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* CS50 Library 6
* https://manual .cs50.net/library/

* Based on Eric Roberts' genlib.c and sinpio.c

* Copyright (c) 2013

* denn

Hol I oway <hol | oway @ecs. harvard. edu>

* David J. Mal an <nal an@ar vard. edu>
* All rights reserved

* BSD 3-Cl ause License
* http://ww. opensource. org/licenses/BSD 3-Cl ause

* Redistribution and use in source and binary forns, with or w thout
* nodification, are permtted provided that the following conditions are

* met:

* * Redistributions of source code nust retain the above copyright notice
* this list of conditions and the follow ng disclainer.

* * Redistributions in binary formnust reproduce the above copyri ght

* notice, this list of conditions and the follow ng disclainer in the

* docunentati on and/or other materials provided with the distribution

* * Neither the nanme of CS50 nor the nanes of its contributors nmay be used
* to endorse or pronote products derived fromthis software w thout

* specific prior witten perm ssion

TH' S SOFTWARE | S PROVI DED BY THE COPYRI GHT HOLDERS AND CONTRI BUTORS " AS
I'S" AND ANY EXPRESS OR | MPLI ED WARRANTI ES, | NCLUDI NG, BUT NOT LI M TED
TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY AND FI TNESS FOR A

PARTI CULAR PURPOSE ARE DI SCLAI MED. | N NO EVENT SHALL THE COPYRI GHT
HOLDER OR CONTRI BUTORS BE LI ABLE FOR ANY DI RECT, | NDI RECT, | NCI DENTAL,
SPECI AL, EXEMPLARY, OR CONSEQUENTI AL DAMAGES (| NCLUDI NG, BUT NOT LI M TED
TO PROCUREMENT OF SUBSTI TUTE GOODS OR SERVI CES; LOSS OF USE, DATA, OR
PROFI TS; OR BUSI NESS | NTERRUPTI ON) HOWEVER CAUSED AND ON ANY THEORY OF
LI ABI LI TY, WHETHER | N CONTRACT, STRICT LIABILITY, OR TORT (I NCLUDI NG

* NEGLI GENCE OR OTHERW SE) ARI SING I N ANY WAY QUT OF THE USE OF TH' S
* SOFTWARE, EVEN | F ADVI SED OF THE POSSI Bl LI TY OF SUCH DAMAGE

***************************************************************************/

#i ncl ude
#i ncl ude
#i ncl ude

#i ncl ude

/**

* Reads

<stdi o. h>
<stdlib. h>
<string. h>

"cs50. h"

a line of text fromstandard input and returns the equival ent
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* char;

if text does not represent a char, user is pronpted to retry.

* Leading and trailing whitespace is ignored. |If line can't be read,
* returns CHAR_MAX

*/

char Get Char (void)

{

}

| **

/Il try to get a char from user
while (true)

{

/1 get line of text, returning CHAR MAX on failure
string line = GetString();
it (line == NULL)
{
return CHAR_MAX;

}

/1 return a char if only a char (possibly with
/'l 1eading and/or trailing whitespace) was provided
char cl1, c2;
i f (sscanf(line, " % %", &cl, &c2) == 1)
{
free(line);
return cil;
}
el se
{
free(line);
printf("Retry: ");

* Reads a line of text fromstandard i nput and returns the equival ent
doubl e as precisely as possible; if text does not represent a
doubl e, user is pronpted to retry. Leading and trailing whitespace

*
*
*

*

*/

is ignored. For sinplicity, overflow and underflow are not detected.
line can't be read, returns DBL_MAX

| f

doubl e Get Doubl e(voi d)

{

/Il try to get a double fromuser
while (true)

{

/'l get line of text, returning DBL_MAX on failure
string line = GetString();

if (line == NULL)

{



srcbm ¢s50. ¢

97.

98.

99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
1109.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.

/**

return DBL_MAX;
}

/1 return a double if only a double (possibly with
/'l 1eading and/or trailing whitespace) was provided
doubl e d; char c;

if (sscanf(line, " %f %", &, &c) == 1)
{
free(line);
return d;
}
el se
{
free(line);

printf("Retry: ");

* Reads a line of text fromstandard input and returns the equival ent

* float as precisely as possible; if text does not represent a float,

is pronpted to retry. Leading and trailing whitespace is ignored.
* For sinplicity, overflow and underfl ow are not detected.
* be read, returns FLT_MAX

* user

*/

float GetFloat(void)

{

/1l try to get a float from user
while (true)

{

/1 get line of text, returning FLT_MAX on failure
string line = GetString();
it (line == NULL)
{
return FLT_MAX

}

/1 return a float if only a float (possibly with
/'l 1eading and/or trailing whitespace) was provided
char c; float f;
it (sscanf(line, " % %", &, &) == 1)
{
free(line);
return f;

}

el se

{

| f

line can't
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| **

free(line);
printf("Retry: ");

* Reads a line of text fromstandard input and returns it

* int

in the range of [-2731 + 1, 2731 - 2], if possible;

* does not represent such an int, user is pronpted to retr
* and trailing whitespace is ignored. For sinplicity, ove
* detected. |If line can't be read, returns | NT_MAX

*/
int

{

}

| **

GetInt (void)

/1l try to get an int from user
while (true)

{

/'l get line of text, returning INT_MAX on failure
string line = GetString();
it (line == NULL)
{
return | NT_MAX;

}

/1 return an int if only an int (possibly with
/'l 1eading and/or trailing whitespace) was provided
int n; char c;
it (sscanf(line, " % %", &, &c) == 1)
{
free(line);
return n;
}
el se
{
free(line);
printf("Retry: ");

as an
if text

y. Leading
rflowis not

* Reads a line of text fromstandard input and returns an equival ent

*
*
*

*

*/

long long in the range [-27"63 + 1, 2763 - 2], if possibl
does not represent such a long long, user is pronpted to
Leading and trailing whitespace is ignored. For sinplic
is not detected. |If line can't be read, returns LLONG MAX

e; if text
retry.
ity, overflow
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| ong | ong Get LongLong(voi d)

{

*

*/

/1l try to get a long long from user
while (true)
{
/1 get line of text, returning LLONG MAX on failure
string line = GetString();
if (line == NULL)
{
return LLONG_MAX;

}

/'l return a long long if only a long long (possibly with
/'l 1eading and/or trailing whitespace) was provided
long long n; char c;

if (sscanf(line, " %Ild %", &, &c) == 1)
{
free(line);
return n;
}
el se
{
free(line);

printf("Retry: ");

Reads a line of text fromstandard input and returns it as a
string (char*), sans trailing newine character. (Ergo, if
user inputs only "\n", returns "" not NULL.) Returns NULL
upon error or no input whatsoever (i.e., just ECF). Leading
and trailing whitespace is not ignored. Stores string on heap
(via malloc); menory nust be freed by caller to avoid | eak.

string GetString(void)

{

/'l growabl e buffer for chars
string buffer = NULL;

/'l capacity of buffer
unsi gned int capacity = 0;

/'l nunber of chars actually in buffer
unsigned int n = 0;

/'l character read or EOF
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int c;

// iteratively get chars from standard i nput
I='"\n" && c ! = ECF)

while ((c = fget
{

/'l grow buffer if necessary

c(stdin))

m ne new capacity: start at 32 then double

else If (capacity <= (U NT_MAX / 2))

if (n+ 1 > capacity)
{
/'l deter
if (capacity == 0)
{
capacity = 32;
}
{
capacity *= 2;
}
el se
{
free(buffer);
return NULL;
}

/'l extend buffer's capacity
string temp = reall oc(buffer, capacity * sizeof(char));

IT (tenp
{
free
retu

}
buffer =

}

== NULL)

(buffer);
rn NULL;

t enp;

/'l append current character to buffer

buf fer[ n++]

}

= C;

// return NULL if user provided no input

if (n==0 & c == EOF)
{
return NULL;
}
/1 mnimze buffer
string mnimal = malloc((n + 1)
strncpy(mnimal, buffer, n);

free(buffer);

* sizeof (char));



srcbm ¢s50. ¢

289.
290.
291.
292.
293.
294,

/1 terminate string
mniml[n ="'\0";

/1 return string
return mniml;
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* CS50 Library 6
* https://manual .cs50.net/library/

* Based on Eric Roberts' genlib.c and sinpio.c.

* Copyright (c) 2013,

* @ enn Holl oway <hol | oway@ecs. harvard. edu>
* David J. Mal an <nal an@ar vard. edu>

* Al'l rights reserved.

* BSD 3-Cl ause License
* http://ww. opensource. org/licenses/BSD- 3-Cl ause

* Redistribution and use in source and binary forns, with or w thout
* nodification, are permtted provided that the followi ng conditions are
* met:

* * Redistributions of source code nust retain the above copyright notice,
* this list of conditions and the follow ng disclainer.

* * Redistributions in binary formnust reproduce the above copyri ght

* notice, this list of conditions and the follow ng disclainer in the

* docunentati on and/or other materials provided with the distribution.

* * Neither the nanme of CS50 nor the nanes of its contributors nmay be used
* to endorse or pronote products derived fromthis software w thout

* specific prior witten perm ssion.

* TH'S SOFTWARE | S PROVI DED BY THE COPYRI GHT HOLDERS AND CONTRI BUTORS " AS
* I'S" AND ANY EXPRESS OR | MPLI ED WARRANTI ES, | NCLUDI NG BUT NOT LI M TED

* TO THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY AND FI TNESS FOR A

* PARTI CULAR PURPCSE ARE DI SCLAI MED. I N NO EVENT SHALL THE COPYRI GHT

* HOLDER OR CONTRI BUTORS BE LI ABLE FOR ANY DI RECT, | NDI RECT, | NCI DENTAL,

* SPECI AL, EXEMPLARY, OR CONSEQUENTI AL DAMAGES (| NCLUDI NG, BUT NOT LIM TED
* TO, PROCUREMENT OF SUBSTI TUTE GOODS OR SERVI CES; LOSS OF USE, DATA, OR
* PROFITS; OR BUSI NESS | NTERRUPTI ON) HOWEVER CAUSED AND ON ANY THEORY OF
* LIABILITY, WHETHER | N CONTRACT, STRICT LIABILITY, OR TORT (I NCLUDI NG

* NEGLI GENCE OR OTHERW SE) ARI SING I N ANY WAY QUT OF THE USE OF TH' S

* SOFTWARE, EVEN I F ADVI SED OF THE PCSSIBI LI TY OF SUCH DAMAGE.

***************************************************************************/

#i f ndef _CS50_H
#define _CS50_H

#i ncl ude <float.h>

#include <limts. h>
#i ncl ude <stdbool . h>
#i ncl ude <stdlib. h>
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/**

* Qur own data type for string variables.
*/

typedef char* string;

/**

* Reads a line of text fromstandard input and returns the equival ent
user is pronpted to retry.
* Leading and trailing whitespace is ignored. |If line can't be read,

* char; if text does not represent a char,

* returns CHAR MAX
*/
char Get Char (void);

/**

* Reads a line of text fromstandard i nput and returns the equival ent

* doubl e as precisely as possible; if text

does not represent

a

* double, user is pronpted to retry. Leading and trailing whitespace
* is ignored. For sinplicity, overflow and underfl ow are not detected.

* |f line can't be read, returns DBL_MAX
*/
doubl e Get Doubl e(voi d);

/**

* Reads a line of text fromstandard i nput and returns the equival ent

* float as precisely as possible; if text does not

represent a float,

* user is pronpted to retry. Leading and trailing whitespace is ignored.

* For sinplicity, overflow and underflow ar
* be read, returns FLT_MAX
*/

float GetFl oat(void);

/**

e not detected. |If

line can't

* Reads a line of text fromstandard input and returns it as an

*int in the range of [-2731 + 1, 27”31 - 2]

, if possible; if t

* does not represent such an int, user is pronpted to retry.
sinplicity, overflow is not
* detected. If line can't be read, returns | NT_NMAX

* and trailing whitespace is ignored. For

*/
int Getlnt(void);

/**

ext
Leadi ng

* Reads a line of text fromstandard i nput and returns an equival ent
2], if possible; if text
* does not represent such a long long, user is pronpted to retry.

* Leading and trailing whitespace is ignored. For sinplicity,

* long long in the range [-2"63 + 1, 2763 -

* is not detected. If line can't be read,
*/
| ong | ong GetLongLong(void);

returns LLONG MAX.

over fl ow
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*/
str

Reads a line of text fromstandard input and returns it as a
string (char *), sans trailing new ine character. (Ergo, if
user inputs only "\n", returns "" not NULL.) Returns NULL
upon error or no input whatsoever (i.e., just EOF). Leading
and trailing whitespace is not ignored. Stores string on heap
(via malloc); menory nust be freed by caller to avoid |eak.

ing GetString(void);

#endi f
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| **

* list-0.c

*

* David J. Mal an

* mal an@ar vard. edu

*

* Denonstrates a linked list for nunbers

*/

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

#i ncl ude

<cs50. h>
<stdi o. h>
<stdlib. h>

<uni st d. h>

"list-0.h"

/1 linked list
node* first = NULL;

/'l prototypes

voi d del ete(void)
voi d insert(void)
voi d search(void)

voi d traverse(void)

int main(void)

{

int c

do
{

Il print

instructions

printf("\ nVENW n\ n"
"1 - delete\n"
"2 - insert\n"
"3 - search \n"
"4 - traverse\n"
"0 - quit\n\n")

/1 get conmmand
printf("Conmmand: ");
c = GetlInt()

/'l try to execute conmand

switch (c¢)
{
case 1:
case 2
case 3

del ete();
insert();
search()

br eak;
br eak;
br eak;
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}

| *xx

case 4: traverse(); break;

}

}
while (c = 0);

/'l free list before quitting
node* ptr = first;
while (ptr !'= NULL)

{
node* predptr = ptr;
ptr = ptr->next;
free(predptr);

}

* Tries to delete a nunber.

voi d del et e(void)

{

/'l pronpt user for nunber
printf("Nunber to delete: ");
int n= GCetlnt();

/Il get list's first node
node* ptr = first;

/'l try to delete nunber fromlist
node* predptr = NULL;
while (ptr !'= NULL)
{
/'l check for nunber
it (ptr->n == n)
{
/1 delete from head
it (ptr == first)

{ first = ptr->next;
free(ptr);

}

/1 delete frommddle or tail

el se

{

predptr->next = ptr->next;

free(ptr);
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}

| **

* Tries to insert a nunber

*/

}

It
trav

/1 all done

br eak;
}
el se
{
predptr = ptr;
ptr = ptr->next;
}
raverse |ist

erse();

void insert(void)

{

into list.

// try to instantiate node for nunber
node* newptr = malloc(sizeof (node));

ifo(
{

}

I

prin
newp
newp

/Il ¢
ifo(
{

}

newptr == NULL)

return;

nitialize node

tf("Nurmber to insert: ");

tr->n = Getlnt();
tr->next = NULL;

heck for enpty Iist
first == NULL)

first = newptr;

/'l else check if number belongs at list's head
else if (newptr->n < first->n)

{
}
Il e
el se
{

newptr->next = first;
first = newptr;

Ise try to insert nunber

node* predptr = first;

in mddle or tail



srcbmlist-0.c

145. while (true)

146. {

147. // avoid duplicates

148. if (predptr->n == newptr->n)
149. {

150. free(newptr);

151. br eak;

152. }

153.

154. /'l check for insertion at tail
155. else I f (predptr->next == NULL)
156. {

157. predptr->next = newptr;
158. br eak;

159. }

160.

161. /'l check for insertion in mddle
162. else I f (predptr->next->n > newptr->n)
163. {

164. newptr - >next = predptr->next;
165. predptr->next = newptr;
166. br eak;

167. }

168.

169. /1 update pointer

170. predptr = predptr->next;

171. }

172. }

173.

174. /'l traverse |ist

175. traverse();

176. }

177.

178. /[ **

179. * Searches for a nunber in list.

180. ¥/

181. void search(void)

182. {

183. /'l pronpt user for nunber

184. printf("Nunber to search for: ");

185. int n = GetlInt();

186.

187. /Il get list's first node

188. node* ptr = first;

189.

190. /'l search for nunber

191. while (ptr !'= NULL)

192. {
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| **

It (ptr->n == n)

{
printf("\nFound % !\n", n);
sl eep(1);
br eak;

}

ptr = ptr->next;

* Traverses list, printing its nunbers.

*/

voi d traverse(void)

{

/'l traverse |ist
printf("\nLIST IS NOW ");
node* ptr = first;
while (ptr !'= NULL)
{
printf("% ", ptr->n);
ptr = ptr->next;

}

/1 flush standard output since we haven't outputted any new i nes yet
fflush(stdout);

/'l pause before continuing
sleep(1);
printf("\n\n");
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/**

* list-0.h

*

* David J. Mal an

* mal an@ar var d. edu

*

* Defines a node for a linked Iist of
*/

typedef struct node

{

int n;

struct node* next;
}
node;

i ntegers.
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| **

* list-1.c¢c

*

* David J. Mal an

* mal an@ar vard. edu

*

* Denonstrates a linked list for students

*/

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

#i ncl ude

<cs50. h>
<stdi o. h>
<stdlib. h>

<uni st d. h>

"list-1.h"

/1 linked list
node* first = NULL;

/'l prototypes

voi d del ete(void)
voi d insert(void)
voi d search(void)

voi d traverse(void)

int main(void)

{

int c

do
{

Il print

instructions

printf("\ nVENW n\ n"
"1 - delete\n"
"2 - insert\n"
"3 - search\n"
"4 - traverse\n"
"0 - quit\n\n")

/1 get conmmand
printf("Conmmand: ");
c = GetlInt()

/'l try to execute conmand

switch (c¢)
{
case 1:
case 2
case 3

del ete();
insert();
search()

br eak;
br eak;
br eak;
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| *xx

case 4: traverse(); break;

}

}
while (c = 0);

/'l free list before quitting
node* ptr = first;
while (ptr !'= NULL)

{ node* predptr = ptr;
ptr = ptr->next;
i f (predptr->student != NULL)
{ I f (predptr->student->nane ! = NULL)
{ free(predptr->student->nane);
;ff (predptr->student - >house ! = NULL)
{ free(predptr->student->house);
1E ree(predptr->student);
iree(predptr);
}

* Tries to delete a student.

*/

voi d del et e(void)

{

/'l pronpt user for ID
printf("IDto delete: ");
int n= GCetlnt();

/Il get list's first node
node* ptr = first;

/1 try to delete student fromlist
node* predptr = NULL;
while (ptr !'= NULL)
{
/'l check for ID
it (ptr->student->id == n)
{
/1 delete from head
it (ptr == first)
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126.
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128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.

}

/

{
first = ptr->next;
free(ptr->student->nane);
free(ptr->student->house);
free(ptr->student);
free(ptr);

}

/1 delete frommddle or tail

el se

{

predptr->next = ptr->next;
i f (ptr->student->nane != NULL)

{
free(ptr->student->nane);
}
I T (ptr->student->house != NULL)
{
free(ptr->student->house);
}
free(ptr->student);
free(ptr);
}
/1 all done
br eak;
}
el se
{
predptr = ptr;
ptr = ptr->next;
}

}

/] traverse list
traverse();

* %

* Tries to insert a student into |ist.
*/

void insert(void)

{

// try to instantiate node for student
node* newptr = malloc(sizeof (node));

I T (newptr == NULL)

{

return;
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145. }

146.

147. /1 initialize node

148. newpt r - >next = NULL;

149.

150. // try to instantiate student

151. newptr - >student = mal | oc(si zeof (student));
152. I T (newptr->student == NULL)

153. {

154. free(newptr);

155. return;

156. }

157.

158. /1 try to initialize student

159. printf("Student's ID ");

160. newptr->student->id = Getlnt();

161. printf("Student's nanme: ");

162. newpt r - >st udent - >name = Get String();
163. printf("Student's house: ");

164. newpt r - >st udent - >house = Get String();
165. i T (newptr->student->nane == NULL || newptr->student->house == NULL)
166. {

167. I T (newptr->student->nane ! = NULL)
168. {

169. free(newptr- >student - >nane) ;
170. }

171. i T (newptr->student->house != NULL)
172. {

173. free(newptr->student - >house) ;
174. }

175. free(newptr->student);

176. free(newptr);

177. return;

178. }

179.

180. /'l check for enpty list

181. i (first == NULL)

182. {

183. first = newptr;

184. }

185.

186. /'l else check if student belongs at list's head
187. else i f (newptr->student->id < first->student->id)
188. {

189. newptr->next = first;

190. first = newptr;

191. }

192.
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193.
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| **

/Il else try to insert student in mddle or tail

el se

{
node* predptr = first
while (true)
{

/1 avoid duplicat

I T (predptr->student->id == newptr->student->id)

’

es

{
free(newptr->student - >nane) ;
free(newptr->student - >house) ;
free(newptr->student);
free(newptr);
br eak;

}

/1 check for insertion at tail

else i f (predptr-
{

predptr - >next
br eak;

}

>next == NULL)

= newptr;

/'l check for insertion in mddle

else i f (predptr->next->student->id > newptr->student->id)

{
newpt r - >next
predptr - >next
br eak;

}

/] update pointer
predptr = predptr

}

/'l traverse |ist
traverse();

* Searches for student in i

*/

voi d search(void)

{

/'l pronmpt user for ID
printf("ID to search for:

= predptr->next;
= newptr;

->next;

st via student's ID.

")
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241.
242.
243.
244,
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257.
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262.
263.
264.
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266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281.

}

| **

int id = Getlnt();

/'l get list's first node
node* ptr = first;

/'l search for student
while (ptr 1= NULL)

{
I (ptr->student->id == id)
{
printf("\nFound % of % (%)!\n",
ptr->student - >nanme, ptr->student->house, id);
sl eep(1);
br eak;
}
ptr = ptr->next;
}

* Traverses list, printing its nunbers.

*/

voi d traverse(void)

{

/'l traverse |ist
printf("\nLIST IS NOW ");
node* ptr = first;

while (ptr !'= NULL)

{
printf("% of % (%) ",

ptr->student - >nanme, ptr->student->house, ptr->student->id);

ptr = ptr->next;

}

/1 flush standard output since we haven't
fflush(stdout);

/| pause before continuing
sl eep(1);
printf("\n\n");

outputted any new ines yet
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10.

© XN OEWNE

/**
* list-1.h
*
* David J. Mal an

* mal an@ar var d. edu
*

* Defines structures for students and |inked |ists thereof
*/

typedef struct

{
int id;
char* nane;
char* house;

}

st udent;

typedef struct node

{
student* student;
struct node* next;
}
node;
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| **

* menory. c

* David J. Mal an
* mal an@ar vard. edu

* Denopnstrates nenory-related errors.

* problem 1: heap bl ock overrun
* problem 2: nmenory leak -- x not freed

* Adapted from
* http://val grind. org/docs/ manual / qui ck-start. htm #qui ck-start. prepare.

#i ncl ude <stdlib. h>

void f(void)
{
int* x = malloc(10 * sizeof(int));
x[ 10] = O;
}
int main(void)
{
f0);
return O;
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/

* %

* scanf-0.c

*

* David J. Ml an

* mal an@ar vard. edu

* Reads a nunber fromthe user into an int.

* Denonstrates scanf and address-of operator.

*/

#i ncl ude <stdio. h>

{

nt main(void)

int x;

printf("Nunber please: ");
scanf ("% ", &x);
printf("Thanks for the % !\n",

X) ;
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| **

* scanf-1.c

*

*

*

*/

David J. Ml an
mal an@ar var d. edu

Reads a string fromthe user into nmenory it shouldn't.

Denonstrates possible attack!

#i ncl ude <stdi o. h>

{

nt

mai n(voi d)

char* buffer;

printf("String please: ");
scanf ("%", buffer);
printf("Thanks for the %!\n",

buffer);
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/

* %

* scanf-2.c

*

* David J. Ml an

* mal an@ar vard. edu

* Reads a string fromthe user into an array (dangerously).

* Denpnstrates potential buffer overflow

*/

#i ncl ude <stdi o. h>

{

nt main(void)

char buffer[16];
printf("String please: ");
scanf ("%", buffer);
printf("Thanks for the %!\n",

buffer);
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