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557 Threads {2

B A thread (or lightweight process) is a basic unit of CPU
utilization; it consists of (£ )

thread ID
program counter
register set
stack space

m A thread shares with its peer threads its(= =~
code section
data section

operating-system resources( files ... )
collectively known as a fask.

B I=Z=NASE &EHI*(HWP Heavy Weight Process)
- ofLte] AQIEE JHA & H(task)
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i Motivation

B Thread=2 S ELH{O|A =
m SEUOM Z2|El threadS 2 o= =2 Of
e Update display
e Fetch data
e Spell checking
e Answer a network request

m Kernels are generally multithreaded
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®m Process® D22 2E(AHAI

Program Stack

Poasible "hole®
in address space

BSS: zoro-filled
variables

Globals and
Static variablas
(Data)

Executable coda
{shared)

High Address

STACK SEGMENT

Stack grows dovenwarnd

Haap grows upward

DATA SEGMENT

Low Addrass

TEXT SEGMENT

Operating System Concepts — 8" Edition

System

env
argv
arge

High memory

auto variables for
main()

auto variables for
uncf

STACK

mfp — frame pointer (for main)

available for
stack growth

stack pointer
(grows downward if func()
calls another function)

global variables

"%d."

DATA

malloc.o (lib*.a)

printf.o (lib*.a)

file.o

tune(72,73)

main.o

TEXT

compiled code (a.out)

crt.o (startup routine)

(code)

4.4

uninitialized data (bss)

initialized data

statically linked

(not usual case)

I library functions if

~<—— ra (return address)

Low memory

Stack illustrated after the call
fune(72,73) called from main().
assuming func defined by:
func(int x. int y) {

int a;

int b[3]:

/* no other auto variables */

Assumes int = long = char * of
size 4 and assumes stack at high
address and descending down.

Expanded view of the stack

Stack
Offset from current main() .
frame pointer (for auto Contents
sz ‘ o fune()) variables
=2 o malloc.o (lib* s0) 11b1'al'y‘ﬁmcmfns if 12 73 v
Z = intfo (lib® dynamically linked 48 73 %
= = rintf.o 50
z = p ) (usual case) +4 ra return address
frame pointer — 0 mip caller’s frame pointer
available for points here —4 garbage a
heap growth -8 garbage b[2]
brk point -12 garbage b[1]
-16 garbage b[0]
HMS ) stack pointer ——
(malloc arena) (top of stack)
points here

All auto variables and parameters
are referenced via offsets from the
frame pointer.

The frame pointer and stack pointer
are in registers (for fast access).

When funet returns, the return value
is stored i a register. The stack pointer
is move to the y location, the code

is jumped to the return address (ra),
and the frame pointer is set to mfp
(the stored value of the caller’s frame
pointer). The caller moves the return
value to the right place.
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Threads

m Process? Thread2| X}0|

Process A
Process A

Thread 1

pthread create()
Process B

Data(Global Data(Global
Variables) Variables) Process A
Thread 2
Code/Text Data(Global Codeftext
Variables)
Code/Text
Process Thread
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Single and Multithreaded Processes

code

data

files

registers

stack

thread —» ;

single-threaded process
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code data files
registers ||| registers ||| registers
stack stack stack
-

multithreaded process
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® Responsiveness

e eg) multi-threaded Web - if one thread is blocked (eg network)
another thread continues (eg display)

® Resource Sharing

e n threads can share binary code, data, resource of the process (files,
crt, ...)

®m Economy
e creating and context switching thread (rather than a process)
e Solaris: 30K 5HH

m Utilization of MP Architectures
e each thread may be running in paralle/ on a different processor

,L\_,-/‘/.-L-?" 3 *:_\
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‘?f%-—f" Multithreaded Server Architecture

(2) create new
(1) request thread to service
the request

client >  Server » thread

U

(3) resume listening
for additional
client requests

Operating System Concepts — 8" Edition 4.9 Silberschatz, Galvin and Gagne ©2009



) (™ Concurrent Execution on a
N Single-core System

single core T4 To T3 Ty T4 To T3 Ty T4

time

A
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) ™ Parallel Execution on a
wr & Multicore System

core 1 T4 Ta T4 Ta T4

core 2 To T4 To T4 Ts
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o User Threads

® Thread management done by user-level threads library

o ct0IEdcl= AHES XES0| M ES HHU AJEE, 2l E K&

o HE= Sothl ELE=g, ddit 22Jt =L SME AlAE 2= +=dot=
MEI == MdlE= UE AdER SH A0lEE HA ®2S

® Three primary thread libraries:
e POSIX Pthreads
e Win32 threads
e Java threads

VA
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x.f.,}.q Kernel Threads

m Supported by the Kernel

B OHE SF0IA RS0l MAD 2210 LR CHE Mo B ANSY 2+
AS

m Examples
e Windows XP/2000
e Solaris
e Linux
e Tru64 UNIX
e Mac OS X
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5 User and Kernel Threads

®m Some are supported by kerne/

eg) Windows 95/98/NT
Solaris Kernel
Digital UNIX ———> Threads

e Others are supported by /ibrary

eg) POSIX Pthreads User
Mach C-threads [ >Threads

Solaris threads

e Some are real-time threads
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& Multithreading Models

® Many-to-One
®E One-to-One

® Many-to-Many

og!

e Two-level Model : Many-to-Many & 2! 2| H
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= N

®m Many user-level threads mapped to single kernel thread

m Examples:
e Solaris Green Threads g ; g

e GNU Portable Threads

«——user thread

k ) «<——kernel thread




&f.frg;;—( One-to-One

m Each user-level thread maps to kernel thread

m Examples
e Windows NT/XP/2000
e Linux
e Solaris 9 and later

«—— user thread

K K K @ <«<—Kkernel thread.
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S Many-to-Many Model

m Allows many user level threads to be mapped to many kernel threads

m Allows the operating system to create a sufficient number of kernel
threads

e Solaris prior to version 9
e Windows NT/2000 with the ThreadFiber package

S

34— user thread

<«—— kernel thread N
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ot Two-level Model

m Similar to M:M, except that it allows a user thread to be bound to kernel
thread

e HP-UX
e Tru64 UNIX
e Solaris 8 and earlier

m Examples ; g
e IRIX
; g «—— yser thread
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r &1 Thread Libraries

m Thread library provides programmer with API for creating and managing
threads

®m Two primary ways of implementing
e Library entirely in user space
e Kernel-level library supported by the OS

POSIX Pthread
Wind32 Thread API
m Java thread API

B Linux

p "L LY
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"“*z:'f" Threading Issues

m Semantics of fork() and exec() system calls

m Thread cancellation of target thread
e Asynchronous or deferred

m Signal handling
e Synchronous and asynchronous

Operating System Concepts — 8t Edition 4.21
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- *“'Th reading Issues — Semantics of fork() and exec()

m  Multithread =2 124 01| A fork()% SEEIH, 8 JH2| threadE M A E HQID}2
OLIH 2 E multithreadE 25 SAIGHA M & 2101012
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&7 Threading Issues — Thread Cancellation

® Terminating a thread before it has finished

o OIE =Y, MdI==0| GIOIHHIOIAS EE=2
S0 1 S 8 AdIEJ 20 E 32,

o
o T=2d BetRNUAMN AIZ A stop= 2 e B2

®m Two general approaches:

e Asynchronous cancellation terminates the target
thread immediately

e Deferred cancellation allows the target thread to
periodically check if it should be cancelled
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i Signal Handling

m  Signals are used in UNIX systems to notify a process that a particular event has occurred.

®m A signal handler is used to process signals
1. Signal is generated by particular event
2.  Signal is delivered to a process
3. Signal is handled

m  Options:
e Deliver the signal to the thread to which the signal applies
e Deliver the signal to every thread in the process
e Deliver the signal to certain threads in the process
e Assign a specific thread to receive all signals for the process
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Signal Handling

® Signal

e UnixOlAl S& Event)t 2HUE= &2l)| fIoH
ME &= ©®2(0l: Windows Message)

® signal handler? X2l &=A
1. SignalO| £& event(i 2o &=
2. Signal0| S8 ZZz MAN dEE
3. SignalO| X2l

e Process0l A1 2| Signal X 2| & EALS

4
4
4

»

Operating System Concepts — 8t Edition

SignalO| & =& =& Thread(i| &=
Process?' 0l = 2 & Thread(l| & &5 E
Process®t2| (%= ThreadO| H &S &

1 ProcessOfl &&= 2 Signal2 X2l & &

Thread= X| &
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557 Thread Pools

LS gt

CHD1ot= Ch£=2] Thread= 0|2| 2440 == Pool

0

m Advantages:
o 5L :5E MZ2 ThreadE M4
=
[==)

Thread= AIE6I2 =2 CFA i}

Qli

Mot=

= A2

I

ol

o ALAE XHE 2H2 et A £4 : Allows the number of
threads in the application(s) to be bound to the size of
the pool
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57 Thread Pools

m Java provides 3 thread pool architectures:

1. Single thread executor - pool of size 1.

static ExecutorService newSingleThreadExecutor()

2. Fixed thread executor - pool of fixed size.

static ExecutorService newFixedThreadPool(int nThreads)

3. Cached thread pool - pool of unbounded size

static ExecutorService newCachedThreadPool()

- P . -_:;“ . \\\‘!
f -”A‘-’ﬁ(-

i A
el ~Adie
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o Scheduler Activations

s

m  Scheduler Activation
e Thread library 2t Kernel Thread2| S 412

e This communication allows an application to maintain the correct number kernel
threads

E LWP A=+ =X
e M:M and Two-level model=2 Ct+=2| Kernel

«—— user thread

LWF | = lightweight process

-~

:_r k |*+=——kemel thread
M
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syscall()

Process
user user
thread thread
Lightweight Lightweight
process (LWP} [ | process (LWP)
Kernel Kernel
thread thread

syscall ()

System calls

Kernel

Hardware

Figure 4.15 Processes and Threads in Solaris [MCDO07]
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m Unix2 Solaris2 Thread X| & Process?| H| 1!

UNIX Process Structure Solaris Process Structure

Solaris replaces
the processor
state block with a
list of LWPs

Figure 4.16 Pro Structure in Traditional UNIX and Solaris [LEWI96 - )
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m Solaris| A<l 2 Thread 2 &!

thread create() intr(}
swhchi )
11
RUN J ONPROC sveca O SLEEP
precempt ()
F 3
wakeup ()
RUN - P ONPROLC = SLEEP
pruni) pstop() exit(] reapt()

Figure 4.17 Solaris Thread States [MCDO07]
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®m Linux0l A2 Process/Thread &2 !

creation

Figure 4.18 Linux Process/Thread Model
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® Implements the one-to-one mapping
m Each thread contains
e A thread id
e Register set
e Separate user and kernel stacks
e Private data storage area

® The register set, stacks, and private storage area are
known as the context of the threads

o # . "_::ﬁ . ‘\‘!
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5% 2 AT H Agl: Windows XP Threads
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ETHREAD
thread start
address
pointer to
parent process KTHREAD
scheduling
and
synchronization
. information
: kernel TEB
stack
» thread identifier
a user
a stack
thread-local
storage
kernel space user space
4.34
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gg;‘"ﬁf =3 MMl Al Linux Threads

Linux refers to them as fasks rather than threads
Thread creation is done through clone() system call

clone() allows a child task to share the address space of the parent
task (process)

flag meaning
CLONE_Fs File-systemn information is shared.
CLONE_VM The same memory space is shared.
CLONE SIGHAND Signal handlers are shared.
CLONE FILES The set of open files is shared.
4.35 Silberschatz, Galvin and Gaghe ©2009
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? Thread Programming : Windows(1)
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[3 * 4] * [4 * 5] -> [3*5]0f| A
[1*5] [1 * 6] [1 * 5] =& S5}
[3*5] & & A 4t
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7 Thread Programming : Windows(3)
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Ol Al : Thread Echo Server
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Ol Al : Thread Echo Server
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End of Chapter 4

Operating System Concepts — 8t Edition Silberschatz, Galvin and Gagne ©2009



T Pthreads

m  May be provided either as user-level or kernel-level

m A POSIX standard (IEEE 1003.1c) API for thread creation and synchronization

m  API specifies behavior of the thread library, implementation is up to development of the library

®m  Common in UNIX operating systems (Solaris, Linux, Mac OS X)
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r o Pthreads Example

#finclude <pthread.h:=-
#finclude <stdio.h=

int sum; f* this data is shared by the thread{s) =/
void *runner(void *para=); /* the thread =/

int main(int argc, char =*argw[])

{

pthread t tid; /* the thread identifier =/
pthread attr t attr; /* set of thread attributes =/

if (argc != 20 {

fprintf (stderr,"usage: a.out <integer walue>\n");
return —-1;

if (atoifargv(il]) < 0) {

fprintf (stderr,"¥d must be >= 0\n",atoilargwv(i]));
return -1;

1
ol |
e o -

L]
W

“ A
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‘?‘f”“ivjf’ Pthreads Example (Cont.)

= s

/= gat the default attributes */
pthread-attr-init(Ekattr);

/= create the thread =/

pthread create(&tid,kattr,runner,argv[1]);
/= wait for the thread to exit =/

pthread join(tid NULL);

printf("suz = Yd\n",sum) ;

;

/* The thread will begin contreol in this functicn =*/
void *runner(void *param)

{

int i, upper = atoif{param);
sum = Q;

for (i = 1; i <= upper; i++)
sum += i

pthread exit(0);

}

Figure 4.9 Mulithreaded C program usng the Pthreads AP

A
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“3$7"Win32 APl Multithreaded C Program

#include =windows.h:=

#include -<=stdic.h>-

DWOAD Sum; f* data is shared by the thread(s) =/
/= the thread runs in this separate function =/

DWOARD WINAPI Summaticom (LFVOID Param)

{
DWORD Upper = =(DWORD=*)Paraz;
for (DWORD i = 0; i <= Upper; i++)
Sum += i;
return O;
}
int mainf(int argc, char =argv[])
{

DWORD ThreadlId;

HANDLE ThreadHandle;

int Param;

f* perform some basic error checking =*/

if (argec != 2} {
fprintf{stderr,"An integer parameter is regquired\n");
Teturn —1;

%aram = atoi(argv[1]);

if (Param < Q)
fprintf{stderr,"An integer >= 0 is reguiredin");
return —1;

!

Y
s
__lx!

A
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P, |
‘“‘f&'\f\/m?)z APl Multithreaded C Program (Cont.)

ff create the thread
ThreadHandle = CreateThread|
NULL, // default security attributes
0, // default stack size
Summation, f/ thread function
EPara=z, // parameter to thread function
0, f/ default creation flags
EThreadId); // returns the thread identifier

if (ThreadHandle != NULL) {
/f now wait for the thread to fimnish
WaitForSinglelbject (ThreadHandle , INFINITE]};

!4 close the thread handle
CloseHandle{ThreadHandle) ;

printf("sum = Yd\n" ,Sum) ;

1
}

Figure 4.10 Mutithreeded C program using the Win3d2 API.

Y
s
__lx!

A
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<55 Java Threads

LS

m Java threads are managed by the JVM

m  Typically implemented using the threads model provided by underlying OS

m Java threads may be created by:

e Extending Thread class
e Implementing the Runnable interface

- ._‘ ‘r_"' Ll
> ey Al
£ b \
wild] --I.H'. =

Operating System Concepts — 8" Edition 4.47 Silberschatz, Galvin and Gagne ©2009



~$¥7  Java Multithreaded Program

class Sum

!

}

class Summation implements Runnable

{

Operating System Concepts — 8" Edition

public int gecSumi]l {
return sum;

}

public woid setSum{int
this_=1um = Sum:s

I

private int upper;:
private Sum sumifaluoe;

public Summationiint upper,

this_ upper = uppsr;:

I

this_ sumfalue = sumialioe:

public woid run{) {
int sum = 0O;

Ear {ink i = 97 1 «= ppper;

SIUm 4= iF
sumfalyue setSemisum] @

}

4.48

sum)

Sum sumifalioe)

4 W

Silberschatz, Galvin and Gaghe ©2009



=

g,;} Java Multithreaded Program (Cont.)

public class Driwver
{
public static void main(String[] args) {
if {args.length = &) {
if {Integer . parselnt{args[d]] < 0]
System.err.printlnfargs[0] + * must be == 0.%);
ploe
f! create the obhject to be shared
Sum sumdbject = new Sum{) ;
int upper = Integer.parselnt {args[C]);
Thread thrd = new Thread (new Summation{upper, sumdbject)]) :
Ehrd.starck{]:
ery
thrd. join{l :
Eymtem.out . printin
1*The sum of “"supper+® is “"ssumdbject _getSumi))
} cateh {InterruptedException ie] { |}

1

1ge
System.err . println{"Usage: Summation <integer value==); ]}

Figure 4.11 Java program for the summaton of a non-negative integer.

4 W
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