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NEPIFPA®H EPIrAZIAZ

H 1Tapoloa e@apuoyr] TeAdTn / eEuTTnPETNTA UAOTTOINBNKE OTA TTAQICIO TOU PABAPOTOg
«Aiktua YTtroloyiotwv» Tou M.IM.Z. «Anpogopiokd Zuotiuarta» Tou O.N.A. MpokerTal
yia MIO KATAVERNMEVN EQPAPUOYI TTOU XPNOIMOTIOIEI TIG UTINPEECIEG TWV TTPWTOKOAAWV
TCP ka1 UDP kai katd tnv otroia pia diepyacia master avabértel epyaoieg (tasks) oe
dlepyaoieg slaves. H ulotroinon 1Tng doknong £yive ot TTePIBAANOV  AgiToupyikou
ouoTtApaTtog UNIX pe Tnv yAwooa Tmpoypauuatioyot C kar e Tnv XpAon Twv

Aeimroupyiwyv Twv BSD sockets.
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H Aeiroupyia TG e@apuoyng €XEl WG €ENG:

1. O master ekivd kai avauével €BeAovTéC slaves €xovrag uia (oTaBepr)) AioTa
EPYOQOIWYV TTPOG DIEKTTEPAIWTN.

2. 'Evag €BgAovTn¢ slave &ekiva kal dnAwvel Tn TTapoudia Tou oTov master otéAvovtag
KatdAAnAo pRvupa.

3. O master karaypdoel Tov Tapatmmdvw slave otn Aiota e Toug dilaBéaiyoug (yia Tnv
EKTEAEON e€pyaoiwv) slaves Kal avoiyel £va KavaAl €TTIKOIVWVIOG JECW TOu OTToiou
eAEyxel KaTAAANAa Tov slave (ue Xprion CUYKEKPINEVWY EVTOAWYV / ATTOKPICEWV).

4. O slave «utrakouUel» OTIC eVTOAEG TOu master (ekTeAei 1 avaoTEAAEl Epyacdieg TToU
Tou avaBéTel o master, divel ava@opd TnNG KAT@OTACNAS TOU, TEPUATICEN)

5. O master gvnuepwvel KatdAANAa TIG AioTeg pe Toug d10BEaigoug slaves Kal TIG TTPOg
EKTEAEDT epyaaieg (OTav eKTEAEITAI ETITUXWGS KATTOIO £pyaaia).

6. O master, pye TNV emTuXA €EAVTANGCN TNG AiOTOG Twv TTPOG BIEKTTEPAIWGOT EPYATIWY,
€I00TTOIEI TOUG ouvEPYalOPEVOUG slaves va TEpUATIoOUV TN AsIToupyia Toug.

Foowiide sfsne seiideation
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O1 epyaoieg TTou avaBétel o master oToug slaves agopolv Afwn eyypdgou web. O
slave KkaAei Tnv evioA wget Tou Acitoupyikou cuoTApaTtog UNIX pe mmapduetpo
O1euBuvon url TTou déxeTal atrd Tov master.

H emikoivwvia oto KavaAl slave registration yiverar ye xprion tou mpwTtokdéAAou UDP. O
master akougl 0€ CUYKEKPIYEVO port.
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To pAvupa «TTapoucdiagy» TTou oTéAvel O slave eival éva string (TEAEILVEI PE XAPOKTH PO
aMayng ypapunig) Tng HopPig:

HERE I AM n,
OTTOU n TO port number oTO OTTOI0O aKOUEl O slave (AUTO TTOU XPNCIKOTTOIEITAl VIO TO
KAVAAI EVTOAWV).

To kavdaAl evioAwv cival pia ocuvdeon TCP tnv otroia avoiyel o master (kdvel active
open). KaBe evioArl TTou oTéAvel o master TTpog 1o slave eival string (TEAElvel pe
XapakTpa aAAayrg YPAHHAS) TNG HOPPNG:

evToAn [bpLopa]

To oUvoAo TWV eVTOAWY BiveTal OTOV TTAPAKATW TTiVAKA:

EvroAn master | lNepiypan evioAng ATmokpion slave
(yia Tov slave)

GET url Avdbeon epyaciag Aqung eyypdeou atd Tn | OK 11 LATER
O1euBuvaon url

STOP AvaoToAA epyaaiag OK

EXIT AvaooToAN  egpyaciag  kal  TEPUATIONOG | OK
AgIToupyiag

STATUS Avagopd katdoTaong BUSY | IDLE

O slave, yerd Tnv oAokAfpwon KAaBe gpyaciag Tmou €xel avaAdpel oTEAvel oTov master,
péow Tou KavaAioU registration, éva privupa (string) Tng HOPYNG:

THANK_YOU n (oTnv mEpITTTWON eTTITUXIAC)
n
SORRY N (oTnv TEPITITWON aTTOTUXIAC),
6Tou n TO port number oTO OTOI0O aOKOUel O slave (TTapdPoId PE TO MAVUPO
"HERE_I_AM”).

H Aiota pe Toug €BeAovTéG OTTWG Kal N AioTa pe Ta apxeia (tTa otroia diaBalovral oTNV
apxn €KTEAEONG TOU TTPOYPAUMATOG) UAOTTOIOUVTAl WG OUVAMIKEG AICTEG PE TNV XPAON
OeikTwv(pointers) kai dopwv(structs) NG yAwooag C. H ouykekpipévn TTEPIYPAPr] TNG
OOUNAG TOUug TTEPIAAUPBAVETAI OTO APXEIO ETTIKEPAAIdWY inet.h.

O master, katd Tn AciToupyia Tou eu@avicel TTANPoOPopPieg OXETIKA PE TOUG slaves TTou
eAéyxel, 6TTwg IP d1elBuvon kail port number Tou slave, uvoAik6 apiBud epyaciwv TTou
avéBeoe aTov slave, To dvoua Tou TeAeuTaiou url TTou avéBeae oTov slave K.a.

H AioTta pe 11 TTpog ekTéAeon epyacieg (dnAadr n Aiota pe Ta urls) diveTal wg apxeio
ASCII pe éva url avd ypauun. To évopa Tou apxeiou diveTal wg TTAPAPETPO KaTd Tn
KAjon Tou master.

H kAfjon Tou master yivetal wg €¢AG:

master filename [port],
oTTOoU
e filename :TO OVOHUA TOU QPYXEIOU TTOU TTEPIEXEI TN ANIOTA TWV EPYACIWV
e port : TPOAIPETIKA O GPIBUOG Tou port OTO OTToio avapével ynvuuata o master
(edv dev TTapéxeTal TOTE XpnoldoTTolEiTal N opIfdPEVN aTro TO id10 TO TTPOYPAN A
OTO OPXEIO ETTIKEPAAIDWY).

H kAfon Tou slave yiveral wg €€AG:
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slave slave port [master addr [master portl]],
oTToU

e slave port : o0 apiBuoG Tou port oTo oTToio avauével ouvdeon o slave (yia T0
KavaAl evtoAwv). Av eivar 0, o slave xpnoiyotrolei otrolodntroTe port givai
O1a0éoipo atrd To oUCTNUA.

e master addr : TIpoalpeTikG n IP dielBuvon Tou master (dlaPOPETIKG Ba
opiCetal atrd 10 id10 TO TTPOYPAUHA WG OTABEPN).

e master port :TIPOAIPETIKG O APIBUOG TOU port 0TO OTToi0 avapével ynvuuarta
0 master (edv dev TTapéxeTal TOTE XPENOIYOTIOIEITAI N OPICOUEVN aTTO TO idI0 TO
TTPOYPANPA OTO APXEIO ETTIKEPAAIDWV).

Katd tnv Aciroupyia 16c0 Tou master 600 kal Tou slave, eugavifovral aTig 006veg Twv
UTTOAOYIOTWY OTTOU €KTEAOUVTAI TTANPOQPOPIEG OXETIKA ME TIG OUVOECEIG, TA PNVUPATO
TTou avtaAAdooovTal, o1 eyypaés véwv slaves (6oov agopd Tov master) 4 n Topeia
TWV £pyaaiwy (6oov apopd Tov slave).

EidikoTepa 6oov agopd Tov master o XpAoTng £pxetal o e€maQrn Pe U0 pevou
emAoywv: ‘Eva yevikd kal éva €18IKO yia KAtrolov slave trou éxel emmAéEEl. H dopur| Toug
Madi pe KATToIEC £ENYNOEIC, TTAPATIOETAI TTAPAKATW:

MpwTa TO YEVIKO UEVOU ETTIAOYWV :

* * * *kkkkkkkkkk *% *

*  GENERAL COMMANDS*

*hkkkkhkhkhkhkhkkkkhkhkhkhkhhhkhkkhhhhhhhhkkk

*1. PRINT TASK LIST : EkTUTT]on g AioTag Twv epyaciwv
* 2. PRINT SLAVE LIST : EKTUTTWON TG AioTag Twv slaves

* 3. SELECT SLAVE : ETmAoyn slave yia atrooToAr evioAwv
* 4, QUIT PROGRAM : 'E€odog atrd 1o Tpdypapua

E@oocov o xpriotng emAéCel 10 3, epgavicetal n Aiota 6Awv Twv slaves, amo émou
emMAEyovTaG €vav ammd auTtoug divovtag 1o ID Tou, KaTOTIV gu@avifeTal To pevou
€I0IKWV ETTIAOYWV YIO TOV CUYKEKPIUEVO slave :

*hkkkkkkhkhkhkkkkhkhkhkhkhkhhkkkhkhhkhk

* SLAVE COMMANDS*

*1. GET url : AN eyypagou artrod Tn dieubuvan url
*2.STOP : AvaoToAn epyaaiag

* 3. EXIT : AvooTOAR epyaciag Kal TEpUATIONOG AsIToupyiag
* 4. STATUS : Avagopd katdotaong slave
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To apyxeio Twv emikePAaAidwyv(inet.h)

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

* inet.h *

* Definitions File for master-slave application *
*************************************************/

/* Include all the necessary system header files */
#include <stdio.h>
#include <ctype.h>
#include <stdlib.h>
#include <string.h>
#include <signal.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <sys/file.h>
#include <sys/wait.h>
#include <sys/time.h>
#include <netinet/in.h>
#include <arpa/inet.h>
#include <netdb.h>
#include <unistd.h>
#include <errno.h>
#include <math.h>
#include <memory.h>

/* Make the appropriate definitions for the application */
#define GET 1

#define STOP
#define EXIT
#define STATUS

DSw N

#define HERE I AM
#define THANK YOU
#define SORRY
#define OK
#define LATER

DWW NP O

#define DONE
#define BUSY
#define IDLE
#define MAXLINE 80

#define MAXMESG 512

#define TIMEOUT 3

#define MASTER HOST ADDR "127.0.0.1"
#define MASTER UDP_PORT 6060

o

/* Definition of the struct of each node of the slaves' list */
typedef struct slave node

{

int id; /* Slave's unique ID, used for internal purposes */
u_short port; /* Slave's TCP port.*/

u_long ip_address; /* Slave's ip address in u+long format */

char *address; /* The slave's ip address in dotted representation*/
char *name address; /* The slave's domain name */

int total cmds no; /* Number of commands assigned to the slave.*/

char *last url; /* Last URL assigned to the slave for fetching.*/
int status; /* The status of the slave, 0 for busy, 1 for idle*/

struct slave node *next; /* Pointer to next slave enlisted.*/
}slave;

/* Definition of the struct of each node of the tasks' list */

typedef struct task node

{
int id; /* Task's unique ID, used for internal purposes */
char url [MAXLINE+1]; /* The url of the file to be downloaded */
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int status; /* The status of the task, finished or not*/
struct task node *next; /* Pointer to next task enlisted.*/
}task;

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

* Int error(errormsg) *
* Error function that terminates application *
* Parameters : errormsg - An explanatory string of the fatal error *

*************************************************************************/
int error (errormsg)
char *errormsg;
{
printf ("$s\n",errormsqg) ;
perror (0);
exit (1) ;

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

* iInt set_timeout (int cur_fd, unsigned int seconds)

* Sets a timeout using select () for the socket passed as a parameter *
* Parameters : cur fd - The file descriptor of a socket *
* seconds - The seconds of the timeout *

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

int set timeout (int cur fd, unsigned int seconds)
{

fd set set;

struct timeval timeout;

int res;

/* Initialize the file descriptor set. */
FD ZERO (&set);
FD SET (cur fd, é&set);

/* Initialize the timeout data structure. */
timeout.tv_sec = seconds;
timeout.tv usec = 0;

/* select returns 0 if timeout, 1 if input available, -1 if error. Repeat
select if a signal interrupted*/

while (((res = select (FD SETSIZE, &set, NULL, NULL,&timeout)) == -1) &&
(errno == EINTR)) ;

return res;
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Apxeio master (master.c)

/************************************************************
* master.c *
The program of the master process in our application. *
Responsible for handling the list of slaves and tasks, *
*

*

*

*

* accepting, registering and commanding new slaves,

* and assigning new tasks to slaves
khkhkhkhkhkhkhhkkhhhkhkhhkhhkhkhhkhkrhkhhkhkhrhkhkrhkhhkhkhhkhkrhkhhkhkhkkhkhkhkhkhkkhkhkrkhrhhxkhx

/
#include "inet.h"

/* Global variables for the head and tail of each list */
slave *slave list head, *slave list tail;

task *task list head, *task list tail;

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

* void add_slave(int id, u_long ip_address, char *address, char *
*  *pame_address, u_short port) *
* Adds a new node at the end of the list of the slaves with values *
* of fields passed as parameters *

*******************k**************************************************/

void add slave(int id, u long ip address, char *address, char *name address,
u_short port)
{

slave *temp;

if (slave list head == NULL)
/* The list is empty, insertion of the first node */

{

slave list head (slave *)malloc(sizeof (slave));

slave list head->id = 1id;

slave list head->port = port;

slave list head->ip address = ip address;

slave list head->address = (char *)malloc(strlen (address)+1);
strcpy(slave list head->address, address);

slave list head->name address = (char *)malloc(strlen(name address)+1);
strcpy(slave list head->name address,name_ address) ;

slave list head->total cmds no = 0;

slave list head->last url = (char *)malloc (MAXLINE+1) ;
strcpy(slave list head->last url,"-");

slave list head->next = NULL;

slave list tail slave list head;

}

else

/* The list is not empty, add the node to the end of the list */

{

temp = (slave *)malloc(sizeof (slave));
temp->id = id;

temp->port = port;

temp->ip address = ip address;

temp->address = (char *)malloc(strlen (address)+1);
strcpy (temp->address, address);

temp->name address = (char *)malloc(strlen(name address)+1);
strcpy (temp->name address,name address) ;

temp->total cmds no = 0;

temp->last url

strcpy (temp->last url,"-");
temp->next = NULL;
slave list tail->next temp;
slave list tail temp;

(char *)malloc (MAXLINE+1) ;
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/************************************************************‘k***‘k*

* int remove_slave(int id) *
* Removes a node from the list of slaves *
* Parameters : id - The unique id of the slave to be removed *

*********************************k**********************************/

int remove slave (int id)
{

slave *temp;

slave *prev;

int found = 0;

if (slave list head == NULL)
/* The list does not contain nodes */
{
printf("Slave list empty!\n");
return 0;

}

else
{
prev = NULL;
temp = slave list head;
while ((temp != NULL) && !found)
{
if (temp->id != id)
{
prev = temp;
temp = temp->next;
}
else
found = 1;
}
if (!found)
return 0;
else
{
if (prev == NULL)
/* Removal of the head node */
slave list head = slave list head->next;
else
if (temp->next == NULL)
/* Removal of the tail of the list */
slave list tail = prev;
else

/* Removal of a middle node */
prev->next = temp->next;
return 1;

}

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

* slave *select_slave(int id) *
* Returns a pointer to a particular slave given its id *
* Parameters : id - The unique id of the slave to be selected *

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

slave *select slave(int id)
{

slave *temp;

int found = 0;

temp = slave list head;
while ((temp != NULL) && !found)
{

if (temp->id == id)

{
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found = 1;
break;
}
temp = temp->next;
}
if (!found)
return NULL;
else
return temp;

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

* slave *find_slave(char *address, u_short port) *
* Returns a pointer to a particular slave given its address and TCP port *
* Parameters : address - The dotted ip address of the slave *
* port - The TCP port of the slave *

*************************************************************************/
slave *find slave (char *address, u short port)

{
slave *temp;
int found = 0;

temp = slave list head;
while ((temp != NULL) && !found)
{ if ((strcmp (temp->address, address) == 0) && (temp->port == port))
{ found = 1;
break;

}

temp = temp->next;
}
if (!found)

return NULL;
else

return temp;

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

* void update_slave(int id, char *url)
* Updates the values of url and commands assigned to a slave
* Parameters : id - The unique id of the slave to be updated

* url - The last url assigned to the slave
*******************************************************************/

*
*
*

*

void update slave (int id, char *url)

{

slave *temp;

if ((temp = select slave(id)) == NULL)
printf ("Slave with id %d not found!\n", id);
else

{
temp->last url = url;
temp->total cmds no = temp->total cmds no + 1;

}

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

* void print_slave_list()
* Traverses the whole list of slaves and prints its contents
******************************************************************/

*

*

void print slave list()
{

slave *temp;

if (slave list head == NULL)
{
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printf("Slave list empty!\n");

return;
}
temp = slave list head;
while (temp != NULL)

{
printf ("Slave ID:%d, port:%d, ip address:%s - %$s\n",temp->id, temp-
>port, temp->address, temp->name address) ;
printf("last url:%s, total cmds no:%d\n",temp->last url, temp-
>total cmds no);

temp = temp->next;

}

/************************************************************
* void empty_slave_list() *

* Initializes the list of slaves *
************************************************************/

void empty slave list()
{

slave list head = slave list tail = NULL;
}

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

* void add_task(int id, char url[MAXLINE+1]) *
* Adds a new node at the end of the list of the tasks with values *
* of fields passed as parameters *

*******************************************************************/
void add task(int id, char url [MAXLINE+1])

{
task *temp;

if (task list head == NULL)
/* The list is empty. Insert head node */
{

task list head = (task *)malloc(sizeof (task));
task list head->id = id;
strcpy(task list head->url,url);
task list head->status = !DONE;
task list head->next = NULL;
task list tail = task list head;

}

else

/* Append node to the list */
{

temp = (task *)malloc(sizeof (task));
temp->id = id;

strcpy (temp->url,url);

temp->status = !DONE;
temp->next = NULL;

task list tail->next = temp;

task list tail = temp;

}

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

* task *select_task(int id) *
* Returns a pointer to a particular task given its id *
* Parameters : id - The unique id of the task to be selected *

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

task *select task(int id)
{

task *temp;

int found = 0;
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temp = task list head;

while ((temp != NULL) && !found)
{
if (temp->id == id)
{
found = 1;
break;
}
temp = temp->next;
}
if (!found)
return NULL;
else

return temp;

}

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

* task *find_task(char *url) *
* Returns a pointer to a particular task given its url *
* Parameters : url - The url of the file for download *

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

task *find task(char *url)
{

task *temp;

int found = 0;

temp = task list head;

while ((temp != NULL) && !found)
{
if (strcmp (temp->url, url) == 0)
{
found = 1;
break;
}
temp = temp->next;
}
if (!found)
return NULL;
else

return temp;

}

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

* int all_tasks_done()

* Examines if the list of tasks is exchausted, i.e. all the tasks

* have been succesfully completed. Returns 0 if at least one

* task is not completed, otherwise if all tasks are done returns 1.

*

*

*

*

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

int all tasks done ()

{
task *temp;
int found = 0;

temp = task list head;

while ((temp != NULL) && !found)
{
if (temp->status != DONE)
{
found = 1;
break;

}

temp = temp->next;
}
if (found)

return 0;
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else
return 1;

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

* void update_task(int id, int status) *
* Updates the value of status of a task *
* Parameters : id - The unique id of the task to be updated *
* status - The new value of status *

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

void update task(int id, int status)

{
task *temp;

if ((temp = select task(id)) == NULL)

printf ("Task with id %d not found!\n", id);
else

temp->status = status;

/******************************************************************
* void print_task_list() *
* Traverses the whole list of tasks and prints its contents *
*******************************************************************/
void print task list()
{
task *temp;

if (task list head == NULL)

{
printf ("Task list empty!\n");
return;

temp = task list head;

while (temp != NULL)
{
printf ("Task ID:%d, url:%s",temp->id, temp->url);
if ((temp->status) != DONE)
printf ("status:NOT DONE\n") ;
else
printf ("status:DONE\n") ;
temp = temp->next;

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

* void empty_slave_list() *
* Initializes the list of tasks *
*******************************************************************/
void empty task list()
{
task list head = task list tail = NULL;
}

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

* void slave_commands_menu() *

* Prints the menu of commands for a slave *

*******************************************************************/
void slave commands menu ()

{
printf ("\n") ;

PIrAntE (Mxxxxxxkxkkkxkkkxk\ ')

printf ("* SLAVE COMMANDS*\n"

")
printf("*****************\n") ;
printf("* 1. GET url *\n") ;
printf("* 2. STOP *\n") ;
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printf ("* 3. EXIT *\n")
printf ("* 4. STATUS *\n")
printf("*****************\nn)

}

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

* void general_commands_menu() *

* Prints the menu of general commands for the master process *

*******************************************************************/
void general commands menu ()

{
printf ("\n") ;

printf("*************************\nn)

printf ("* GENERAL COMMANDS *\n") ;

printf("*************************\n") ;

printf("* 1. PRINT TASK LIST *\n") ;

printf("* 2. PRINT SLAVE LIST *\n") ;

printf("* 3. SELECT SLAVE *\n") ;

printf("* 4. QUIT PROGRAM *\n") ;
)

printf("*************************\nn

}

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

* int read_slave_port(char buf[]) *
Extracts and returns the slave's port from the end of message passed *
as parameter. The message has the format e.g. HERE I AM 4004 *
Parameters : buf - A string containing the registration message *
*
*

received from slave from UDP channel
R I I I I I e I b I e b b e b b b I b b b I b b b I b b b b b b b b b b b b b b b b b b b b b b b b b b b b b 4

* % X o

/
int read slave port(char buf[])

{
int i = 0, nCount = 0, a[l0], nRet = 0, j, k, nTemp;

for (i=0; i<10; i++)
afil= "\0';

while (buf[i] !'= '\n'")
{
if (buf[i] > '9' && buf[i] < '0")
{
i++;
continue;

a[nCount] = buf(i] - '0';
nCount++;
i++;

for (j=0 ; j < nCount ; Jj++)
{
nTemp = 1;
for (k=0 ; k < nCount-j-1 ; k++)
nTemp = nTemp * 10;

nRet += a[j] * nTemp;

return nRet;
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/************************************************************

* Int main(int argc, char *argv[]) *
* The main procedure of the master program *
************************************************************/

int main(int argc, char *argv[])

{

char *filename;

u short UDP port, slave tcp port;

FILE *tasks file;

char url [MAXLINE+1], mesg[MAXMESG], recvmesg[MAXMESG+1];
int task id, slave id, sel sl id;

int cli len, recvlength, time expired, nbytes;

int UDP_sockfd, TCP sockfd;

struct sockaddr in UDP serv_addr, UDP_cli addr, TCP_slav_addr;
u long slave ipaddr;

slave *temp slave;

task *temp task;

int menu selection, slave selection, task selection;
struct hostent *hp;

if ((argc < 2) || (argc > 3))
error ("Master Usage: master <tasks filename> [udp_port}\n");

filename = argv[1l];
if (argc > 2)
UDP_port=atoi(argv[2]);
else
UDP_port = MASTER UDP_ PORT;
printf ("Master listens to udp port:%d\n", UDP_port);

if ((tasks_file = fopen(filename,"r"))==NULL)
error ("Master:Error opening file with tasks!\n");

/* Initialize the list of tasks */
empty task list();

task id = 0;
while ( fgets(url, MAXLINE+1l, tasks file) != NULL )
{
printf ("URL:%s",url);
task id = task id + 1;
add task(task id, url);
}
fclose(tasks file);
print task list();
/* Open a UDP socket */

if ((UDP_sockfd = socket (AF INET, SOCK DGRAM, 0))<0)
error ("Master:Can't open datagram socket\n");

printf ("Master:Opened UDP socket with descriptor:%d\n",UDP_ sockfd);

/* Bind local address for UDP socket */

bzero((char *) &UDP_serv addr, sizeof (UDP_serv addr));
UDP_serv_addr.sin family = AF INET;

UDP serv_addr.sin addr.s addr htonl (INADDR ANY) ;
UDP_serv_addr.sin port htons (UDP_port) ;

if (bind(UDP_sockfd, (struct sockaddr *) &UDP_serv_ addr,

sizeof (UDP_serv addr))<0)

error ("Master:Can't bind local address\n");
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printf ("Master:Succesfully bound address for UDP socket\n");
empty slave list();

slave id = 0;

while (!all tasks done())

{
time expired = set timeout (UDP_sockfd, TIMEOUT) ;

if (time expired == -1)

error ("Master:Select error\n");
else

if (time expired == 0)

{

printf ("Master:Time waiting new slave registrations has expired!\n");
printf ("Master:Continuing...\n");

do

{
general commands menu() ;
printf ("Select a number of your choice:")
scanf ("%d", &menu selection);

}while (menu_selection < 1 || menu selection > 4)

’
’

switch (menu selection)

{

case 1:{
if (task list head == NULL)
printf ("Task list empty!\n");
else
print task list();
break;
}
case 2:{
if (slave list head == NULL)
printf ("Slave list empty!\n");
else
print slave list();
break;
}
case 3:{
if (slave list head == NULL) {
printf ("Slave list empty!\n");
break;
} else
print slave list();
do
{
temp slave = NULL ;
printf ("Give slave id:");
scanf ("%d", &sel sl id);
} while ((temp slave = select slave(sel sl id)) == NULL);
do

{
slave commands menu () ;
printf ("Select a number of your choice:")
scanf ("%d", &slave selection);
} while (slave_selection < 1 || slave selection > 4)

’
’

/* Connect to the slave to send him a command. Fill in the
structure TCP_slav_addr with the address of the slave */

bzero((char *) &TCP_slav addr, sizeof (TCP_slav addr));
TCP_slav_addr.sin family = AF INET;

TCP_slav _addr.sin addr.s addr htonl (temp slave->ip address);
TCP slav_addr.sin port = htons (temp_slave->port) ;
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/* Open a TCP socket */
if ((TCP_sockfd = socket (AF INET, SOCK STREAM, 0))<0)
error ("Master:Can't open TCP stream socket\n");

printf ("Master:0Opened TCP socket with descriptor:%d\n",TCP_sockfd);

/* Now connect to the slave */

if (connect (TCP_sockfd, (struct sockaddr*) &TCP_slav_ addr,
sizeof (TCP_slav addr)) < 0)

error ("Master:Can't connect to slave with id:%d", temp slave->id);
printf ("Master:Connected to TCP socket\n");

switch (slave selection)
{
case GET: {
printf ("GET\n") ;
print task list();
do
{
temp task = NULL;
printf ("Select task id:");
scanf ("%d", &task selection);

} while ((temp task = select task(task selection)) ==
NULL) ;

bzero (mesg,sizeof (mesqg)) ;

strcpy (mesg,"GET ");

strcat (mesg, temp task->url);

printf ("Message to be sent to TCP socket: %$s\n",mesq);

update slave (temp slave->id, temp task->url);

break;
}
case STOP:{
printf ("STOP\n") ;
bzero (mesg,sizeof (mesqg)) ;
strcpy (mesg, "STOP\n") ;

printf ("Message to be sent to TCP socket: %$s\n",mesq);
break;

}
case EXIT:{

printf ("EXIT\n") ;

bzero (mesg,sizeof (mesqg));

strcpy (mesg, "EXIT\n");

printf ("Message to be sent to TCP socket: %$s\n",mesqg);

if ( remove slave(temp slave->id) != 1 )

printf ("Slave with id:%d not found in list!\n",
temp slave->id);

break;

}
case STATUS: {

printf ("STATUS\n") ;

bzero (mesg, sizeof (mesqg)) ;

strcpy (mesg, "STATUS\n") ;

printf ("Message to be sent to TCP socket: %$s\n",mesq);

break;

}
}

if ((nbytes = write(TCP sockfd, mesg, (strlen(mesg)))) <0)
error ("Master: write error in stream socket");

M.MN.Z. MAnpogopiakda ZuoTnpara O.M.A. ZeAida 16



‘Aoknon Sockets AikTua YnolAoyioTov

printf ("Message sent over TCP socket: %s of bytes
%d\n",mesg, nbytes) ;

/* Read a line from the socket - the answer of the slave */
bzero (recvmesg, MAXMESG) ;
nbytes = read(TCP_sockfd, recvmesg, MAXMESG-1);

if (nbytes < 0)
error ("Master: read error in stream socket");

printf ("Master:Message received:%s\n", recvmesg);
close (TCP_sockfd) ;

break;
}
case 4:{

if (slave list head != NULL)

{
printf ("Exiting all slaves!!!\n");
temp slave = slave list head ;
while (temp slave != NULL)

{
/* Connect to the slave to send him a command. Fill in the
structure TCP_slav_addr with the address of the slave */

bzero((char *) &TCP_slav_ addr, sizeof(TCP_slav_addr));

TCP_slav _addr.sin family = AF INET;
TCP_slav_addr.sin addr.s_addr= htonl (temp slave->ip address);
TCP_slav _addr.sin port = htons (temp slave->port) ;

/* Open a TCP socket */
if ((TCP_sockfd = socket (AF INET, SOCK STREAM, 0))<0)
error ("Master:Can't open TCP stream socket\n");

printf ("Master:0pened TCP socket with descriptor:
$d\n", TCP_sockfd) ;

/* Now connect to the slave */

if (connect (TCP_sockfd, (struct sockaddr*) &TCP_slav addr,
sizeof (TCP_slav_addr)) < 0)

error ("Master:Can't connect to slave with
id:%d", temp_slave->id);

printf ("Master:Connected to TCP socket\n");
bzero (mesg,sizeof (mesqg));
strcpy (mesg,"EXIT");

if ((nbytes = write(TCP_sockfd, mesg, (strlen(mesg)))) <0)
error ("Master: write error in stream socket");

printf ("Message sent over TCP socket: %s of bytes
%d\n",mesg, nbytes) ;

/* Read a line from the socket - the answer of the slave */

bzero (recvmesg, MAXMESG) ;
nbytes = read(TCP_sockfd, recvmesg, MAXMESG-1);

if (nbytes < 0)
error ("Master: read error in stream socket");
printf ("Master:Message received:%s\n", recvmesqg);
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close (TCP_sockfd) ;

temp slave = temp slave->next;
}
}
else
printf ("Slave list empty!\n");

printf ("Terminating!!!\n");
close (UDP_sockfd) ;

exit (0);
}

}

else

{

/* Receive from the UDP_socket the registration and other messages sent
from slaves */

cli len = sizeof (UDP cli addr);
bzero (mesg, MAXMESG) ;
if ((recvlength = recvfrom(UDP_sockfd, mesg, MAXMESG, 0, (struct
sockaddr *) &UDP _cli addr, &cli len)) < 0)
error ("Master:Receive from UDP socket error\n");

printf ("Master:Message received from UDP socket: %$s\n",mesg);
slave tcp port = (u_short)read slave port (mesg) ;

/* Convert from network to host representation */
slave ipaddr = ntohl (UDP cli addr.sin addr.s addr);

if (!strncmp (mesg, "HERE I AM",9))

{
/* It is a slave registration message. Get the TCP port of the slave and
the IP address from sockadrr in struct*/

printf ("Master:New slave registration with TCP port:%d ip address:%s
\n",slave tcp port, inet ntoa(UDP_cli addr.sin addr));

slave id = slave id + 1;

hp = gethostbyaddr ((char *) &UDP cli addr.sin_addr,
sizeof (UDP_cli addr.sin_addr), AF INET);

add slave(slave id, slave ipaddr, inet ntoa(UDP_cli addr.sin addr),
(char *) hp->h name, slave tcp port);
print slave list();
}
else
if (!strncmp (mesg, "THANK YOU",9))
{
if ((temp_slave =
find slave(inet ntoa(UDP _cli addr.sin addr),slave tcp port)) == NULL)
printf ("Master:Slave with TCP port:%d ip address:%s not
found\n", slave tcp port, inet ntoa(UDP_cli addr.sin addr));
else
{
printf ("Master:Slave with TCP port:%d ip address:%s
found\n", slave tcp port, inet ntoa(UDP_cli addr.sin addr));

printf ("Master:Slave last url:%s\n", temp slave->last url);
if ((temp_task = find task(temp slave->last url)) == NULL)
printf ("Master:URL:%s not found in task list\n",temp slave-
>last url);
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else

update task(temp task->id, DONE) ;
printf ("Master:Task with id:%d status changed to
DONE\n", temp_ task->id);
}
}
}

else
if (!strncmp (mesg, "SORRY",5))
{
}
}

printf ("Task list done!!!\n");

if (slave list head != NULL)
{printf("Exiting all slaves!!!\n");
temp slave = slave list head ;
while (temp slave != NULL)

{
/* Connect to the slave to send him a command. Fill in the structure
TCP_slav_addr with the address of the slave */

bzero((char *) &TCP_slav addr, sizeof (TCP_slav_addr));
TCP_slav_addr.sin family = AF INET;

TCP_slav _addr.sin addr.s addr = htonl (temp slave->ip address);
TCP_slav_addr.sin_port htons (temp slave->port);

/* Open a TCP socket */

if ((TCP_sockfd = socket (AF INET, SOCK STREAM, 0))<0)
error ("Master:Can't open TCP stream socket\n");

printf ("Master:0Opened TCP socket with descriptor:%d\n",TCP sockfd);
/* Now connect to the slave */
if (connect (TCP_sockfd, (struct sockaddr*) &TCP_slav_addr,
sizeof (TCP_slav _addr)) < 0)
error ("Master:Can't connect to slave with id:%d", temp slave->id);
printf ("Master:Connected to TCP socket\n");
bzero (mesg, sizeof (mesqg)) ;

strcpy (mesg, "EXIT");

if ((nbytes = write(TCP_sockfd, mesg, (strlen(mesg)))) <0)
error ("Master: write error in stream socket");

printf ("Message sent over TCP socket: %s of bytes %d\n",mesg,nbytes);

/* Read a line from the socket - the answer of the slave */
bzero (recvmesg, MAXMESG) ;
nbytes = read(TCP_sockfd, recvmesg, MAXMESG-1);

if (nbytes < 0)
error ("Master: read error in stream socket");
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printf ("Master:Message received:%$s\n", recvmesq);
close (TCP_sockfd) ;

temp slave = temp slave->next;
}
}

else
printf ("Slave list empty!\n");

printf ("Terminating!!!\n");
close (UDP_sockfd) ;

exit (0);
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Apxeio slave (slave.c)

Ak hkhkhkhkhkhhkhhhkhkh kb hhhkhkrhhhkhhkhk kb hkhhkhkhhhkhkhkrhkhkhkhkhkhkhkrhkhkhkhkhkkhhhxkhxkxk
/

* slave.c *
The program of the slave process in our application. *
Responsible for registering to the master process, *
and executing the tasks assigned from master, that is *

*
/

*

*

*

downloading the files from the urls sent from master
Ak hkhkhk Ak hkhhkhhkh kA hhhkdhhkhhhkhkhAhkhkhkkhhkhhkhkhkhAhkhkhkkhkhkhrhkhkkhkhAhkhkhkhhkhhkhk,kkx*xkx*

#include "inet.h"
/* Global variables for the slave program */

int slv_status=IDLE, /* The slave status (defined in inet.h) */
childpid, /* The process id of the child process */
UDP_sockfd, TCP sockfd, connTCP_sockfd; /* socket descriptors */

struct sockaddr in master UDP addr,
master TCP addr,
slav_UDP addr,
slav TCP addr;

char TCP port[8] , url[MAXLINE];

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

* void writeUDP (int respond, int sockfd, struct sockaddr *pmast_addr, int *

* addr_len, char TCP_port[8]) *
* Sends a message to the master via UDP channel. The message to be sent is *
* specified by the value of var respond *

****************************************************************************/
void writeUDP (int respond, int sockfd, struct sockaddr *pmast addr, int
addr len, char TCP port[8])
{
char message [MAXMESG] ;
int n;

switch (respond) {
case HERE I AM :{ strcpy (message, "HERE I AM ");
break;
}
case THANK YOU :{ strcpy (message, "THANK YOU ");

break;
}
case SORRY s { strcpy (message, "SORRY ");
break;
}
}
strcat (message, TCP port);
strcat (message, "\n");
n = strlen(message);
if (sendto(sockfd, message, n, 0, pmast addr, addr len) != n)

error ("Slave: Sendto error on UDP socket\n");
printf ("Message sent to UDP socket:%s\n",message) ;

}

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

* void writeTCP (int respond, int sockfd) *
* Sends a message to the master via TCP channel. *
* Parameters : respond - A symbolic value determining the type of message *

sockfd - The TCP socket descriptor *

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

void writeTCP (int respond, int sockfd)
{

char message [MAXMESG] ;

int n;
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switch (respond) {

case OK s { strcpy (message, "OK");
break;
}
case LATER s { strcpy (message, "LATER");
break;
}
case IDLE HE strcpy (message, "IDLE");
break;
}
case BUSY HEt strcpy (message, "BUSY");
break;

}
}
strcat (message, "\n");
n = strlen(message);
if (write(sockfd, message, n) != n)
error ("Slave: Write error in TCP socket\n");
printf ("Succesfully wrote to the TCP socket:%$s\n",message);

}

/*****************************************************************************
* void extract_url_from_mesg (char message[MAXMESG]) *
* Accepts as input a message of the form "GET <url>" and extracts the url *
* part storing it in the global variable url *
* Parameters : message -A string containing the command received from master*
****************************************************************************/

void extract url from mesg (char message[MAXMESG])

{

int i=0, 3j=0;
char c;

bzero (url, MAXLINE) ;

while (! (isspace(message[i++])));
while ((c = message[i]) != '\n') {
url[j++] = c;
i++;

}

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

* void notify_termination (int pid, int status) *
* Used for asynchronous notification of the termination of the child process*
* Parameters : pid - the process id of the child process finished *
* status - The status of termination (succesful or not) *

****************************************************************************/
void notify termination (int pid, int status)

{

int respond;

status = status >> 8;
printf ("Child with process ID %d finished with status %d\n", pid,
status) ;
slv_status = IDLE; /* Update slave status to idle */
if (status == 0)
respond = THANK YOU;
else 1f (status == 1)
respond = SORRY;
writeUDP (respond, UDP_sockfd, (struct sockaddr *) &master UDP addr,
sizeof (master UDP addr), TCP_port);

}
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/*************************************************************************

* void sigchld_handler (int signum) *
* Signal handler for the signal SIGCHLD issued by child process to slave *
* when finished *

*********************k****************************************************/

void sigchld handler (int signum)
{
int pid;
int status;
/* Wait for the child process without hanging the program */
pid = waitpid (childpid, é&status, WNOHANG) ;
if (pid <= 0) /* No child to be noticed*/
return;
notify termination(pid, status);

}

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

* void sigterm_handler (int signum) *
* Signal handler for the signal SIGTERM issued by slave to child *

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

void sigterm handler (int signum)
{

exit (1) ;
}

/*******************************************************************
* int main(int argc, char *argv[]) *
* The main procedure of the slave program *
‘k********‘k*********************************************************/
main (int argc, char *argv([])
{
int n, status, time expired,
mast length, /* The length of the struct sockaddr of master */
respond; /* The type of message to be sent */
u short master UDP port; /* port read from command line */
u_long master ipaddr;
char mast request [MAXMESG] ;
struct hostent “*hptr; /* result of host name lookup */

if ((argc < 2) || (argc>4))
error ("Usage: slave <slave port> [master addr [master port]\n");

/* Get from command line the TCP port for us and if given the IP address
and UDP port for master */

bzero (TCP_port, 8);
strcpy (TCP_port, argv([l]);
if (argv[2]) {

/* Check whether the name or the IP address of the server is given */
if ((hptr=gethostbyname (argv([2])) !=NULL)
bcopy ((char *)hptr->h addr, (char *) &master ipaddr, hptr-
>h length);
else
master ipaddr = inet addr(argv[2]);

if (argv[3])
master UDP port = atoi(argv[3]);
else master UDP port = MASTER UDP PORT;
} else
master ipaddr = inet addr (MASTER HOST ADDR) ;
/* Open a UDP socket */

if ((UDP_sockfd=socket (AF INET, SOCK DGRAM, 0))<0)
error ("Slave: Cannot open datagram socket\n");

M.MN.Z. MAnpogopiakda ZuoTnpara O.M.A. Zelida 23



‘Aoknon Sockets AikTua YnolAoyioTov

printf ("Slave opened UDP socket with descriptor: %d\n",UDP_sockfd) ;
/* Fill in the master UDP_addr structure with the address of master*/
bzero ((char*) &master UDP addr, sizeof(master_UDP_addr));

master UDP addr.sin family = AF INET;

master UDP_addr.sin addr.s addr = master ipaddr;
master UDP addr.sin port = htons(master UDP port);

/* Bind any local address for us in UDP socket*/

bzero((char *) &slav UDP addr, sizeof(slav UDP addr));

slav_UDP addr.sin family = AF INET;
slav_UDP addr.sin addr.s_ addr = htonl (INADDR ANY) ;
slav_UDP addr.sin port = htons(0);

if (bind(UDP_sockfd, (struct sockaddr *) &slav_ UDP addr,
sizeof (slav_UDP addr))<0)
error ("Slave: Cannot bind local address for UDP socket\n");
printf ("Successfully bound address for UDP socket\n");

/* Send the registration message to the UDP socket */

respond = HERE I AM;
writeUDP (respond, UDP sockfd, (struct sockaddr *) &master UDP addr,
sizeof (master UDP addr), TCP_ port);

/* Open a TCP socket */
if ((TCP_sockfd=socket (AF INET, SOCK STREAM, 0))<0)
error ("Slave: Cannot open stream socket\n");
printf ("Successfully opened TCP socket with descriptor:
$d\n", TCP_sockfd) ;

/* Bind our local address for TCP socket so that the master can send
commands to us */

bzero((char *) &slav TCP addr, sizeof(slav TCP addr)):;

slav_TCP addr.sin family = AF INET;
slav_TCP addr.sin addr.s_addr = htonl (INADDR ANY);
slav_TCP addr.sin port = htons(atoi (TCP port));

if (bind(TCP_sockfd, (struct sockaddr *) &slav_ TCP addr,
sizeof (slav_TCP_addr))<0)
error ("Slave: Cannot bind local address for TCP socket\n");
printf ("Successfully bound address for TCP socket\n");

/* Listen to the TCP socket creating a backlog of 5 */
if (listen (TCP_sockfd, 5) <0 )
error ("Slave: Error listening on TCP port\n");

while (1) {

/* Set a timeout for listening to the TCP socket of 3 seconds*/
time expired = set timeout (TCP_sockfd, 3);

if (time expired == -1)
error ("Slave: Select error\n");
else if (time expired == 1) {

printf ("Slave listening on TCP socket...\n");

/* A connection is pending */
mast length = sizeof(master_TCP_addr);

if ((connTCP_sockfd = accept (TCP_sockfd, (struct sockaddr
*) &master TCP addr, &mast length)) < 0)
error ("Slave: TCP Accept error");
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printf ("Connected Socket TCP descriptor:
$d\n", connTCP_sockfd) ;

printf ("Connection in TCP socket from host with addr: $%s
and port: %d\n", inet ntoa(master TCP addr.sin addr),
ntohs(master_TCP_addr.sin_port));

/* Read the master's command from the TCP socket */

bzero (mast request, MAXMESG) ;
n = read(connTCP sockfd, mast request, MAXMESG) ;

if (n < 0)
error ("Slave: Read error from TCP socket");
printf ("Master request:%s\n", mast request);

/* Do the appropriate actions according to the request */

if (!strncmp (mast request, "GET", 3)) {
/* The master has commanded to get a file */
if (slv_status == IDLE) {
/* Slave is idle. Write OK to the TCP socket */
respond = OK;
writeTCP (respond, connTCP sockfd);

/* Update slave status to busy */
slv_status = BUSY;

/* Extract url from message received from master */
extract url from mesg(mast request);
printf ("Asked url is: %s \n",url);

/* Create a child process with fork to execute wget */
if ((childpid = fork()) < 0)
error ("Slave: Fork error");
else if (childpid == 0) {
/* child process */
/* Close the sockets */
close (TCP_sockfd);
close (connTCP sockfd);

/* Define the signal handler for SIGTERM */
signal (SIGTERM, sigterm handler);
status = 0;

/* Exec returns only in failure with a value of -1 */
if (execlp("wget", "", url, NULL) == -1)
exit (1) ;
}

/* Father process. Define handler for signal SIGCHLD
issued by child when finished */
signal (SIGCHLD, sigchld handler);

} else {
/* The slave is busy. Write LATER */
respond = LATER;
writeTCP (respond, connTCP_sockfd) ;
}
} else if (!strncmp (mast request, "STATUS", 6)) {

/* The master has requested the status of the slave*/
writeTCP(slv_status, connTCP_sockfd) ;

} else if (!strncmp (mast request, "STOP", 4)) {
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/* Master ordered to stop the current transfer */

respond = OK;
writeTCP (respond, connTCP_sockfd);

if (slv_status == BUSY) {

/* Kill the child process by sending a SIGTERM signal */
kill (childpid, SIGTERM) ;

/* Ignore signal SIGCHLD issued by child process */
signal (SIGCHLD, SIG IGN);

/* Update slave status to idle */
slv _status = IDLE;

/* Write SORRY to the UDP channel */
writeUDP (SORRY, UDP_sockfd, (struct sockaddr

*) &master UDP addr, sizeof (master UDP_addr), TCP port);

}

} else if (!strncmp (mast request, "EXIT", 4)) {
/* Master ordered to exit the program */
respond = OK;
writeTCP (respond, connTCP_ sockfd);

if (slv_status == BUSY) {

/* Kill the child process by sending a SIGTERM signal */
kill (childpid, SIGTERM) ;

/* Ignore signal SIGCHLD issued by child process */
signal (SIGCHLD, SIG IGN);

}

break;

}

/* Close the connecting socket */
printf ("Closing TCP connection...\n");
close (connTCP_ sockfd) ;

}
}  /* end infinite loop */

/* Close the listening socket for TCP and the UDP socket*/
printf ("Exiting program...\n");

close (TCP_sockfd);

close (UDP_sockfd) ;
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