZE][REAL_GRID_SIZE];

for (i=1;1<=LIFE_GRID;++1i) {

for (j=1;7<=LIFE_GRID;++7j) { 73



num_neighbours=neighbors(A,i,j);
if (OCCUPIED==A[i][j1) f{
/* decide if stays,
* dies from loneliness
* or dies from overpopulation
*/

Z[11[31=((2==num_neighbours) | | (3==num_neighbours))?0CCUPIED: EMPTY ;
} else {

Z[11[71=3==num_neighbours?OCCUPIED:EMPTY ;
}
}
}

copy_array(Z,A);/* Copy the contents of array Z to array A. */

}

void print_grid(char A[REAL_GRID_SIZE][REAL_GRID_SIZE]) {
int 1i,3:

/* Print a row number the actual row */
for (i=1;i<=LIFE_GRID;++i) {

for (j=1;j<=LIFE_GRID;++j) {
printf(“%c “,A[1]1[31):
}

putchar(’\n’);
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John H. Conway (Scientific American, October 1970, p. 120) invented a game called
Life to model the process of birth, survival, and death. The idea is that
organisms require others in order to survive and procreate but that overcrowding
results in death. This program simulates the game Life.

It asks the user for the initial distribution of organisms of the first generation
of the game. After this the game continues for the number of generations defined
by N. The games follows these rules:

A) Birth Rule: An organism is born into any empty cell that has exactly three
living neighbors.

B) Survival Rule: An organism with either two or three neighbors survives from
one generation to the next.

C) Death Rule: An organism with four or more neighbors dies from overcrowding.
An organism with fewer than two neightbors dies from loneliness.

¥ X X X X X X ¥ X X ¥ ¥ X X ¥ ¥ ¥

*
~

#include <stdio.h>
#include <stdlib.h>
#include “conway.h”

int main(void) {
char life[REAL_GRID_SIZE][REAL_GRID_SIZE]; /* Array used for the simulation. */
int 1i;
load_init(life);

/* Loop to cycle through the different generations. */
for (i=0;i<=N;i++) {

printf(”\nGeneration: %i\n”,i); /* print generation number */
print_grid(life); /* print the current generation */
step_generation(life); /* generate the next generation. */

}
return EXIT_SUCCESS;
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1 Approximated String Matching

In a world where many make mistakes, it is nice to have error correcting mechanisms, especially automatic
ones. In this homework we will concentrate on the approximated matching of strings. A known example
is a spell cheking and correcting program, which suggests a word upon detecting some erroneous string of
characters. Another known example is the mechanism in the Google search engine which suggest a correct
term when some erroneous string is input as the search term.

In this home assignments you will implement a program that suggest a word (taken from a dictionary of
words) with the smallest edit distance to a given erroneous word.

There are many details in this assignment which you should think about, such as:

e What is a dictionary of words and how can you input it to your program?

e How does the program receive the erroneous word as input?

e How to determine the proximity between words?

e How to find the closest word from a dictionary to the given erroneous word?

Think about these questions when you read the rest of this document. Pay attention to the details of the
different definitions. The answers to the questions mentioned above are given in the remainder of this
document. Read this text several times, and make sure you understand what you are asked to do. Do no
more but no less than what you’re required to do.

2 General description of Edit Distance

We shall describe one model (there are several additional possible models) to defining the distance between
two strings. Our model deals with converting one string of characters to another string of characters by a
series of edit operations on single characters. The allowed operations are:

e INSERT - insertion of a single character to the first string (e.g. CT — CAT).

e DELETE - deletion of a single character from the first string (e.g. CAAT — CAT)
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e SUBSTITUTE - substitution of a single character from the first string with a signle character from the
other string (e.g. KAT — CAT).

Following are a few examples:

1. Consider the string APPLETS. In order to convert it into the string APPLES we should perform one
delete operation.

2. Consider the string CSINTRO. In order to convert it into the string CASINO we need to perform one
insert operation (insert the character A) and two delete operation (delete T, delete R).

3. Consider the string BOLD. In order to convert it into the string BALD we need to perform one sub-
stitute operation (substitute O with A).

Let A and B be character strings. We define the edit distance between A and B as the minimum number
of operations (of insert, delete and substitute) needed to be performed on the string A in order to transform
it into the string B.

The problem seems difficult, as we need to determine where to delete characters and where to add
characters. So, what is the information needed to make the correct decision? For example, what will happen
with the last character of the string A? Either a similar character in the same position exists in the string B
(and so, there is nothing to do), or we should replace it with another character. Another possibility instead
of replacing the character is to delete it and then insert the other character instead. Since we are interested
in the minimum number of operations, we will always favour one substitution over the two operations of
delete-insert (one delete and one insert).

3 Formal description of Edit Distance

Let A and B be character strings. We define the length of a string A with the number of characters in the
string A and we denote this by | A|.

We define the distance between two strings A and B in inductively: if A and B are both the empty string,
then edit_distance(A, B) = 0
else if B is the empty string, then for any string A edit_distance(A,””) = |A|
else if A is the empty string, then for any string B edit_distance(””, B) = | B|
else (so neither A nor B is empty) let the longest prefix of A which does not include the last character of A
be pref(A) and let the last character of A be last(A). Similarly, pref(B) and last(B). We define p as:

_J 0 iflast(A) = last(B),
"] 1 otherwise.

So, the edit_distance(A, B) is actually:

edit_distance(pref(A),pref(B)) + p,
edit_distance(A, B) = minimum { edit_distance(A,pref(B)) + 1,
edit_distance(pref(A), B) + 1)

We say that D;; is the edit distance between the ¢ first characters of A and the j first characters of B. In
order to.calcunlate edit_distance(A,B) we need to compute all the values of the matrix D for any 0 < ¢ < |A|
and any 0 < j <'|B|. Therefore, edit_distance(A,B) is the element in the | A|th row and the | B|th column,
I=€: DHHB\
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We need to initialize Dy; = ¢ because we want to compare the entire A string to the entire B string, so
we will have to dekete the first i characters of A (if we wanted to see whether B is a substring of A we could
have demanded a different initial condition: Dgy; = 0). D;p = ¢ because we can’t afford deletion of the first
i characters with no price.

The algorithm

edit_distance (A, B)
for i=0 to length of A do DJ[i,0]
for i=0 to length of B do D[0,i]
for i=1 to length of A do
for j=1 to length of B do
D[i,j]=minimum(D[i-1, j-1]+p,D[i-1,3j]+1,D[i, J-1]1+1)

i
i

4 Things to notice in the implementation

Notice that we need to manage a table (a matrix) of such D;; values (think how many rows and how many
colunms such a matrix should have). Such a table can be implemented using two-dimensional arrays. The
full size of the table is not required. Two lines of the table are enough: the current line and the previous line.

The table should be dynamically allocated using the lengths of the strings A and B. Since this is the
case, you don’t need to know the lengths of A and B at all, because you can calculate it once you read the
strings from the input. The length of a string can be obtained using the function strlen() from string.h. Here
is a short description of strlen():

NAME
strlen - calculate the length of a string

SYNOPSIS
#include <string.h>

size_t strlen(const char *s);

DESCRIPTION
The strlen() function calculates the length of the string s,
not including the terminating ‘\0’ character.

RETURN VALUE
The strlen() function returns the number of characters in s.

When you implement the algorithm make sure you use short and clear functions. You will be required
to implement several functions described in a header file edit_distance.h.

5 Usage, return values, input/output examples and what to submit

The input to your program comes from the commandline. The input consists of a list of words where the first
word is the erroneous word, and the additional words make up the dictionary. The output of your program
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should be one word from the dictionary which has the smallest edit distance to the erroneous word. The
output should be printed to the standard output.
The usage of the program looks like this:

[o)

% edit_distance word dict _wordl dict _word2 ... dict_wordN

Where edit_distance is the name of the executable file, word is the erroneous word and dict_word] ...
dict_-wordN are N words of the dictionary. Notice that there is no limit on N, so you should expect any non
negative integral number of dictionary words. Notice that N is not a constant either!

Here is an example of a possible run:

[o)

% ./edit_distance applet lake banana rice mouse bottle apple ape
And here is the expected output:
apple

Here is an example of a possible run:

[o)

% ./edit_distance applet
And here is the expected output:
Need at least two words

You need to implement your solution in a file called edit_distance.c which includes edit_distance.h (to
make sure you follow the prototypes). Submit only edit_distance.c.

6 General things to notice

You may want to read about the common mistakes done in previous homework assignments. This informa-
tion is available on the course website in the homework section. You might find a lot of useful ideas and
examples in the recitations preceding this homework assignment.

Make sure your code compiles with all the flags we saw in class and produces NO errors and NO
warnings. Any source file that produces some error during compilation will be graded 0, and source file
producing warnings will be penalized according to the number of warnings seen. Make sure your code
works well, try it on the given examples, and also on other examples, and submit only after you are sure it
works as you expected it to.

Please document your code with short comments explaining not what you are doing, but why you are
doing it.

As usual, late submissions and no submissions will be graded 0. Don’t wait too much before you start
this exercise, make sure you have enough time to get over all the technical problems, make sure you can
submit something. Remember - you can submit your assignment as many times as you like. The LAST
submission counts as your official submission. Make sure your last submission is before expiration of the
submission deadline.
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#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <limits.h>

int minimum( int a, int b, int c ) {
int min;
min=(a<b)?a:b;
min=(min<c)?min:c;
return min;

}

void memory_allocation_error(void) {
printf(”“Memory allocation error. Aborting!\n”);
exit(1);

}

int** alloc_table(int **table, int rows, int cols) {
int i;
if (!(table = (int**)malloc(sizeof(int*)*rows)))
memory_allocation_error();

for (i=0; i<rows; ++i) {
if(!(table[i]l=(int*)malloc(sizeof(int)*cols)))
memory_allocation_error();
}

return table;

}

void free_table(int **table, int rows) {
int i;
for (i=0; i<rows; ++i) {
free(table[i]):
}
free(table);

}

int** initialize( int** D, int length1, int length2 ) {

int i,11,12;

11=lengthl1+1;

12=1length2+1;

D = alloc_table(D,11, 12 );

for (i=0; i<11; ++i) {
D[i]1[0]=i;

}

for (i=0; i<12; ++i) {
D[O][i]=1i;

}

return D;

}

int edit_distance(char *wordl, char *word2) {
int i, j, p., ret:
int **D;
int length1, length2;
lengthi=strlen(wordl) ;
length2=strlen(word2) ;
D = initialize(D,length1,length?2);
for (i=1; i<=length1; ++i) {
for (7=1; j<=length2; ++3j) {
p = (wordl1[i-1]!=word2[j-1]):

D[il[jl=minimum( D[1i-11[F-11+p, D[i-11[J1+1,

}
}
ret = DE--1iHN-71;
free_table(D,lengtht);
return rety
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void check_input(int num_params) {
if (num_params<3) {
printf(”“Need at least 2 arguments.\n”);
ex1t (EXIT_FAILURE) ;

}

char* get_closest(char *wordl, char *dict_words[], int dict_size) {
int i,d,closest;
int min=INT_MAX;
for (i=0,closest=0; i<dict_size; ++i) {
d=edit_distance(wordl,dict_words[i]):
if (min>d) {
min=d;
closest=i;
}
}

return dict_words[closest];

}

void print_closest(char *word) {
printf(”"%s\n”,word);

}

int main( int argc, char *argv[] ) {
check_input(argc);
print_closest(get_closest(argv([1],2+4+argv,argc-2));
return EXIT_SUCCESS;
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1 Recursive above-average

Write a function above_average() with the following prototype:
double above_average (int sum, int n)

reads integer numbers from the standard input and then prints in reversed order all the numbers that are
greater than the average of the numbers seen in input.

You should submit the function’s implementation in a filename called above_average.c. This file should
includ the header file above_average.h

You can test your implementation using the test driver fest_above_average.c

The files above_average.h and test_above_average.c are published in the homework section of the course
site. You should only submit above_average.c, completing it. Notice that you are not allowed to use any
other memory and variable other than those already defined in above_average.c.

2 General things to notice

You may want to read about the common mistakes done in previous homework assignments. This informa-
tion is available on the course website in the homework section. You might find a lot of useful ideas and
examples in the recitations preceding this homework assignment.

Make sure your code compiles with all the flags we saw in class and produces NO errors and NO
warnings. Any source file that produces some error during compilation will be graded 0, and source file
producing warnings will be penalized according to the number of warnings seen. Make sure your code
works well, try it on the given examples, and also on other examples, and submit only after you are sure it
works as you expected it to.

Please document your code with short comments explaining not what you are doing, but why you are
doing it.

As usual, late submissions and no submissions will be graded 0. Don’t wait too much before you start
this exercise, make sure you have enough time to get over all the technical problems, make sure you can
submit something. Remember - you can submit your assignment as many times as you like. The LAST
submission counts as your official submission. Make sure your last submission is before expiration of the
submission deadline.
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#include <stdio.h>

#include ”"above_average.h”

double above_average(int sum, int n) {
double average;
int input;

if (scanf("%d”, &input) != 1) {
return sum/(double)n;
} else {
average=above_average (sum+input,
if (average < input) ({
printf ("%d ”, input);
}

return average;
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#include <stdio.h>

#include <stdlib.h>

#include <ctype.h>

#define NUM_LETTERS ((int)26)
typedef enum {NO=0, YES=1} boolean;

typedef struct node {

char letter;

long unsigned int count;

boolean is_word;

boolean has_kids;

struct node* children[NUM_LETTERS];
} node;

typedef struct trie {
node* children[NUM_LETTERS];
node* current;
boolean empty;
int max_word_length;
char* word;
} trie;

void memory_allocation_error(void) {
printf(”“Memory allocation error. Aborting!\n”);
exit(1);

node* new_node(void) {
node* n;
if (!(n=(node*)malloc(sizeof(node))))
memory_allocation_error();
return n;

node* initialize_node(node* n,char letter) {
int i;
n->letter = letter;
n->count = 0;
n->is_word = NO;
n->has_kids = NO;
for (i=0; i<NUM_LETTERS; ++i) {

(n->children)[i] = NULL;

}

return n;

node* create_node(char letter) {
node* created_node;
created_node=new_node () ;
return initialize_node(created_node, letter);

}

void free_node(node* n) {
int 1i;
if (n==NULL) {
return;
}
if (0==(n->has_kids)) {
free(n) ;
} else {
for (i=0; i<NUM_LETTERS; ++i) {
free_node((n->children)[i]);

return;

}

trie*/ new trie(void) {
trie* t; 88



}

if (! (t=(trie*)malloc(sizeof(trie))))
memory_allocation_error();
return t;

trie* initialize_trie(trie* t) {

}

int 1i;

for (i=0; i<NUM_LETTERS; ++i) {
t->children[i]=NULL;

}

t->current=NULL;

t->empty=YES;

t->max_word_length=0;

return t;

trie* create_trie(void) {

}

trie* created_trie;
created_trie=new_trie();
return initialize_trie(created_trie);

void close_word(trie* root) {

boolean

if (root->current == NULL)
return;
root->current->count++;
root->current->is_word = YES;
root->current=NULL;

is_empty(trie* root) {
return root->empty;

int char2index(char c) {

}

,

return c-'a’;

int read_character(trie* root, int c) {

int index;

int word_length=0;

if(!isalpha(c)) {
close_word(root) ;
return word_length;

}

word_length++;

c=tolower(c);

index= char2index(c);

if (root->current==NULL) { /* new word - start from root */
if (root->children[index] == NULL)
root->children[index] = create_node(c);
root->current = root->children[index];
root->empty=NO;
} else {
root->current->has_kids = YES;
if (root->current->children[index] == NULL)
root->current->children[index] = create_node(c):

root->current=root->current->children[index];

}

return word_length;

void allocate_word(trie* root) {

free(root->word) ;

if (! (xoot->word=(char*)malloc(1+sizeof(char)*(root->max_word_length)))

memoxry_allocation_error();

trie* read_ftext () {
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int c;

int word_length;

trie* root;

root = create_trie();

while( EOF!=(c=getchar()) ) {
word_length=read_character(root,c);
if (word_length>root->max_word_length)

root->max_word_length=word_length;

}

allocate_word(root);

return root;

}

void print_words_reverse(trie* root) ({
static int p=0;
int i;
node* current;
root->word[p++]=root->current->letter;
if (root->current->has_kids) {
for (i=NUM_LETTERS-1; i>=0; --1i) {
if (root->current->children[i] == NULL)
continue;
current = root->current; /* remember */
root->current = root->current->children[i];
print_words_reverse(root) ;
root->current = current; /* recall */
}
} else {
if (root->current->is_word) {
root->word[pl="\0";
printf(”%s\t%ld\n”, root->word, root->current->count) ;

if (root->current->is_word) {
root->word[p]="\0";
printf("%s\t%ld\n”,root->word, root->current->count) ;

}

void print_trie_reverse(trie* root) {

int 1i;
if (root == NULL)
return;
if (is_empty(root))
return;
for (i=NUM_LETTERS-1; i>=0; --i) {
if (root->children[i] == NULL)
continue;
root->current = root->children[i];

print_words_reverse(root) ;

}

void print-words(trie* root) |{
static int p=0;
int 1i;
node* current;
root->word[p++]=root->current->letter;
if (root->curréent->is_word) {
root->word[p]l="\0";
printf(”"%s\t%ld\n”,root->word, root->current->count) ;
}
if (root->current->has_kids) {
for(i=0; i<NUM_LETTERS; ++i) {
if (root->current->children[i] == NULL)
continue; 90



current = root->current; /* remember */

root->current = root->current->children([i];
print_words(root) ;
root->current = current; /* recall */
}
} else {
--p;
return;
}
--p;

void print_trie(trie* root) {

int i;
if (root == NULL)
return;
if (is_empty(root))
return;
for (i=0; 1i<NUM_LETTERS; ++1i) {
if (root->children[i] == NULL)
continue;
root->current = root->children[i];

print_words(root) ;

}

void free_trie(trie* t) {
int 1i;
if (t == NULL)
return;
for(i=0;i<NUM_LETTERS; ++i) {
free_node(t->children[i]);
}
free(t)
}

void usage(char* program_name,char* message) {
printf(“\n%s\n\n”,message) ;
printf ("USAGE: \n\t%s: %s\n\n”,program_name,message) ;
exit(1);

boolean should_reverse(int argc, char* argv([]) {
if (argc > 2)
usage(argv[0], "Wrong number of arguments.”);

if ( (argc == 2) && (argv[1][0]l=="r’ Il argv[1][0]=="R") )
return YES;

if (argc == 1)
return NO;

usage(argv[0],”Bad command line arguments.”);

return NO; /* will never get here */

}

int main(int argc, char* argv[]) ({
trie* root;
boolean r=NO;

r-=-showld_reverse(argc,argv) ;
root = read;text();
if (r)

print_trie_reverse(root):
else

print_‘trie(root);
free_trie(rooth;
return 0;
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