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Process outline

What is process?

Process in memory, process state, process control block, threads.
Process scheduling: scheduling queue, schedulers.

Operations on processes: process creation, process termination.
Interprocess communication: shared memory,

Client-server systems: sockets, , pipes.

Homework: Server/Client programming



Process

A process (job) is an executable program which is submitted to OS.
OS manages the process from its birth to death (error handling).

stack Function calls (nested calls, recursive calls)

>

_r

heap Dynamic allocation (object, list, dictionary, tree, etc.)
data Global variables (fixed size)
code Code (fixed size)

Process in memory



Process state

. exit ]
o S interrupt

scheduler dispatch

I/O or event wait 1/0 or event wait

completion



Process control block

In brief, the PCB simply serves as the repository for any information that
may vary from process to process (PCB is a data structure).

process state

process number

registers
(save CPU state)

memory limits

list of open files

PCB

* Process state

* Program counter

e CPU registers (PC uaz reg au « vauun)
* CPU-scheduling information

* Memory-management information
* Accounting information

* |/O status information



Scheduling queues

Job queue: all processes in the system. Ready = in memory
Ready queue: processes that are residing in main memory.
Device queue: processes that are waiting for 1/0O devices (completion).

Once the process is allocated the CPU and is executing, one of several
events could occur:

1. issue an I/0O request and then be placed in the device queue
2. create a new subprocess and wait for subprocess’s termination
3. removed forcibly from the CPU, as a result of an interrupt,

and then put back in the ready queue.



Schedulers

Long-term scheduler (Job scheduler), loading a process into memory.
execute less often
control the degree of multi-programming (#processes in memory)
select a good process mix of I/0-bound and CPU-bound processes

Win + Mac + Linux

Short-term scheduler (CPU scheduler), allocate CPU to one of them. s« cpu scheduler
execute very often (every 100 milliseconds)
if the scheduler takes 10 milliseconds to decide to execute a process
for 100 milliseconds, then 10/(100 + 10) = 9% overheads

Medium-term scheduler (swapping)
remove processes from memory (if advantageous)

when memory requirement overcommitted available memory

Context switch save unloaded process and restore loaded process

«—— Context switch >

Save P1 CPU Restore P2

. P2
a9 mem scheduling 14 cpu

P1




Process Creation

Parent / child / pid (A4 ps waz kill uu Linux)
Concurrent vs. parallel execution

fork() / exec()

wait() — system call

WaitForSignalObject() — Win32 API



// compile: gcc fork.c -o fork
// run: ./fork +5a ./a.out

#include <sys/types.h>
#include <stdio.h>
#include <unistd.h>
int main() {

pid_t pid = fork();

if (pid < 0) {

printf("Fork failed");

return 1;
} else if (pid == 0) {

nanssu #2 (vilu Linux winuiu)
willsunsnitliainagn 10 s gnusiazfoiiundamanufiall
(auiihdnlil)

Error! no child

execlp("/bin/lIs", "Is", NULL); Child

} else {
wait(NULL);

printf("Child Complete");

}

return 0;

Parent

yu Linux 1€a149 man i man fork visa man wait

Wwaeng document wasiteridulunim C




Parent process (pid = child)

if (pid < 0) {
printf("Fork failed");
return 1;
} else if (pid == 0) {
execlp("/bin/lIs", "Is", NULL);
} else {
5 wait(NULL);
printf("Child Complete");
}

N

Exec Aaluan program lusisu

Nnuud twsztaaulldsunsy OS d1e

fork nAanns duplicate winamAandn

Child process (pid = 0)

if (pid < 0) {
printf("Fork failed");
return 1;
} else if (pid == 0) {
—» execlp("/bin/ls", "Is", NULL);
} else {
wait(NULL);
printf("Child Complete");

}




Gaads output fidasms daritu getpid()

I'm the child number 0 (pid 25580) -

I'm the child number 1 (pid 25581)

I'm the child number 2 (pid 25582)

I'm the child number 3 (pid 25583)

I'm the child number 4 (pid 25584) Parent a3 child 10

I'm the child number 5 (pid 25589) u&azelsi child v 10 & terminate reu
I'm the child number 6 (pid 25586) s parent as terminate ans
I'm the child number 7 (pid 25587)

I'm the child number 8 (pid 25588)

I'm the child number 9 (pid 25589)

—

Parent terminates (pid 25579)

Standard Library (C)

Warfdu sleep(1) Aesa 1 Aud

Warfdu getpid() azAurn process id

Warfdu getppid() azAur parent process id

Linux 1435 fork waa$s process ui ass ps g pid wes bash
wda@aulilsunsuiaw pid aes parent process

-~ -

howtogeek@ubuntu: ~

howtogeek@ubuntu:~$ I




Wait System Call in C

Prerequisite : Fork System call

o/

1eAFDAUNILIIGNEAI IAFINTINWIATA

a

Tldseaugnynaavineuaia a1uenansh 7|
A call to wait() blocks the calling process until one of its child processes exits or a signal is received.

After child process terminates, parent continues its execution after wait system call instruction.

Child process may terminate due to any of these:

« It calls exit();
« It returns (an int) from main
» It receives a signal (from the OS or another process) whose default action is to terminate.

Parent resumes

»>

Child

If there are at least one child processes running when the call to wait() is made, the caller
will be blocked until one of its child processes exits. At that moment, the caller resumes its
execution. If there is no child process running when the call to wait() is made, then this
wait() has no effect at all.



Windows

// compile: MS Visual C++ 2008 Express

ni C ragusiay OS adnaiu
wila{lgmileudiuianun Tnaewnz C Library

iu Linux & fork() uws Windows &
Windows & CreateProcess() usi Linux 1:&

#include "stdafx.h"

#include "windows.h"

int _tmain(int argc, _TCHAR *argv[]) {
STARTUPINFO si;
PROCESS_INFORMATION pi;
ZeroMemory(&si, sizeof(si));
si.cb = sizeof(si);
ZeroMemory(&pi, sizeof(pi));
LPTSTR szCmdline = _tcsdup(TEXT("c:\\windows\\system32\\mspaint.exe"));
if (ICreateProcess(NULL, szCmdline, NULL, NULL, FALSE, 0, NULL, NULL, &si, &pi)) {

fprintf(stderr, "Create Process Failed");

}
WaitForSingleObject(pi.hProcess, INFINITE);
printf("Child Complete");
CloseHandle(pi.hProcess);
CloseHandle(pi.hThread);
return 0;




Process Termination

exit() — system call

All the resources of the process — including physical and virtual memory, open
files, and 1/0 buffers — are deallocated by the operating system.

TerminateProcess() — Win32 API

A parent may terminate the execution of one of its children for a variety of
reasons, such as these:
1) the child has exceeded its usage of some of the resources that it has
been allocated.
2) the task assigned to the child is no longer required.
3) the parent is exiting, and the OS does not allow a child to continue
if its parent terminates (cascading termination).



Interprocess communication

There are several reasons for providing an environment that allows process
cooperation:

Information sharing shared file (lock/unlock)
Computation speed parallel sorting

Modularity web browser ( 1 web = 1 process)
Convenience copy & paste, drag & drop

Cooperating processes require Interprocess Communication (IPC).

Shared Memory vs. Message Passing



Shared-memory systems

Producer-consumer problem (d3u users 72l sawld pipe uu shell fina)
iu cat /usr/share/dict/american-english | grep board | wc -I
isdunsadigulidsunsuasne pipe wwaltanszudng 2 processes la

Shared memory (queue)

#define BUFFER_SIZE 10

typedef struct {

}item

// circular queue

item buffer[BUFFER_SIZE];
intin =0; // tail

int out = 0; // head

item nextProduced; Producer process
while (¢ssas produce ag) {

while (count == BUFFER_SIZE) { }

buffer[in] = nextProduced;

in=(in + 1) % BUFFER_SIZE;

count++;

}

item nextConsumed; Consumer process
while (fissas consume ag) {

while (count==0) { }
nextConsumed = buffer[out];
out = (out + 1) % BUFFER_SIZE;
count--;




Circular Queue

count=3
BUFFER _SIZE=8



Pi pe a n d REd i re Ct (one-way communication)

* In C programming, there are 3 stardard I/O channels.
Standard input (stdin) = keyboard
Standard output (stdout) = monitor fprintf(stdout, "%s", "Hello world\n");
Standard error (Stderr) = monitor ferintf(stderr, "%s", "Error message\n");
Pipe is used to connect stdout (one process) to stdin (another)
For example, "Is | more" or "tar -c myfolder | gzip -c > myfolder.tar.gz"
* Redirect is used to redirect input or output

For example, "a.out > file.txt" or "a.out >> file.txt" (append).
1 ldAaT @y 1> vide 2> munede nsasenannz stdout uax stderr
2>&1 wuneda When stderr leanit stdout un

e < gets input from file
For example, "tar -xvz < filename.tar.gz"



// compile: gcc shared_mem.c
#include <sys/types.h>
#finclude <sys/shm.h>
#include <sys/stat.h>

#include <stdio.h>

#include <unistd.h>

int main() {

int segment_id;
char *shared_memory;

segment_id = shmget(IPC_PRIVATE, 4096, S_IRUSR | S_IWUSR);
shared_memory = (char *)shmat(segment_id, NULL, 0);

sprintf(shared_memory, "Hi there!");

// continue on the next page




pid_t pid;
pid = fork();
if (pid == 0) { // child

printf("%s\n", shared_memory);

} else { // parent
wait(NULL);
shmdt(shared_memory); // detach
shmctl(segment_id, IPC_RMID, NULL); // remove
}

return 0;




Client-Server Systems

Sockets, ports
sock.accept() is a blocking method.

127.0.0.1 is loop back.



import java.net.*;
import java.io.*;

public class DateServer

{

public static void main(String[] args) {

try {
ServerSocket sock = new ServerSocket(6013);

// now listen for connections nanssu #3 (vilu Linux winuu)

while (true) { Fas New process visa spawn thread
Socket client = sock.accept(); 4o~ . Y e a .
Waliitsnig client Tdwane <) danfanriu

PrintWriter pout = new
PrintWriter(client.getOutputStream(), true);

// write the Date to the socket
pout.println(new java.util.Date().toString());

// close the socket and resume
// listening for connections

Tiienteiese s quloop defayaiunaniaqiililes l

}

}
catch (IDException ioe) {

System.err.println(ioe);

}
}
}

Figure 3.19 Date server. y .
Tdnnmidsunsnau - Ald naine kernel thread 14



import java.net.*;
import java.io.*;

public class DateClient

{
public static void main(String[] args) {

try {
//make connection to server socket Loop back uaz port number
Socket sock = new Socket("127.0.0.1",6013);

InputStream in = sock.getInputStream();
BufferedReader bin = new
BufferedReader (new InputStreamReader(in));

// read the date from the socket

String line;

while ( (line = bin.readLine()) != null)
System.out.println(line) ;

// close the socket connection
sock.close();

catch (IDException ioe) {
System.err.println(ioe);

}
}
}

Figure 3.20 Date client.



a1 lilsunsudu 9 wanann Java nla

Client
O™ howtogeek@ubuntu: ~
howtogeek@ubuntu:~$ JJ

Server
@ ™™ howtogeek@ubuntu: ~ el

howtogeek@ubuntu:~$ taqii

Client
O™ howtogeek@ubuntu: ~
howtogeek@ubuntu:~$ JJ

FULIAN

laq1iu

rasdaullsunsuly fork (ase process/thread lud) wiavuinns client wsazsin
neaziiudn client ynsialasuusnslndas - Ay



Message Passing

MP is useful in distributed environment, where the communicating processes
may reside on different computers connected by a network (e.g. Cluster).

OS a%1e message queue vmtinaans < iu mail box
wuu 1. viane o process uuwezadinesiu {1 mail box gaimen

WUy 2. Juang o iares uiaziezassesd mail box wewiaies



apparent flow

Ncall .’
. Manager
Client |4 return Procedures
F Y F 3
call return return call
Interface
¥ h 4
Client Stub S er Stub
call l T return return l TM
RPC Runtime .’ RPC Runtime
Library l‘ Library
network
messages

Client process

Server process

Remote Procedure Call Flow

Remote Procedure Calls

pane Virtualization waandferiduiin execute agjuuirsedase)

Programmer’s
view

What actually
happen



Why RPC

* If no RPC, you have to use socket programming and you have to
impose a structure on data! (Java uses serialization)

* Only one copy of a function, updating a service at one place,
i.e. banking application.

* Distributing jobs to many servers. Each server is good at a

string LoadQuestion(int i

Server string LoadChoice(int i, int j)
bool Save(string id, int i, int j)

Faster coding compar

Client Client Client Client .
socket programming or

web programming.




Today’s RPC

* NET Remoting
 Java RMI (remote method invocation)

V4
-

THE EXPERT’S VOICE® IN .NiEyriuhted Material

Advanced
NET ®
Remoting

Everything you need to know about .NET Remoting
5 8 g

] ava RMI

O’REILLY"

SECOND EDITION

daidanans server uaz client aaailu platform aeidy




Web Services

* lin1mau - wenain CH Adew web service s

e Zanld web serviee annslanle
e untlyvnoansiasinen A

©

1 a o o a6 v = Qi Y v
UFN1FAINANUIUATIN BE9114 ﬁﬁ‘@ﬁ‘%ﬂ&‘m’m%ﬁ\‘ﬂuiﬂ

Client
> (MyService.dll)

MyService.asmx
(in a virtual directory)

<%@WebService Language="C#" using System;
Class="MyService"%> using MyNameSpace;

using System.Web.Services;
public class MyService : WebService { ic void Main(string [] Args) {

[WebMethod] MyService S= new MyService();
public int Add(int a, int b) { Console.WriteLine(S.Add(1,2));

return a + b; \ }
}




MyService Web Service -ﬁ'-x_ ar

<« C || ¢ http//localhost/test/MyService.asmx

The following operations aresupported. For a formal definition, please review the Service Description.

« Add

This web service is using http:/ /tempuri.org/ as its default namespace.

Recommendation: Change the default namespace before the XML Web service is made public.

ht%alhost/test/ MyService.asmx?op=Add

Click here for a complete list okgperations.

Add

Test

To test the aperation using the HTTP POST protocolclick the 'Invaoke' button.

Parameter Value

a:
b:

Invaoke




Process Communication

1aq1ju313na mLﬁnﬂuiﬂa‘Lm@mmLa‘ﬂu communicate Auldsunsn
mma‘ﬂ@uj (emm v@ﬂummmmmﬂum@ﬂm Lmﬂmim)

.NET (C#) simplified code

ExcelApp = new Excel.ApplicationClass(); =¥ process 5u Excel
ExcelBook = ExcelApp.Workbooks.Open(Filename, ..., ..., ...);
ExcelSheet = ExcelBook.Worksheets.get. Item(1);

// write
ExcelSheet.Cells[row,col] = “Chatchawit”;

// read
name = ExcelSheet.Cells[row,col];

ExcelBook.Close(true, Missing.Value, Missing.Value);

ExcelApp.Quit(); taqtiuaansaarudaulua Excel lanse o 1a



Tansl

Homework

POSIX Message Passing (p. 148)

- write “central.c” and “external.c”
- 1 copy of “central” and 4 copies of “external” can be started in any order.

- begin from 2 processes and one-way communication.

- then, two-way communication (2 mailboxes) and 5 processes (5 mailboxes).
- use 5 terminals for the ease of debuggi
- always check and clear message queues b

I”

‘ipcs” and “iprm -q qid.”

new_temp(0], nev_temp(1], nev_temp(2], new_temp(3], new_temp(4]):

struct msqid ds cummyParam;

status = msgctl (msqid[0], IPC RMID, &dummyParam) ;

retumn 0;

xxxxxxxxx

central.c external.c



compile: goc central.c Ce nt ra I

s/ipc.h>
#include <sys/msg.h>
#include <sys/types)
#include <stdio.h>

#include <stdlib.h>

typedef struct t msgp { lu struct sawilu message type

long priority: (vzeazuasindwyriority fl4)
int temp:
int pid: —> size 199 message naxgsluiaridu msgrev duua

int stable:

} msgp;

int main({int argec, char *argv[]) {

int temp[5]:
int new temp[5]:
int msqgid[3] = { -1, -1, -1, -1, -1 }:

int statns, stable, i:



utlas string 1w int

agp m;
/ / @qmwgﬁﬁ‘g\]ﬁu

toi(argv[l]):

msqid Aa message queue id, 70 Aa queue name (users 2 auanaazld queue name g1iuls)
. os00 | 1pc creaty; 0600 Rasaxli process aasgassenwzan mailbox 1a

IPC CREAT fAa dnsslaifiliiasalua

m=gget (71, 0&00) —

msqid[0] = msgget (

while (msgid[1] < 0) msgid[1]

while [(msgid[2] < 0) msgid[

m=sgget (72, 0600) ;
_ 99 message queue id aas external 4 sia

while (msgid[3] < 0) msgid[3] ) y ) .
while loop asali external afs

t(73, 0600) ;

while (msgid[4] < 0) msgid[4] = msgget(74, 0600):

stable = 0; 0 a1u first message uu queue
wiu 2 11 first message # priority = 2
while (!'stable) { <0 1inc2 1o first message # priority <=2

J/ receive 4 messages (unsorted!)
for (i =1; 1 <= 4; i++) {

status = msgrov(msgid[0], &m, sizeof (msgp) - sizeof(long), 2,

temp[m.pid] = m.temp;

// update temp



new temp[0] = (temp[0] + temp[0] + temp[l] + temp[2] + temp[3] + temp([4]) / 6: update
(i=1; i <= 4; i+4) { central
update

temp[i] = ((3 * temp[i]) + (2 * temp[0])) / 5:
external

// check stability

if (temp[1] new temp[1N\&& temp[2]

temp[3] = new temp[3] &&

new temp[2] &&
new temp[4]) {

stable = 1;

J/ send 4 messages (sorted!)
for (1 =1; 1 == 4; i++) {
m.priority = 2;
m. temp = new temp[i]:
m.pid = i;
m.stable = stable;

status = msgsnd (msgid[i], &m, sizeof (msgp) - sizeof (long), 0):

1 central + 4 external
printf ("s6d %6d %6d %6d %6d\n",



new temp[0], new temp[l], new temp[2], new temp[3], new temp[4]):

struct id ds dummyParam; 19 |PC_STAT
IPC_SET

" remove
status = msgetNmsqgid[0], IPC RMID, &dummyFaram)

return 0;
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